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HUMAN B-TYPE NATRIURETIC PEPTIDE ASSAY HAVING REDUCED
CROSS-REACTIVITY WITH OTHER PEPTIDE FORMS

RELATED APPLICATION INFORMATION
This application claims priority to U.S. Application No. 60/916,718, filed on

May 8, 2007, the contents of which are herein incorporated by reference.

TECHNICAL FIELD
The present disclosure relates to assays for detecting and/or quantifying the

amount of human B-type natriuretic peptide in a test sample. Specifically, the assays of

the present disclosure exhibit less than about twenty percent (20%) cross-reactivity

with any human proB-type natriuretic peptide present or contained in a test sample.

BACKGROUND
Atrial natriuretic peptide (hereinafter "ANP"), B-type natriuretic peptide

(hereinafter "BNP"), C-type natriuretic peptide (hereinafter "CNP") and Dendroaspis

natriuretic peptide (hereinafter "DNP") are each members of a family of hormones

known as "natriuretic peptides". ANP and BNP share a wide spectrum of biological

properties and belong to the cardiac natriuretic system. Both ANP and BNP are of

myocardial cell origin while CNP is of endothelial cell origin. DNP was isolated from

the venom of the green mamba snake and possesses structural similarity to ANP, BNP

and CNP.

ANP is secreted by the heart in the atria. ANP has a 17 amino acid ring closed

by a disulfide bond between two cysteine residues. Eleven of the seventeen amino

acids in the ring are conserved across ANP, BNP, CNP and DNP. In addition to the 17

amino acid ring structure, ANP has an amino-terminal tail of 6 amino acids and a

carboxy-terminal tail of 5 amino acids. ANP is produced as a 126 amino acid pro-ANP

form that is the major storage form of ANP. After proteolytic cleavage between amino

acids 98 and 99, the mature 28 amino acid peptide ANP is found in coronary sinus

plasma (See Yandle, J. Internal Med., 235:561-576 (1994)).

BNP received its name because it was first isolated from porcine brain, thus,

initially, "BNP" stood for "brain natriuretic peptide". However, because BNP was

found to belong to the cardiac natriuretic system, the word "brain" was changed to "B-

type". Therefore, "BNP" now refers to "B-type natriuretic peptide". In humans, BNP

is secreted by the heart through the coronary sinus, predominantly from the cardiac



ventricles. The pre-pro peptide precursor of human BNP (hereinafter "human pre-

proBNP") is 134 amino acids in length (SEQ ID NO:1) and comprises a short signal

peptide, which is enzymatically cleaved off to release the human pro peptide of BNP

(hereinafter "human proBNP") which is 108 amino acids in length (SEQ ID NO:2).

Human proBNP is further cleaved into an N-terminal pro peptide of human BNP

(hereinafter "human NT-proBNP") which is 76 amino acids in length (SEQ ID NO:3)

and the active hormone, human BNP (hereinafter "hBNP" or "hBNP-32"), which is 32

amino acids in length (SEQ ID NO:4). It has been suggested that each of human NT

pro-BNP, hBNP-32, and human proBNP-can circulate in human plasma (See,

Tateyama et al., Biochem. Biophys. Res. Commun. 185: 760-7 (1992); Hunt et al.,

Biochem. Biophys. Res. Commun. 214: 1175-83 (1995)).

CNP was first found in the brain, however, most of it originates in endothelial

and renal cells. It is widely distributed in the vasculature, brain, bone and endothelium.

Little if any CNP is present in the heart. Pro-CNP is a 103 amino acid peptide that is

processed into either CNP-53 (amino acids 5 1 to 103) or CNP-22 (amino acids 82 to

103) that are the active peptides. Like ANP, CNP has a 17 amino acid ring closed by a

disulfide bond between cysteine residues. In addition to this 17 amino acid ring

structure, CNP-22 has an amino-terminal tail of 5 amino acids and contains no carboxy-

terminal tail. CNP-53 is identical to CNP-22 except for a 3 1 amino acid extension at

the amino terminal end.

As mentioned previously, DNP was isolated from the venom of the green

mamba snake. The mature form of DNP is made up of 38 amino acids. DNP-like

immunoreactivity (DNP-LI) has been reported in human plasma and the plasma

concentration of DNP-LI has been found to be elevated in patients with congestive

heart failure (See, Cataliotti, et al., Mayo Clin. Proc, 76: 111-1 119 (2001)).

Additionally, it is also known that the infusion of synthetic DNP results in marked

natriuresis and diuresis in association with increased plasma and urinary cyclic

guanosine monophosphate. Id.

In humans, heart disease can stimulate the secretion of ANP and BNP. In fact,

the secretion of ANP and BNP in humans typically reflects a change in cardiac

function. Specifically, the secretion of ANP is typically accelerated when the atrium

undergoes a load, while the biosynthesis and secretion of BNP is stimulated when the



ventricle undergoes a load. Thereupon, both ANP and BNP are useful as indicators in

the diagnosis of heart disease. However, despite this and over time, BNP has become

recognized as a useful indicator in the diagnosis of heart disease, more so than ANP.

For example, the blood concentration of BNP is only 1/6 of ANP in a normal subject

but it becomes higher than ANP in patients of heart failure. Moreover, the blood

concentration of BNP increases in the case of heart failure like ANP, and the plasma

concentration of BNP often exceeds that of ANP, thus reflecting more accurately the

severity of heart dysfunction. Moreover, BNP level in patients of heart failure

sometimes increases to several tens times to several hundreds times of that of healthy

normal subjects.

It is known that human proBNP, human NT-proBNP and hBNP can circulate

and may be detected in test samples of patients suffering from cardiovascular disease,

particularly heart failure. Both hBNP and human NT-proBNP are frequently used as

markers to detect heart failure and to assess risk thereof in patients. However, the

actual amount of each of the individual forms of BNP (i.e. human proBNP, human NT-

proBNP and human BNP) that circulate is unclear due to the cross-reactivities of

current commercial assays for these various forms (See, Liang F., et al., J . American

College of Cardiology, 49(10): 1071-1078 (2007)).

Additionally, it is known that human proBNP and human NT-proBNP can be

glycosylated (See, Schellenberger, U. et al., Archives of Biochemistry and Biophysics,

45 1:160-166 (2006)), and these glycosylated forms have been isolated from human

samples (See, Hammerer-Lercher A., et al., Clinical Chemistry, 54(5):858-865 (2008)

and Seferian, K. et al., Clinical Chemistry, 54(5):866-873(2008)). There are seven sites

of possible glycosylation confined to a 36-amino acid region within the N terminal

portion of the peptide (from amino acid 36 through 71). Antibodies generated to this

region may or may not bind to samples containing analyte human proBNP or NT-

proBNP, depending on: 1) the immunogen used to raise the antibody; and 2) whether or

not the analyte is glycosylated. Optional assays for human proBNP and NT-proBNP

should use antibodies that avoid these regions.

In view thereof, there is a need in the art for new assays for quantifying the

amount of human BNP, particularly assays having reduced cross-reactivity with other



forms of the peptide, and especially as any clinical significance of variance in their

individual circulating concentrations (e.g., vis-a-vis other forms) becomes understood.

The present disclosure seeks to provide new assays and methods. The present

disclosure also seeks to provide a kit for use in such assays and methods. The methods

and kit can be used in qualitative or quantitative assays for human BNP, including

assays carried out to assess the severity of cardiovascular disease, monitor progression

of cardiovascular disease, or assess risk of progression of cardiovascular disease.

These and other objects and advantages, as well as other additional features, will

become apparent from the detailed description provided herein.

SUMMARY

In one aspect, the present disclosure relates to a method for quantifying the

amount of hBNP present in a test sample being tested for or suspected of containing

hBNP, wherein the method exhibits reduced cross-reactivity with any human pro B-

type natriuretic peptide ("human proBNP") present in the test sample. The method

comprising the steps of:

(a) contacting at least one capture antibody that binds to hBNP and that has

been immobilized onto a solid phase to produce an immobilized antibody with said test

sample to form a first mixture comprising an at least one capture antibody-hBNP

complex, wherein said capture antibody comprises one or more antibodies having an

equilibrium dissociation constant (KD) of between about 3.0 x 10 7 and about 1.0 x 10 13

M;

(b) contacting said first mixture comprising the at least one capture antibody-

hBNP complex with at least one detection antibody that binds to hBNP and that has

been conjugated to a detectable label to form a second mixture comprising at least one

capture antibody-hBNP-at least one detection antibody complex, wherein the detection

antibody comprises one or more antibodies having an equilibrium dissociation constant

(KD) of between about 3.0 x 10 7 and about 1.0 x 10 13 M; and

(c) determining the amount of the at least one capture antibody-hBNP-at least

one detection antibody complex formed in step (b) by detecting the detectable label as a

measure of the amount of hBNP contained in the test sample,



wherein the at least one capture antibody and the at least one detection antibody,

when used together, exhibit a cross-reactivity of less than about 20% with any human

proBNP present in the test sample. The method further optionally comprises a wash

step after step (a), step (b), or step (a) and step (b).

More specifically, in the above immunoassay, the at least one capture antibody

and the at least one detection antibody, when used together, exhibit a cross-reactivity of

less than about 15% with any human proBNP present in the test sample. Even more

specifically, in the above immunoassay, the at least one capture antibody and the at

least one detection antibody, when used together, exhibit a cross-reactivity of less than

about 10% with any human proBNP present in the test sample.

Moreover, the capture antibody (e.g., the first capture antibody) and the

detection antibody used in the immunoassays of the present disclosure can have an

equilibrium dissociation constant of between about 2.5 x 10 7 and about 5.O x 10 13 M,

or between about 2.0 x 10 7 and about 1.0 x 10 12 M. The capture antibody (e.g., the

first capture antibody) and the detection antibody can be a monoclonal antibody, a

multispecific antibody, a human antibody, a fully humanized antibody, a partially

humanized antibody, an animal antibody, a recombinant antibody, a chimeric antibody,

a single-chain Fv, a single chain antibody, a single domain antibody, a Fab fragment, a

F(ab')2 fragment, a disulfϊde-linked Fv, an anti-idiotypic antibody, or a functionally

active epitope-binding fragment thereof. Examples of antibodies that can be used as a

first capture antibody include, but are not limited to, 106.3, BC203, Ml, Clone 3 (3-

631-436), AMI, AM5, AM8, 8.1 and 201.3. Examples of antibodies that can be used

as a first detection antibody include, but are not limited to, 106.3, BC203, Ml, Clone 3

(3-631-436), AMI, AM5, AM8, 8.1 and 201.3. Preferably, the capture antibody is

Clone 3 (3-63 1-436). Preferably, the detection antibody is AMI or 8.1.

In another aspect, the present disclosure relates to a method for quantifying the

amount of hBNP present in a test sample being tested for or suspected of containing

hBNP, wherein the method exhibits reduced cross-reactivity with any human proBNP

present in the test sample. The method comprising the steps of:

(a) contacting said test sample with at least one detection antibody that binds to

hBNP and that has been conjugated to a detectable label to form a first mixture

comprising an at least one hBNP-detection antibody complex, wherein the detection



antibody comprises one or more antibodies having an equilibrium dissociation constant

(K D) of between about 3.O x 10 7 and about 1.0 x 10 13 M;

(b) contacting said first mixture comprising said at least one hBNP-detection

antibody complex with at least one capture antibody that binds to hBNP and that has

been immobilized on to a solid phase to produce an immobilized antibody to form a

second mixture comprising an at least one capture antibody-hBNP-at least one

detection antibody complex, wherein said at least one capture antibody comprises one

or more antibodies having an equilibrium dissociation constant (KD) of between about

3.0 x 10 7 and about 1.0 x 10 13 M; and

(c) determining the amount of the at least one detection antibody-hBNP-at least

one capture antibody complex formed in step (b) by detecting the detectable label as a

measure of the amount of hBNP contained in the test sample,

wherein the at least one detection antibody and the at least one capture antibody,

when used together, exhibit a cross-reactivity of less than about 20% with any human

proBNP present in the test sample. The method further optionally comprises a wash

step after step (b).

More specifically, in the above immunoassay, the at least one detection

antibody and the at least one capture antibody, when used together, exhibit a cross-

reactivity of less than about 15% with any human proBNP present in the test sample.

Even more specifically, in the above immunoassay, the at least one detection antibody

and the at least one capture antibody, when used together, exhibit a cross-reactivity of

less than about 10% with any human proBNP present in the test sample.

Moreover, the detection antibody and the capture antibody used in the

immunoassays of the present disclosure can each have an equilibrium dissociation

constant of between about 2.5 x 10 7 and about 5.0 x 10 13 M, or between about 2.0 x

10 7 and about 1.0 x 10 12 M. The detection antibody and capture antibody can be a

monoclonal antibody, a multispecific antibody, a human antibody, a fully humanized

antibody, a partially humanized antibody, an animal antibody, a recombinant antibody,

a chimeric antibody, a single-chain Fv, a single chain antibody, a single domain

antibody, a Fab fragment, a F(ab')2 fragment, a disulfϊde-linked Fv, an anti-idiotypic

antibody, or a functionally active epitope-binding fragment thereof. Examples of

antibodies that can be used as a first capture antibody include, but are not limited to,



106.3, BC203, Ml, Clone 3 (3-631-436), AMI, AM5, AM8, 8.1 and 201.3. Examples

of antibodies that can be used as a first detection antibody include, but are not limited

to, 106.3, BC203, Ml, Clone 3 (3-631-436), AMI, AM5, AM8, 8.1 and 201.3.

In another aspect, the present disclosure relates to a method for quantifying the

amount of hBNP present in a test sample being tested for or suspected of containing

hBNP, wherein the method exhibits a reduced cross-reactivity with any human proBNP

present in the test sample. The method comprising the steps of:

(a) contacting a test sample with at least one capture antibody that binds to

hBNP and that has been immobilized onto a solid phase to produce an immobilized

antibody and with at least one detection antibody that binds to hBNP and that has been

conjugated to a detectable label to form an at least one capture antibody-hBNP-at least

one detection antibody complex, wherein the at least one capture antibody and the at

least one detection antibody are each one or more antibodies having an equilibrium

dissociation constant (K D) of between about 3.0 x 10 7 and about 1.0 x 10 13 M; and

(b) determining the amount of the at least one capture antibody-hBNP- at least

one detection antibody complex formed in step (a) by detecting the detectable label as a

measure of the amount of hBNP contained in the test sample,

wherein the at least one capture antibody and the at least one detection antibody

conjugated to the detectable label, when used together, exhibit a cross-reactivity of less

than about 20% with any human proBNP present in the test sample. The method

further optionally comprises a wash step after step (a).

More specifically, in the above immunoassay, the at least one capture antibody

and the at least one detection antibody, when used together, exhibit a cross-reactivity of

less than about 15% with any human proBNP present in the test sample. Even more

specifically, in the above immunoassay, the at least one capture antibody and the at

least one detection antibody, when used together, exhibit a cross-reactivity of less than

about 10% with any human proBNP present in the test sample.

Moreover, each of the capture antibody and detection antibody used in the

immunoassays of the present disclosure can have an equilibrium dissociation constant

ranging from between about 2.5 x 10 7 and about 5.O x 10 13 M, or between about 2.0 x

10 7 and about 1.0 x 10 12 M. The capture antibody and detection antibody can be one

or more antibodies. The capture antibody and detection antibody can be a monoclonal



antibody, a multispecific antibody, a human antibody, a fully humanized antibody, a

partially humanized antibody, an animal antibody, a recombinant antibody, a chimeric

antibody, a single-chain Fv, a single chain antibody, a single domain antibody, a Fab

fragment, a F(ab')2 fragment, a disulfϊde-linked Fv, an anti-idiotypic antibody, or a

functionally active epitope-binding fragment thereof. Examples of antibodies that can

be used as a first capture antibody include, but are not limited to, 106.3, BC203, Ml,

Clone 3 (3-631-436), AMI, AM5, AM8, 8.1 and 201.3. Examples of antibodies that

can be used as a first detection antibody include, but are not limited to, 106.3, BC203,

Ml, Clone 3 (3-631-436), AMI, AM5, AM8, 8.1 and 201.3.

In another aspect, the present disclosure relates to a method for quantifying the

amount of hBNP present in a test sample being tested for or suspected of containing

hBNP, wherein the method exhibits a reduced cross-reactivity with any human proBNP

or human NT-proBNP present in the test sample. The method comprising the steps of:

(a) contacting at least one capture antibody that binds to hBNP and that has

been immobilized onto a solid phase to produce an immobilized antibody with said test

sample to form a first mixture comprising an at least one capture antibody-hBNP

complex, wherein said capture antibody comprises one or more antibodies having an

equilibrium dissociation constant (K D) of between about 3.0 x 10 7 and about 1.0 x 10 13

M;

(b) contacting said first mixture comprising the at least one capture antibody-

hBNP complex with at least one detection antibody that binds to hBNP and that has

been conjugated to a detectable label to form a second mixture comprising at least one

capture antibody-hBNP-at least one detection antibody complex, wherein the detection

antibody comprises one or more antibodies having an equilibrium dissociation constant

(KD) of between about 3.O x I O 7 and about 1.0 x 10 13 M; and

(c) determining the amount of the at least one capture antibody-hBNP-at least

one detection antibody complex formed in step (b) by detecting the detectable label as a

measure of the amount of hBNP contained in the test sample,

wherein the at least one capture antibody and the at least one detection antibody,

when used together, exhibit a cross-reactivity of less than about 20% with any human

proBNP or human NT-proBNP present in the test sample. The method further

optionally comprises a wash step after step (a), step (b), or step (a) and step (b).



More specifically, in the above immunoassay, the at least one capture antibody

and the at least one detection antibody, when used together, exhibit a cross-reactivity of

less than about 15% with any human proBNP or human NT-proBNP present in the test

sample. Even more specifically, in the above immunoassay, the at least one capture

antibody and the at least one detection antibody, when used together, exhibit a cross-

reactivity of less than about 10% with any human proBNP or human NT-proBNP

present in the test sample.

Moreover, the capture antibody (e.g., the first capture antibody) and the

detection antibody used in the immunoassays of the present disclosure can have an

equilibrium dissociation constant of between about 2.5 x 10 7 and about 5.O x 10 13 M,

or between about 2.0 x 10 7 and about 1.0 x 10 12 M. The capture antibody (e.g., the

first capture antibody) and the detection antibody can be a monoclonal antibody, a

multispecific antibody, a human antibody, a fully humanized antibody, a partially

humanized antibody, an animal antibody, a recombinant antibody, a chimeric antibody,

a single-chain Fv, a single chain antibody, a single domain antibody, a Fab fragment, a

F(ab')2 fragment, a disulfide-linked Fv, an anti-idiotypic antibody, or a functionally

active epitope-binding fragment thereof. Examples of antibodies that can be used as a

first capture antibody include, but are not limited to, 106.3, BC203, Ml, Clone 3 (3-

631-436), AMI, AM5, AM8, 8.1 and 201.3. Examples of antibodies that can be used

as a first detection antibody include, but are not limited to, 106.3, BC203, Ml, Clone 3

(3-631-436), AMI, AM5, AM8, 8.1 and 201.3. Preferably, the capture antibody is

Clone 3 (3-631-436). Preferably, the detection antibody is AMI or 8.1.

In another aspect, the present disclosure relates to a method for quantifying the

amount of hBNP present in a test sample being tested for or suspected of containing

hBNP, wherein the method exhibits a reduced cross-reactivity with any human proBNP

or human NT-proBNP present in the test sample. The method comprising the steps of:

(a) contacting a test sample (e.g., being tested for or suspected of containing

hBNP) with at least one detection antibody that binds to hBNP and that has been

conjugated to a detectable label to form a first mixture comprising an at least one

hBNP-detection antibody complex, wherein the at least one detection antibody

comprises one or more antibodies having an having an equilibrium dissociation

constant of between about 3.0 x 10 7 and about 1.0 x 10 13 M;



(b) contacting the first mixture containing said hBNP-at least one detection

antibody complex with at least one capture antibody that binds to hBNP and that has

been immobilized on to a solid phase to produce an immobilized antibody to form a

second mixture comprising an at least one capture antibody-hBNP-at least one

detection antibody complex, wherein said at least one capture antibody comprises one

or more antibodies having an having an equilibrium dissociation constant of between

about 3.0 x 10 7 and about 1.0 x 10 13 M; and

(c) determining the amount of the at least one capture antibody-hBNP-at least

one detection antibody complex formed in step (b) by detecting the detectable label as a

measure of the amount of hBNP contained in the test sample,

wherein the detection antibody and the capture antibody, when used together,

exhibit a exhibit a cross-reactivity of less than about 20% with any human proBNP or

human NT-proBNP present in the test sample. The method further optionally

comprises a wash step after step (b).

More specifically, in the above immunoassay, the at least one capture antibody

and the at least one detection antibody, when used together, exhibit a cross-reactivity of

less than about 15% with any human proBNP or human NT-proBNP present in the test

sample. Even more specifically, in the above immunoassay, the at least one capture

antibody and the at least one detection antibody, when used together, exhibit a cross-

reactivity of less than about 10% with any human proBNP or human NT-proBNP

present in the test sample.

Moreover, the detection antibody and the capture antibody used in the

immunoassays of the present disclosure can each have an equilibrium dissociation

constant of between about 2.5 x 10 7 and about 5.0 x 10 13 M, or between about 2.0 x

10 7 and about 1.0 x 10 12 M. The detection antibody and capture antibody can be a

monoclonal antibody, a multispecific antibody, a human antibody, a fully humanized

antibody, a partially humanized antibody, an animal antibody, a recombinant antibody,

a chimeric antibody, a single-chain Fv, a single chain antibody, a single domain

antibody, a Fab fragment, a F(ab')2 fragment, a disulfide-linked Fv, an anti-idiotypic

antibody, or a functionally active epitope-binding fragment thereof. Examples of

antibodies that can be used as a detection antibody and capture antibody include, but

are not limited to, 106.3, BC203, Ml, Clone 3, AMI, AM5, AM8, 8.1 and 201.3.



In yet another aspect, the present disclosure relates to a method for quantifying

the amount of hBNP present in a test sample being tested for or suspected of containing

hBNP, wherein the method exhibits a reduced cross-reactivity with any human

proBNP or human NT-proBNP present in the test sample. The method comprising the

steps of:

(a) contacting a test sample (e.g., a sample suspected of containing hBNP) with

at least one capture antibody that binds to hBNP and that has been immobilized onto a

solid phase to produce an immobilized antibody and with at least one detection

antibody that binds to hBNP and that has been conjugated to a detectable label to form

an at least one capture antibody-hBNP-at least one detection antibody complex,

wherein the at least one capture antibody and the at least one detection antibody are

each one or more antibodies having an equilibrium dissociation constant of between

about 3.0 x 10 7 and about 1.0 x 10 13 M; and

(b) determining the amount of the at least one capture antibody-hBNP-at least

one detection antibody complex formed in step (a) by detecting the detectable label as a

measure of the amount of hBNP contained in the test sample,

wherein the capture antibody and the detection antibody, when used together,

exhibit a exhibit a cross-reactivity of less than about 20% with any human proBNP or

human NT-proBNP present in the test sample. The method further optionally comprises

a wash step after step (a).

More specifically, in the above immunoassay, the at least one capture antibody

and the at least one detection antibody, when used together, exhibit a cross-reactivity of

less than about 15% with any human proBNP or human NT-proBNP present in the test

sample. Even more specifically, in the above immunoassay, the at least one capture

antibody and the at least one detection antibody, when used together, exhibit a cross-

reactivity of less than about 10% with any human proBNP or human NT-proBNP

present in the test sample.

Moreover, each of the capture antibody and detection antibody used in the

methods of the present disclosure can have an equilibrium dissociation constant ranging

from between about 2.5 x 10 7 and about 5.O x 10 13 M, or between about 2.0 x 10 7 and

about 1.0 x 10 12 M. The capture antibody and detection antibody can be one or more

antibodies. The capture antibody and detection antibody can be a monoclonal antibody,



a multispecific antibody, a human antibody, a fully humanized antibody, a partially

humanized antibody, an animal antibody, a recombinant antibody, a chimeric antibody,

a single-chain Fv, a single chain antibody, a single domain antibody, a Fab fragment, a

F(ab')2 fragment, a disulfϊde-linked Fv, an anti-idiotypic antibody, or a functionally

active epitope-binding fragment thereof. Examples of antibodies that can be used as a

capture antibody and a detection antibody include, but are not limited to, 106.3, BC203,

Ml, Clone 3, AMI, AM5, AM8, 8.1 and 201.3.

In yet another embodiment according to the disclosure herein, provided is a

method for determining the molar ratio or weight ratio of the amount of human proBNP

to human BNP or human BNP to human proBNP in a test sample. The method

comprises:

(a) determining the amount of hBNP in a test sample by an appropriate

method (e.g., according to an immunoassay of the disclosure);

(b) determining the amount of human proBNP in said sample by any

appropriate method (e.g., the method as described in Example 2); and

(c) determining the molar ratio or weight ratio of the amount of human

proBNP to human BNP or human BNP to human proBNP in said sample.

Optionally in such a method, the molar ratio of human proBNP/hBNP ranges from

about 1.0 to about 50.0, especially from about 1.20 to about 45.0. Additionally, in such

method, the weight ratio of human proBNP/hBNP ranges from about 2.0 to about

150.0, especially from about 4.0 to about 145.0. Optionally, in such a method, the

molar ratio of human BNP/human proBNP ranges from about 0.02 to about 0.72.

Additionally, in such method, the weight ratio of human BNP/human proBNP ranges

from about 0.007 to about 0.21.

In yet another embodiment according to the disclosure herein, provided is a

method of determining the severity of cardiovascular disease in a subject. The method

can comprise the steps of:

(a) providing a test sample from a subject;

(b) determining the amount of hBNP in the test sample by an appropriate

method (e.g., according to an immunoassay of the disclosure);

(c) determining the amount of human proBNP in said sample by any

appropriate method (e.g., the method as described in Example 2);



(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample; and

(e) correlating the molar ratio or weight ratio with severity of cardiovascular

disease in the subject, wherein if the ratio is lower than a predetermined level the

subject is determined to have increased severity of cardiovascular disease, and if the

ratio is higher than a predetermined level the subject is determined to have reduced

severity of cardiovascular disease.

In the above method, the cardiovascular disease can be coronary artery disease,

peripheral vascular disease, hypertension, myocardial infarction or heart failure, among

others.

In yet another embodiment according to the disclosure herein, provided is a

method of monitoring the progression of cardiovascular disease in a subject, the

method comprising the steps of:

(a) providing a test sample from a subject;

(b) determining the amount of hBNP in the test sample by an appropriate

method (e.g., according to an immunoassay of the disclosure);

(c) determining the amount of human proBNP in said sample by any

appropriate method (e.g., the method as described in Example 2);

(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample; and

(e) correlating the molar ratio or weight ratio with progression of disease in the

subject wherein the ratio is lower as compared to that in an earlier test sample from the

subject with progression, and the ratio is unaltered or higher as compared to that in an

earlier test sample from the subject with non-progression or improvement of

cardiovascular disease.

In the above method, the monitoring is done optionally following treatment for

the cardiovascular disease, or prior to treatment (e.g., where the monitoring is done to

assist with therapeutic decision such as when to initiate treatment).

An example of a subject that exhibits one or more clinical indicia associated

with cardiovascular disease is a subject having a mutation in their corin or furin genes.



In still yet another aspect, the present disclosure relates to a method to identify a

subject that would benefit from natriuretic peptide derivative treatment for

cardiovascular disease. The method comprises the steps of:

(a) obtaining a test sample from the subject that exhibits one or more clinical

indicia associated with cardiovascular disease;

(b) determining the amount of hBNP in the test sample by an appropriate

method (e.g., according to an immunoassay of the disclosure);

(c) determining the amount of human proBNP in said sample by any

appropriate method (e.g., the method as described in Example 2);

(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample;

(e) determining whether the molar ratio or weight ratio determined in step (d) is

higher or lower than a predetermined level; and

(f) identifying whether the subject would benefit from natriuretic peptide

derivative treatment based on the determination in step (e). Specifically, if the ratio

determined in step (d) is lower as compared to the predetermined level, the subject

would be identified as a subject that would not benefit from natriuretic peptide

derivative treatment. However, if the ratio determined in step (d) is higher than the

predetermined level, then the subject would be identified as a subject that would benefit

from natriuretic peptide derivative treatment. An example of a human natriuretic

peptide derivative that could be used to treat a subject is nesiritide.

In still yet another embodiment according to the disclosure herein, provided is a method

of determining if a subject has suffered a cardiovascular complication as a result of

administration to said subject of one or more pharmaceutical compositions. Such a

method can comprise the steps of:

(a) obtaining a first test sample from the subject before the subject has been

administered one or more pharmaceutical compositions;

(b) determining the amount of hBNP in the test sample by an appropriate

method (e.g., according to an immunoassay of the disclosure);

(c) determining the amount of human proBNP in said sample by any

appropriate method (e.g., the method as described in Example 2);



(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample;

(e) obtaining a second test sample from the subject after the subject has been

administered one or more pharmaceutical compositions;

(f) determining the amount of hBNP in the second test sample by an

appropriate method (e.g., according to an immunoassay of the disclosure);

(g) determining the amount of human proBNP in said second test sample by

any appropriate method (e.g., the method as described in Example 2);

(h) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said second test sample; and

(i) comparing the molar ratio or weight ratio determined in step (d) with the

molar or weight ratio in step (h). Specifically, if the molar ratio or weight ratio

determined in step (d) is unchanged when compared to the molar ratio or weight ratio

determined in step (h), then the subject is determined not to have suffered a

cardiovascular complication as a result of the administration of one or more

pharmaceutical compositions. If the molar ratio or weight ratio determined in step (d)

is changed (either higher or lower) when compared to the molar ratio or weight ratio

determined in step (h), then the subject is determined to have suffered a cardiovascular

complication as a result of the administration of one or more pharmaceutical

compositions.

In still yet another aspect, the present disclosure relates to an improvement of a

method for detecting the presence of human B-type natriuretic peptide ("hBNP") in a

test sample. The method comprises the steps of:

(a) contacting a test sample suspected of containing hBNP with at least one

capture antibody specific for said hBNP for a time and under conditions that allow the

formation of an hBNP/antibody complex; and

(b) detecting any hBNP/antibody complex formed with use of at least one

detection antibody as indicating the presence of said hBNP,

where the improvement comprises employing as said at least one capture

antibody and said at least one detection antibody, antibodies that, when used together,

exhibit a cross-reactivity of less than about 20% with any human pro B-type natriuretic

peptide ("human proBNP").



In still yet another aspect, the present disclosure relates to an immunodiagnostic

reagent. The present disclosure comprises at least one capture antibody and at least one

detection antibody specific for human B-type natriuretic peptide ("hBNP"), and that,

when used together, exhibit a cross-reactivity of less than about 20% with any human

pro B-type natriuretic peptide ("human proBNP"). The capture antibody and detection

antibody can have an equilibrium dissociation constant (K D) of between about 2.5 x 10

7 and about 5.0 x 10 13 M, or between about 2.0 x 10 7 and about 1.0 x 10 12 M.

Preferably, the capture antibody is 3-631-436 and the detection antibody is AMI or 8.1.

In still yet another aspect, the present disclosure relates to a kit for the detection

of human B-type natriuretic peptide ("hBNP") in a test sample. The kit comprises:

(a) instructions for conducting the assay of the test sample; and

(b) an immunodiagnostic reagent that comprises at least one capture antibody

and at least one detection antibody specific for human B-type natriuretic peptide

("hBNP"), and that, when used together, exhibit a cross-reactivity of less than about

20% with any human pro B-type natriuretic peptide ("human proBNP").

DESCRIPTION OF THE FIGURES

Figure 1 shows typical calibrations curves generated using hBNP peptide based

calibrators and four selected BNP assays according to the immunoassays performed

according to Example 1. In this Figure 1, -■ - represents the 3-63 1-436

microparticle/ 106.3 AMI conjugate; -A- represents the 106.3 AMI microparticle/8.1

conjugate; -♦- represents the 3-631-436 microparticle/8.1 conjugate; and * represents

the 106.3 AMI microparticle/Ml conjugate.

Figure 2 shows the mean % Recovery of spiked human proBNP peptide

according to the immunoassays performed according to Example 1. In this Figure 2,

the solid black box represents 3-631-436 microparticle/ 106.3 AMI conjugate; the

checkered box represents the 106.3AMl microparticle/8.1 conjugate; the dotted box

represents 3-631-436 microparticle/8.1 conjugate; and the hatched box represents the

106.3 AMI microparticle/Ml conjugate.

Figure 3 shows a typical calibration curve generated using human proBNP

peptide based calibrators according to the immunoassay performed according to



Example 2 . In this Figure 3, -♦- represents the 106.3 AMI microparticle/ 18 H5

conjugate.

Figure 4 shows a plot of hBNP versus human proBNP concentrations as

performed according to Example 4 .

DETAILED DESCRIPTION

The present disclosure relates to immunoassays for quantifying the amount of

human B-type natriuretic peptide ("hBNP") present in a test sample being tested for or

suspected of containing hBNP. Specifically, the immunoassays of the present

disclosure exhibit reduced cross-reactivity with any human proB-type natriuretic

peptide ("human proBNP"). In another embodiment, the present disclosure relates to

immunoassays for quantifying the amount of hBNP in a test sample wherein the

immunoassays exhibit reduced cross-reactivity with any human proBNP or with any

human N-terminal proB-type natriuretic peptide ("human NT-proBNP"). In yet

another embodiment, the present disclosure relates to a method of determining the ratio

of human proBNP to the amount of hBNP in a test sample. In still yet another

embodiment, the present disclosure relates to a method of determining the severity or

progression of disease in a subject. In still yet another aspect, the present disclosure

relates to a method of identifying an agent for treating cardiovascular disease in a

subject in need of treatment thereof.

A. Definitions

As used herein, the singular forms "a," "an" and "the" include plural referents

unless the context clearly dictates otherwise. For the recitation of numeric ranges

herein, each intervening number there between with the same degree of precision is

explicitly contemplated. For example, for the range 6-9, the numbers 7 and 8 are

contemplated in addition to 6 and 9, and for the range 6.0-7.0, the numbers 6.0, 6.1, 6.2,

6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9 and 7.0 are explicitly contemplated.

a) Antibody

As used herein, the terms "antibody" and "antibodies" refer to monoclonal

antibodies, multispecific antibodies, human antibodies, humanized antibodies (fully or

partially humanized), animal antibodies (in one aspect, a bird (for example, a duck or



goose), in another aspect, a shark or whale, in yet another aspect, a mammal, including

a non-primate (for example, a cow, pig, camel, llama, horse, goat, rabbit, sheep,

hamsters, guinea pig, cat, dog, rat, mouse, etc) and a non-human primate (for example,

a monkey, such as a cynomologous monkey, a chimpanzee, etc)), recombinant

antibodies, chimeric antibodies, single-chain Fvs (scFv), single chain antibodies, single

domain antibodies, Fab fragments, F(ab') fragments, Fab" fragments, disulfide-linked

Fvs (sdFv), and anti-idiotypic (anti-Id) antibodies (including, for example, anti-Id

antibodies to antibodies of the present disclosure), and functionally active epitope-

binding fragments of any of the above. In particular, antibodies include

immunoglobulin molecules and immunologically active fragments of immunoglobulin

molecules, namely, molecules that contain an antigen binding site. Immunoglobulin

molecules can be of any type (for example, IgG, IgE, IgM, IgD, IgA and IgY), class

(for example, IgGi, IgG , IgG , IgG , IgAi and IgA ) or subclass.

b) 8.1

As used herein, "8.1" refers to a monoclonal antibody or derivatives thereof

produced by hybridoma cell line 8.1 which has been deposited with the American Type

Culture Collection (A.T.C.C.) on February 21, 1996 and assigned A.T.C.C. Accession

No. HB-12056. 8.1 and methods for making 8.1 are described in U.S. Patent No.

6,162,902. 8.1 binds to an epitope comprising amino acid residues 26-32 on hBNP.

c) 106.3

As used herein, "106.3" refers to a monoclonal antibody or derivatives thereof

produced by hybridoma cell line 106.3 which has been deposited with the A.T.C.C. on

February 14, 1996 and assigned A.T.C.C. Accession No. HB-12044. 106.3 and

methods for making 106.3 are described in U.S. Patent No. 6,162,902. 106.3 binds to

an epitope comprising amino acid residues 5-13 on hBNP. Two different equilibrium

dissociation constants (K D) have been reported for 106.3 namely, an equilibrium

dissociation constant of about 0.32 x 10 9 M and an equilibrium dissociation constant of

about 1.O x I O M.

d) 201.3

As used herein, "201 .3" refers to a monoclonal antibody or derivatives thereof

produced by hybridoma cell line 201.3 which has been deposited with the A.T.C.C. on

February 14, 1996 and assigned A.T.C.C. Accession No. HB-12045. 201.3 and



methods for making 201.3 are described in U.S. Patent No. 6,162,902. 201.3 binds to

an epitope comprising amino acid residues 1-10 on hBNP.

e) AMI

As used herein, "AMI" or "106.3 AMI", "AMI 106.3" or "106.3 Ll B24/H2

288" refers to a monoclonal antibody or derivatives thereof produced by hybridoma cell

line 106.3 Ll B24/H2 288 which was deposited with the A.T.C.C. on September 20,

2005 and assigned A.T.C.C. Accession No. PTA-6987. AMI and methods for making

AMI are described in U.S. Patent Application No. 11/595,625, filed on November 9,

2006. AMI binds to an epitope comprising amino acid residues 5-13 on hBNP. Two

different equilibrium dissociation constants (K D) have been reported for AMI, namely,

an equilibrium dissociation constant of about 0.14 x 10 9 M and an equilibrium

dissociation constant of about 1.9 x 10 12 M.

f) AM5

As used herein, "AM5" refers to an antibody or derivatives thereof produced by

Chinese Hamster Ovary (CHO) cell line AM5 (also known as BNP3-63 1-

436AM5CHO893-214) which was deposited with the A.T.C.C. on April 24, 2007 and

assigned A.T.C.C. Accession No. PTA-8369. AM5 and methods for making AM5 are

described in U.S. Patent Application No. 11/745,963, filed on May 8, 2007. The

equilibrium dissociation constant of AM5 is about 1.4 x 10 10 M. AM5 binds to an

epitope comprising amino acid residues 13-18 on hBNP.

g) AM8

As used herein, "AM8" refers to an antibody or derivatives thereof produced by

Chinese Hamster Ovary (CHO) cell line AM8 (also known as BNP3-631-

436AM8CHO974-21 1) which was deposited with the A.T.C.C. on April 24, 2007 and

assigned A.T.C.C. Accession No. PTA-8368. AM8 and methods for making AM8 are

described in U.S. Patent Application No. 11/745,963, filed on May 8, 2007. The

equilibrium dissociation constant of AM8 is about 1.0 x 10 10 M. AM8 binds to an

epitope comprising amino acid residues 13-18 on hBNP.

h) BC203

As used herein, "BC203" refers to a monoclonal antibody or derivatives thereof

produced by hybridoma cell line BC203, which has been deposited with the

Fermentation Research Institute at 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken on



August 20, 1991 and assigned Accession No. FERM BP-3515. BC203 and methods for

making BC203 are described in U.S. Patent No. 6,677,124. BC203 binds to an epitope

comprising amino acid residues 26-32 on hBNP. Two different equilibrium

dissociation constants (KD) have been reported for BC203, namely, an equilibrium

dissociation constant of about 3.1 x 10 8 M and an equilibrium dissociation constant of

about 1.3 x 10 9 M.

i) Clone 3 or BNP 3-631-436

"Clone 3", "BNP 3-631-436 ms," "3-631-436" or "antibody 3-631-436" as used

interchangeably herein, each refer to a monoclonal antibody or derivatives thereof

produced by hybridoma cell line 3-63 1-436 which was deposited with the A.T.C.C. on

December 21, 2004 and assigned A.T.C.C. Accession No. PTA-6476. Clone 3 and

methods for making Clone 3 are described in U.S. Patent Publication 2006/0183154

published on August 17, 2006. Clone 3 binds to an epitope comprising amino acid

residues 13-18 on hBNP. The equilibrium dissociation constant of Clone 3 is about 3.7

x 10 10 M .

j ) M l

As used herein "Ml" refers to a monoclonal antibody produced by hybridoma

cell line M l which is commercially available from Strategic Diagnostics, Newark,

Delaware (Catalog Number B91 OSMDO 1-DO). M l binds to the carboxy (C) terminus

on hBNP. The reported equilibrium dissociation constant of M l is about 1.7 x 10 7 M.

k) Association Rate

As used herein, the term "association rate", "kon" or "ka" as used

interchangeably herein, refers to the value indicating the binding strength (degree) of an

antibody to its target antigen or the rate of complex formation between mAb and

antigen as shown by the below:

Antibody (Ab) + Antigen (Ag) Ab-Ag

Methods for determining association constants (ka) are well known in the art.

For example, a BIAcore® (biomolecular interaction analysis) assay can be used (e.g.,

instrument available from BIAcore International AB, a GE Healthcare company,

Uppsala, Sweden). Additionally, a KinExA® (Kinetic Exclusion Assay) assay,

available from Sapidyne Instruments (Boise, Idaho) can also be used.

1) Cardiovascular Complication



As used herein, the phrases "cardiovascular complication" or "suffering from a

cardiovascular complication" as used interchangeably herein, refer to any

cardiovascular disease or event. To the extent that a cardiovascular disease or event

causes a secondary complication (e.g., pulmonary congestion or congested lung), such

a secondary complication is also considered to be encompassed by the phrase

"cardiovascular complication". A cardiovascular complication can be either

"compensated" (e.g., compensated meaning that the regular oxygen need of the body of

the subject can still be satisfied) or "decompensated" (e.g., decompensated meaning

that the regular oxygen need of the body of the subject is not presently being satisfied).

Also, phrases "cardiovascular complication" or "suffering from a cardiovascular

complication" include deterioration of a pre-existing cardiovascular complication.

m) Cardiovascular Disease

As used herein, the phrase "cardiovascular disease" refers to various clinical

diseases, disorders or conditions involving the heart, blood vessels or circulation. The

diseases, disorders or conditions may be due to atherosclerotic impairment of coronary,

cerebral or peripheral arteries. Cardiovascular disease includes, but is not limited to,

coronary artery disease, peripheral vascular disease, hypertension, myocardial

infarction, heart failure, etc. For example, in heart failure, "increased severity" of

cardiovascular disease refers to the worsening of disease as indicated by increased

NYHA classification, to, for example, Class III or Class IV and "reduced severity" of

cardiovascular disease refers to an improvement of the disease as indicated by reduced

NYHA classification, from, for example, class III or IV to class II or I .

n) Clinical Indicia

As used herein, the phrase "clinical indicia" refers to assays, test methods (such

as imaging), standards (such as The New York Heart Association (NYHA)

classification), biophysical measures (such as LDL concentration, HDL concentration,

triglyceride concentration, blood pressure, body mass index, waist circumference, heart

rate, fasting insulin concentration, fasting glucose concentration, diabetes status) and

other biometric parameters (such as, but not limited to, race, gender, age, tobacco

smoking status, previous history of cardiovascular disease, family history of

cardiovascular disease, use of high blood pressure medication etc.) that provide an

indicator of cardiovascular disease.



o) Dissociation Rate

As used herein, the term "dissociation rate", "koff" or "kd" as used

interchangeably herein, refers to the value indicating the dissociation strength (degree)

of an antibody from its target antigen or separation of Ab-Ag complex over time into

free mAb and antigen as shown by the below:

Antibody (Ab) + Antigen (Ag)^-Ab-Ag

Methods for determining dissociation constants (kd) are well known in the art.

For example, a Biacore® (Sweden) assay can be used. Additionally, a KinExA®

(Kinetic Exclusion Assay) assay, available from Sapidyne Instruments (Boise, Idaho)

can also be used.

p) Equilibrium Dissociation Constant

As used herein, the term "equilibrium dissociation constant" or "K D" as used

interchangeably, herein, refers to the value obtained by dividing the dissociation rate

(koff) by the association rate (Ic0n) . The association rate, the dissociation rate and the

equilibrium dissociation constant are used to represent the binding affinity of an

antibody to an antigen.

q) Epitope

As used herein, the term "epitope" or "epitopes" refers to sites or fragments of a

polypeptide or protein having antigenic or immunogenic activity in a subject. An

epitope having immunogenic activity is a site or fragment of a polypeptide or protein

that elicits an antibody response in an animal. An epitope having antigenic activity is a

site or fragment of a polypeptide or protein to which an antibody immunospecifically

binds as determined by any method well-known to those skilled in the art, for example

by immunoassays.

r) Heart Failure

As used herein, the phrase "heart failure" refers to a condition in which the

heart cannot pump blood efficiently to the rest of the body. Heart failure may be due to

damage to the heart or narrowing of the arteries due to infarction, cardiomyopathy

(primary or secondary), hypertension, coronary artery disease, valve disease, birth

defects or infection. Heart failure can further be described as chronic, congestive,

acute, decompensated, systolic or diastolic. The New York Heart Association (NYHA)



classification describes the severity of the disease based on functional capacity of the

patient; NYHA class can progress and/or regress based on treatment or lack of response

to treatment.

s) Human Brain Natriuretic Peptide

As used herein, the terms "human brain natriuretic peptide", "human BNP",

"hBNP", "hBNP-32", "hBNP peptide", "hBNP polypeptide", or "B-type natriuretic

peptide" used interchangeably herein, refer to a 32 amino acid molecule having the

amino acid sequence shown in SEQ ID NO:4. The amino acid sequence shown in SEQ

ID NO:4 is represented by amino acids 77-108 of the 108 amino acid sequence of

human proBNP (SEQ ID NO:2).

t) hBNP Fragment

As used herein, the terms "hBNP fragment" "hBNP-32 fragment", "hBNP

peptide fragment" or "human BNP fragment" as used interchangeably herein refers to a

polypeptide that comprises at least six contiguous amino acids of SEQ ID NO:4. In one

aspect, a hBNP fragment or hBNP peptide fragment refers to a peptide that comprises

at least ten contiguous amino acids residues of SEQ ID NO:4; at least fifteen

contiguous amino acids residues of amino acids of SEQ ID NO:4; at least 20

contiguous amino acids residues of SEQ ID NO:4; at least 25 contiguous amino acids

residues of SEQ ID NO:4, or at least 30 contiguous amino acid residues of amino acids

of SEQ ID NO:4. Examples of hBNP fragments or hBNP peptide fragments include,

but are not limited to, amino acid sequences containing amino acids residues 1-31, 1-

30, 1-29, 1-28, 1-27, 1-26, 1-25, 1-24, 1-23, 1-22, 1-21, 1-20, 1-19, 1-18, 1-17, 1-16, 1-

15, 2-32, 2-31, 2-30, 2-29, 2-28, 2-27, 2-26, 2-25, 2-24, 2-23, 2-22, 2-21, 2-20, 2-19, 2-

18, 2-17, 2-16, 2-15, 2-14, 2-13, 2-12, 2-1 1, 2-10, 2-9, 2-8, 2-7, 3-32, 3-31, 3-30, 3-29,

3-28, 3-27, 3-26, 3-25, 3-24, 3-23, 3-32, 3-21, 3-20, 3-19, 3-18, 3-17, 3-16, 3-15, 3-14,

3-13, 3-12, 3-1 1, 3-10, 3-9, 3-8, 4-32, 4-31, 4-30, 4-29, 4-28, 4-27, 4-26, 4-25, 4-24, 4-

23, 4-22, 4-21, 4-20, 4-19, 4-18, 4-17, 4-16, 4-15, 4-14, 4-13, 4-12, 4-1 1, 4-10, 4-9, 5-

32, 5-31, 5-30, 5-29, 5-28, 5-27, 5-26, 5-25, 5-24, 5-23, 5-22, 5-21, 5-20, 5-19, 5-18, 5-

17, 5-16, 5-15, 5-14, 5-13, 5-12, 5-1 1, 5-10, 6-32, 6-31, 6-30, 6-29, 6-28, 6-27, 6-26, 6-

25, 6-24, 6-23, 6-22, 6-21, 6-20, 6-19, 6-18, 6-17, 6-16, 6-15, 6-14, 6-13, 6-12, 6-1 1, 7-

32, 7-31, 7-30, 7-29, 7-28, 7-27, 7-26, 7-25, 7-24, 7-23, 7-22, 7-21, 7-20, 7-19, 7-18, 7-

17, 7-16, 7-15, 7-14, 7-13, 7-12, 8-32, 8-31, 8-30, 8-29, 8-28, 8-27, 8-26, 8-25, 8-24, 8-



23, 8-22, 8-21, 8-20, 8-19, 8-18, 8-17, 8-16, 8-15, 8-14, 8-13, 9-32, 9-31, 9-30, 9-29, 9-

28, 9-27, 9-26, 9-25, 9-24, 9-23, 9-22, 9-21, 9-20, 9-19, 9-18, 9-17, 9-16, 9-15, 9-14,

10-32, 10-31, 10-30, 10-29, 10-28, 10-27, 10-26, 10-25, 10-24, 10-23, 10-22, 10-21,

10-20, 10-19, 10-18, 10-17, 10-16, 10-15, 11-32, 11-31, 11-30, 11-29, 11-28, 11-27,

11-26, 11-25, 11-24, 11-23, 11-22, 11-21, 11-20, 11-19, 11-18, 11-17 or 11-16 of SEQ

ID NO:4.

u) Human Natriuretic Peptide Analog

As used herein, the phrase "human natriuretic peptide analog" refers to a

biologically active analog of a human natriuretic peptide (e.g., human BNP). For

example, a biologically active human natriuretic peptide analog can be a human

natriuretic peptide with truncations, deletions, insertions, substitutions, replacements,

side chain extensions, and fusion proteins, or combinations of the foregoing which do

not eliminate the biological activity of the original compound. Human natriuretic

peptide analogs can be obtained by various means. For example, certain amino acids

can be substituted for other amino acids in the native natriuretic peptide structure

without eliminating interactive binding capacity. Examples of human natriuretic

peptide analogs and methods for making such analogs are described in U.S. Patent

Application No. 2006/0172933.

v) Human Natriuretic Peptide Conjugate

As used herein, the phrase "human natriuretic peptide conjugate" refers to

human natriuretic peptide or human natriuretic peptide fragment that includes at least

one modifying moiety or at least one reactive entity attached thereto. Modifying

moieties are moieties that modify a human natriuretic peptide or a human natriuretic

peptide fragment (e.g., hBNP or hBNP fragment). Example of modifying moieties

include, but are not limited to, moieties that effect stability, solubility, and/or biological

activity (e.g., hydrophilic polymers or oligomers, amphiphilic polymers or oligomers,

and lipophilic polymers or oligomers), hydrophilic moieties, polyethylene glycol

moieties, biocompatible water soluble moieties, polycationic moieties, amphiphilic

moieties, polyethylene glycol/alkyl modifying moieties, etc. (each of which are

described in U.S. Patent Application No. 2006/0172933).

Human natriuretic peptides or human natriuretic peptide fragments can be

chemically modified (by covalent bonding) by coupling to a reactive entity as described



in U.S. Patent Application No. 2004/0266673. The reactive entity is capable of

forming a covalent bond with a blood component, preferably a blood protein. The

covalent bond is generally formed between the reactive entity and an amino group, a

hydroxyl group, or a thiol group on the blood component. The amino group can form a

covalent bond with reactive entities like carboxy, phosphoryl or acyl; the hydroxyl

group preferably forms a covalent bond with reactive entities like activated esters; and

the thiol group preferably forms a covalent bond with reactive entities like esters or

mixed anhydrides. The preferred blood components are mobile blood components like

serum albumin, immunoglobulins, or combinations thereof, and the preferred reactive

entity comprises anhydrides like maleimide or maleimido-containing groups.

Methods for conjugating a modifying moiety to a base molecules, such as a

human natriuretic peptides (e.g., human BNP) are well known in the art. For example,

strategies for conjugating a modifying moiety to human natriuretic peptide are

disclosed in U.S. Patent Application No. 2006/0172933. Methods for chemically

modifying human natriuretic peptides to a reactive entity are described in U.S. Patent

Application No. 2004/0266673.

w) Human Natriuretic Peptide Derivative

As used herein, the phrase "human natriuretic derivative" refers to a human

natriuretic peptide analog, a human natriuretic peptide conjugate or a recombinant form

of a human natriuretic peptide (e.g., a recombinant form of human BNP (SEQ ID

NO:4) (e.g, nesiritide)).

x) Immunodiagnostic Reagent

As used herein, the term "immunodiagnostic reagent" refers to one or more

antibodies that specifically bind to a region of hBNP.

y) Pharmaceutical Composition

As used herein, the term "pharmaceutical composition" refers to any agent or

drug, whether a small molecule (e.g., a drug containing an active agent) or biologic that

can be used to treat a subject suffering from a disease or condition that requires

treatment. Examples of pharmaceutical compositions, include, but are not limited to,

antineoplastics (chemotherapeutics), antidepressants (e.g., tricyclic antidepressants),

multiple sclerosis drugs, anesthetics, interferons, hormones, HIV-antiviral drugs, etc. as

well as any combinations thereof. Generally, a pharmaceutical composition may be



one that is known or suspected of impacting the cardiovascular system, or one that

unexpectedly or surprisingly impacts the cardiovascular system.

z) Pre-Pro Peptide Precursor of Human BNP

As used herein, the term "pre-pro peptide precursor of human BNP" or "human

pre-proBNP" refers to a 134 amino acid molecule having the amino acid sequence

shown in SEQ ID NO: 1.

aa) Pro Peptide of Human BNP

As used herein, the term "pro peptide of human BNP" or "human proBNP"

refers to a 108 amino acid molecule having the amino acid sequence shown in SEQ ID

NO:2. Human proBNP is derived from human pre-proBNP.

bb) N-Terminal Pro Peptide of Human BNP

As used herein, the term "N-terminal pro peptide of human BNP," "human NT-

pro B-type natriuretic peptide" or "human NT-proBNP" refers to a 76 amino acid

molecule having the amino acid sequence shown in SEQ ID NO:3. Human NT-

proBNP is derived from human proBNP (SEQ ID NO:2).

cc) Subject

As used herein, the terms "subject" and "patient" are used interchangeably,

although a subject of the disclosure herein need not necessarily be undergoing or have

undergone medical treatment at the time of the immunoassay. As used herein, the terms

"subject" and "subjects" refer to an animal, in one aspect, a bird (for example, a duck or

goose), in another aspect, a shark or whale, or in a further aspect, a mammal including,

a non-primate (for example, a cow, pig, camel, llama, horse, goat, rabbit, sheep,

hamsters, guinea pig, cat, dog, rat, and mouse) and a primate (for example, a monkey,

such as a cynomologous monkey, chimpanzee, and a human). Preferably, the subject is

a human.

dd) Test Sample

As used herein, the term "test sample" refers to a biological sample derived

from tissues, serum, plasma, whole blood, lymph, CNS fluid, urine or other bodily

fluids of a subject that is being tested for, and/or may be suspected of containing hBNP.

The test sample can be prepared using routine techniques known to those skilled in the

art.

ee) Readback



The term "readback" refers to the concentration of a given analyte (e.g.,

proBNP) read off a calibration curve (e.g., a BNP calibration curve). Optimally, when

the analyte is not identical to the calibrator (e.g., analyte proBNP and calibrator BNP)

the readback is corrected for the difference in molecular weight.

ff) Reduced Cross-Reactivity

The term "reduced cross-reactivity" as used herein refers to an immunoassay for

human BNP in a test sample that employs one or more antibodies that when used

together exhibit a reduction in any binding to proBNP or NT-proBNP contained in the

test sample, as compared with any other (e.g., at least one, optionally at least two)

human BNP assay and/or human BNP spiking study as known by one skilled in the art.

The reduction can range from about 0.1% to about 20%, optionally from about 1% to

about 20%, about 0.1% to about 15%, about 1% to about 15%, about 0.1% to about

10% or about 1% to about 10%.

gg) Predetermined Level

As used herein, the term "predetermined level" refers generally at an assay

cutoff value that is used to assess diagnostic results by comparing the assay results

against the predetermined level, and where the predetermined level already that has

been linked or associated with various clinical parameters (e.g., severity of disease,

progression/nonprogression/improvement, etc.). The present disclosure provides

exemplary predetermined levels, and describes the initial linkage or association of such

levels with clinical parameters for exemplary immunoassays as described herein.

However, it is well known that cutoff values may vary dependent on the nature of the

immunoassay (e.g., antibodies employed, etc.). It further is well within the ordinary

skill of one in the art to adapt the disclosure herein for other immunoassays to obtain

immunoassay-specific cutoff values for those other immunoassays based on this

description. Whereas the precise value of the predetermined level (cutoff) may vary

between assays, the correlations as described herein should be generally applicable.

B. Immunoassays

As mentioned briefly herein, the present disclosure relates to immunoassays that

can be used for the qualitative detection and/or quantification of hBNP or hBNP

fragment in a test sample. The immunoassays described herein exhibit reduced cross-



reactivity with any human proBNP or human NT-proBNP that may be contained in the

test sample.

The immunoassays of the present disclosure can be conducted using any format

known in the art, such as, but not limited to, a sandwich format.

In certain embodiments of the present disclosure, at least two antibodies are

employed to separate and quantify hBNP or hBNP fragment in a test sample. More

specifically, the at least two antibodies bind to certain epitopes of hBNP or hBNP

fragment forming an immune complex which is referred to as a "sandwich". Generally,

in the immunoassays one or more antibodies can be used to capture the hBNP or hBNP

fragment in the test sample (these antibodies are frequently referred to as a "capture"

antibody or "capture" antibodies) and one or more antibodies can be used to bind a

detectable (namely, quantifiable) label to the sandwich (these antibodies are frequently

referred to as the "detection antibody," "detection antibodies," a "conjugate" or

"conjugates").

The inventors have discovered that excellent immunoassays, particularly,

sandwich assays, can be performed using certain combinations of antibodies as the

capture and detection antibodies. More specifically, the antibodies used in particular

embodiments of the present disclosure as capture and detection antibodies each have an

equilibrium dissociation constant (K D) ranging from between about 3.O x 10 7 and about

1.0 x 10 13 M, between about 2.5 x 10 7 and about 5.O x 10 13 M, or between about 2.0 x

10 7 and about 1.0 x 10 12 M. Examples of antibodies that have an equilibrium

dissociation constant (K D) within the above-described ranges and that can be used as

capture and detection antibodies in the immunoassays of the present disclosure include,

but are not limited to, 106.3, BC203, Clone 3, Ml, AMI, AM5, 201.3, AM8 or 8.1.

Certain capture antibody and conjugate antibody combinations are not preferred

for use together in a sandwich assay as described herein because they share the same or

overlapping epitopes. Groups of antibodies with the same or overlapping epitopes are

shown below in Table A :

Table A



Generally, antibodies in different groups (e.g., arbitrarily designated "A", "B" or "C")

will pair with each other. For example, generally, an antibody from Group A will pair

with an antibody from Group B. In some cases and assay formats, however, it is

possible to use for sandwich formation two antibodies that have overlapping or

contiguous epitopes. In other words, Table A is exemplary only, not intended as

limiting in terms of antibody pairings.

Immunoassays performed as described herein that employ as at least one

capture antibody and at least one detection antibody each having an equilibrium

dissociation constant (KD) ranging from between about 3.O x 10 7 and about 1.0 x 10 13

M, between about 2.5 x 10 7 and about 5.O x 10 13 M, or between about 2.0 x 10 7 and

about 1.0 x 10 12 M and, when said at least one capture antibody and at least one

detection antibody are used together, exhibit reduced cross-reactivity with any human

proBNP that may be present in the test sample. Preferably, the immunoassay exhibits a

cross-reactivity of less than about 20% with any human proBNP that may be present in

the test sample. More preferably, the immunoassay exhibits a cross-reactivity of less

than about 19%, less than about 18%, less than about 17%, less than about 16%, less

than about 15%, less than about 14%, less than about 13%, less than about 12%, less

than about 11%, less than about 10%, less than about 9%, less than about 8%, less than

about 7%, less than about 6%, less than about 5%, less than about 4%, less than about

3%, less than about 2%, or less than about 1% (e.g., such as about 0.1%) with any

human proBNP that may be present in the test sample.

In another embodiment of the disclosure, immunoassays performed as described

herein that employ as at least one capture antibody and at least one detection antibody

each having an equilibrium dissociation constant (KD) ranging from between about 3.0

x 10 7 and about 1.0 x 10 13 M, between about 2.5 x 10 7 and about 5.O x 10 13 M, or

between about 2.0 x 10 7 and about 1.0 x 10 12 M exhibit a reduced cross-reactivity with

an human proBNP or human NT-proBNP that may be present in the test sample.

Preferably, the immunoassay exhibits a cross-reactivity of less than about 20% with

any human proBNP or human NT-proBNP that may be present in the test sample.

More preferably, the immunoassay exhibits a cross-reactivity of less than about 19%,

less than about 18%, less than about 17%, less than about 16%, less than about 15%,



less than about 14%, less than about 13%, less than about 12%, less than about 11%,

less than about 10%, less than about 9%, less than about 8%, less than about 7%, less

than about 6%, less than about 5%, less than about 4%, less than about 3%, less than

about 2%, or less than about 1% with any human proBNP or human NT-proBNP that

may be present in the test sample.

The test sample being tested for (e.g., suspected of containing) hBNP or a hBNP

fragment can be contacted with at least one capture antibody (or antibodies) and at least

one detection antibody (or antibodies) either simultaneously or sequentially and in any

order. For example, the test sample can be first contacted with at least one capture

antibody and then (sequentially) with at least one detection antibody. Alternatively, the

test sample can be first contacted with at least one detection antibody and then

(sequentially) with at least one capture antibody. In yet another alternative, the test

sample can be contacted simultaneously with a capture antibody and a detection

antibody.

In the sandwich assay format, a test sample suspected of containing hBNP or

hBNP fragment is first brought into contact with the at least one first capture antibody

having an equilibrium dissociation constant ranging from between about 3.O x 10 7 and

about 1.0 x 10 13 M, between about 2.5 x 10 7 and about 5.O x 10 13 M, or between about

2.0 x 10 7 and about 1.0 x 10 12 M under conditions which allow the formation of a first

antibody-hBNP complex. If more than one capture antibody is used, a first multiple

capture antibody-hBNP complex is formed. In a sandwich assay, the antibodies,

preferably, the at least one capture antibody, are used in molar excess amounts of the

maximum amount of hBNP or hBNP fragment expected in the test sample. For

example, from about 5 µg/mL to about 1 mg/mL of antibody per mL of buffer (e.g.,

microparticle coating buffer) can be used.

Optionally, prior to contacting the test sample with the at least one capture

antibody (e.g., the first capture antibody), the at least one capture antibody can be

bound to a solid support which facilitates the separation of the first antibody-hBNP

complex from the test sample. Any solid support known in the art can be used,

including but not limited to, solid supports made out of polymeric materials in the

forms of wells, tubes or beads. The antibody (or antibodies) can be bound to the solid

support by adsorption, by covalent bonding using a chemical coupling agent or by other



means known in the art, provided that such binding does not interfere with the ability of

the antibody to bind hBNP or hBNP fragment. Alternatively, the antibody (or

antibodies) can be bound with microparticles that have previously been coated with

streptavidin (for example, using Power-Bind™-SA-MP streptavidin coated

microparticles, available from Seradyn, Indianapolis, Indiana). Alternatively, the

antibody (or antibodies) can be bound using microparticles that have been previously

coated with anti-species specific monoclonal antibodies. Moreover, if necessary, the

solid support can be derivatized to allow reactivity with various functional groups on

the antibody. Such derivatization requires the use of certain coupling agents such as,

but not limited to, maleic anhydride, N-hydroxysuccinimide and l-ethyl-3-(3-

dimethylaminopropyl)carbodiimide.

After the test sample being tested for and/or suspected of containing hBNP or

an hBNP fragment is brought into contact with the at least one capture antibody (e.g.,

the first capture antibody), the mixture is incubated in order to allow for the formation

of a first antibody (or multiple antibody)-hBNP complex. The incubation can be

carried out at a pH of from about 4.5 to about 10.0, at a temperature of from about 2°C

to about 45°C, and for a period from at least about one (1) minute to about eighteen

(18) hours, preferably from about 1 to 20 minutes, most preferably from about 2-4

minutes. The immunoassay described herein can be conducted in one step (meaning

the test sample, at least one capture antibody and at least one detection antibody are all

added sequentially or simultaneously to a reaction vessel) or in more than one step,

such as two steps, three steps, etc.

After formation of the (first/multiple) capture antibody-hBNP complex, the

complex is then contacted with at least one detection antibody (under conditions which

allow for the formation of a (first/multiple) capture antibody-hBNP-second antibody

detection complex). The at least one detection antibody can be the second, third,

fourth, etc. antibodies used in the immunoassay. If the capture antibody-hBNP

complex is contacted with more than one detection antibody, then a (first/multiple)

capture antibody-hBNP-(multiple) detection antibody complex is formed. As with the

capture antibody (e.g., the first capture antibody), when the at least second (and

subsequent) detection antibody is brought into contact with the capture antibody-hBNP

complex, a period of incubation under conditions similar to those described above is



required for the formation of the (first/multiple) capture antibody-hBNP-

(second/multiple) detection antibody complex. Preferably, at least one detection

antibody contains a detectable label. The detectable label can be bound to the at least

one detection antibody (e.g., the second detection antibody) prior to, simultaneously

with or after the formation of the (first/multiple) capture antibody-hBNP-

(second/multiple) detection antibody complex. Any detectable label known in the art

can be used. For example, the detectable label can be a radioactive label, such as, 3H,

1251, 35S, 14C, 32P, 33P, an enzymatic label, such as horseradish peroxidase, alkaline

phosphatase, glucose 6-phosphate dehydrogenase, etc., a chemiluminescent label, such

as, acridinium esters, luminol, isoluminol, thioesters, sulfonamides, phenanthridinium

esters, etc. a fluorescence label, such as, fluorescein (5-fluorescein, 6-

carboxyfluorescein, 3'6-carboxyfluorescein, 5(6)-carboxyfluorescein, 6-hexachloro-

fluorescein, 6-tetrachlorofluorescein, fluorescein isothiocyanate, etc.), rhodamine,

phycobiliproteins, R-phycoerythrin, quantum dots (zinc sulfϊde-capped cadmium

selenide), a thermometric label or an immuno-polymerase chain reaction label. An

introduction to labels, labeling procedures and detection of labels is found in Polak and

Van Noorden, Introduction to Immunocytochemistry, 2nd ed., Springer Verlag, N .Y.

(1997) and in Haugland, Handbook of Fluorescent Probes and Research Chemicals

(1996), which is a combined handbook and catalogue published by Molecular Probes,

Inc., Eugene, Oregon. In addition, more than one label can be used. For example,

double conjugates can be used, each of which contain different labels. For example,

one conjugate antibody can contain biotin and the second conjugate can be an anti-

biotin antibody labeled with acridinium. Other variations would be easily recognized

by one of ordinary skill in the art.

The detectable label can be bound to the antibodies either directly or through a

coupling agent. An example of a coupling agent that can be used is EDAC (l-ethyl-3-

(3-dimethylaminopropyl) carbodiimide, hydrochloride) that is commercially available

from Sigma-Aldrich, St. Louis, MO. Other coupling agents that can be used are known

in the art. Methods for binding a detectable label to an antibody are known in the art.

Additionally, many detectable labels can be purchased or synthesized that already

contain end groups that facilitate the coupling of the detectable label to the antibody,

such as, N10-(3-sulfopropyl)-N-(3-carboxypropyl)-acridinium-9-carboxamide active



esters, otherwise known as CPSP-Acridinium Ester or N10-(3-sulfopropyl)-N-(3-

sulfopropyl)-acridinium-9-carboxamide active ester, otherwise known as SPSP-

Acridinium Ester.

The (first/multiple)capture antibody-hBNP-(second/multiple) detection antibody

complex can be, but does not have to be, separated from the remainder of the test

sample prior to quantification of the label. For example, if the at least one capture

antibody (e.g., the first capture antibody) is bound to a solid support, such as a well or a

bead, separation can be accomplished by removing the fluid (of the test sample) from

contact with the solid support. Alternatively, if the at least first capture antibody is

bound to a solid support it can be simultaneously contacted with the hBNP-containing

sample and the at least one second detection antibody to form a first (multiple)

antibody-hBNP-second (multiple) antibody complex, followed by removal of the fluid

(test sample) from contact with the solid support. If the at least one first capture

antibody is not bound to a solid support, then the (first /multiple) capture antibody-

hBNP-(second/multiple) detection antibody complex does not have to be removed from

the test sample for quantification of the amount of the label.

After formation of the labeled capture antibody-hBNP-detection antibody

complex (e.g., the first capture antibody-hBNP-second detection antibody complex),

the amount of label in the complex is quantified using techniques known in the art. For

example, if an enzymatic label is used, the labeled complex is reacted with a substrate

for the label that gives a quantifiable reaction such as the development of color. If the

label is a radioactive label, the label is quantified using a scintillation counter. If the

label is a fluorescent label, the label is quantified by stimulating the label with a light of

one color (which is known as the "excitation wavelength") and detecting another color

(which is known as the "emission wavelength") that is emitted by the label in response

to the stimulation. If the label is a chemiluminescent label, the label is quantified

detecting the light emitted either visually or by using luminometers, x-ray film, high

speed photographic film, a CCD camera, etc. Once the amount of the label in the

complex has been quantified, the concentration of hBNP or hBNP fragment in the test

sample is determined by use of a standard curve that has been generated using serial

dilutions of hBNP or hBNP fragment of known concentration. Other than using serial



dilutions of hBNP or hBNP fragment, the standard curve can be generated

gravimetrically, by mass spectroscopy and by other techniques known in the art.

C. Methods for Determining Certain Ratios in a Test Sample

In another embodiment, the present disclosure relates to methods for

determining the molar ratio or weight ratio of (a) the amount of hBNP to the amount of

human proBNP in a test sample or (b) the amount of human proBNP to hBNP in a test

sample. Specifically, the methods of the present disclosure involve determining the

amount of hBNP in a test sample. Any appropriate methods for determining or

quantifying the amount of hBNP in a test sample can be used. Such methods are well

known in the art. For example, such a method can be an immunoassay, such as the

immunoassay described herein (e.g., in Section B, above). Additionally, the methods

of the present disclosure also involve determining or quantifying the amount of human

proBNP in a test sample. Any appropriate methods for determining or quantifying the

amount of human proBNP in a test sample can be used. Such methods are well known

in the art. For example, such a method can be an immunoassay, such as the

immunoassay described herein (e.g., in Section B, above). Alternatively, a method

such as that described in Example 2 can be used. The order in which the amount of

hBNP or human proBNP in a test sample are determined or quantified is not critical.

The molar ratio or weight ratio that can be determined can be (i) the amount of hBNP

to the amount of human proBNP in said sample; or (ii) the amount of human proBNP to

the amount of hBNP in said sample. Preferably the molar ratio or weight ratio that is

determined is the amount of human proBNP to the amount of hBNP in a test sample.

The molar ratio of human proBNP/hBNP determined pursuant to the above-

described method can range from about 1.0 to about 50.0. Preferably, the range is from

about 1.20 to about 45.0. The weight ratio of human proBNP/hBNP determined

pursuant to the above-described method can range from about 2.0 to about 150.0.

Preferably, the range is from 4.0 about to about 145.0. The molar ratio of hBNP/human

proBNP determined pursuant to the above-described method can range from about 0.02

to about 0.72. The weight ratio of hBNP/human proBNP determined pursuant to the

above-described method can range from about 0.007 to about 0.21 .

The molar ratio or weight ratio determined using the methods described herein

can be useful to provide an indicator of the clinical status (i.e., severity or progression



of disease) of a subject. For example, the molar ratio or weight ratio determined using

the methods of the present disclosure can be used to determine whether or not subject is

suffering from a disease such as heart failure. Alternatively, the molar ratio or weight

ratio described herein can be used to determine whether a subject suffering from heart

failure should be classified in any of New York Heart Association (NYHA)

Classifications I, II, III or IV or whether a subject classified as certain New York Heart

Association Classification has progressed to a different New York Heart Association

Classification (e.g., the subject was initially classified as New York Heart Association

Classification II and then the subject progress to New York Heart Association

Classification III). Specifically, the severity or progression of disease, such as

cardiovascular disease, in a subject can be determined using a method comprising the

steps of:

(a) providing a test sample from a subject;

(b) determining the amount of hBNP in the test sample according to any of the

immunoassays described herein (e.g., previously, in Section B);

(c) determining the amount of human proBNP in said sample;

(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample; and

(e) correlating the molar ratio or weight ratio with severity or progression of

disease in the subject. Specifically, when correlating the molar ratio or weight ratio

with severity of cardiovascular disease in a subject, the ratio is lower than a

predetermined level with increased severity and the ratio is higher than a predetermined

level with reduced severity . When correlating the molar ratio or weight ratio with

progression of disease in a subject, the ratio is lower as compared to that in an earlier

test sample from the subject with progression, and the ratio is unaltered or higher as

compared to that in an earlier test sample from the subject with non-progression or

improvement of cardiovascular disease. The progression of disease, such as

cardiovascular disease, can be monitored either before treatment is commenced in a

subject or after commencement of treatment in a subject.

Additionally, the molar ratio or weight ratio determined using the methods

described herein can be used to determine or identify whether a subject might have a

mutation in their corin or furin genes. Corin and furin are serine proteases that are



known to cleave the proforms of naturietic peptides (e.g, corin cleaves both proANP

and proBNP and furin cleaves proCNP and proBNP) into their active forms (ANP,

BNP, CNP) and their N-terminal inactive peptides. Mutations to these genes can result

in incomplete processing of the prohormones as they are needed leading to lower

circulating amounts of active peptide. Therefore, a subject having a corin or furin

mutation would be expected to have a higher human proBNP to hBNP ratio then a

subject lacking the mutation or having a wild-type allele. This could help identify

subjects that could benefit from treatment for cardiovascular disease, especially to

determine or identify a subject that would benefit from natriuretic peptide derivative

treatment for cardiovascular disease. For example, such a method can comprise the

steps of:

(a) obtaining a test sample from the subject that exhibits one or more clinical

indicia associated with cardiovascular disease (such as, for example, a subject having a

mutation in their corin or furin genes);

(b) determining the amount of human BNP in the test sample according to any

of the immunoassays described herein (e.g., previously, in Section B);

(c) determining the amount of human proBNP in said sample;

(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample;

(e) determining whether the molar ratio or weight ratio determined in step (d) is

higher or lower than a predetermined level; and

(f) identifying whether the subject would benefit from natriuretic peptide

derivative treatment based on the determination in step (e). Specifically, if the ratio

determined in step (d) is lower as compared to the predetermined level, the subject

would be identified as a subject that would not benefit from natriuretic peptide

derivative treatment. However, if the ratio determined in step (d) is higher than the

predetermined level, then the subject would be identified as a subject that would benefit

from natriuretic peptide derivative treatment. An example of a human natriuretic

peptide derivative that could be used to treat a subject is nesiritide. The type and

amount of treatment for such a subject could readily be determined by one skilled in the

art using routine techniques.



Moreover, the molar ratio or weight ratio determined using the methods

described herein can be used to determine if a subject has suffered a cardiovascular

complication as a result of administration to said subject of one or more pharmaceutical

compositions. For example, such a method can comprise the steps of:

(a) obtaining a first test sample from the subject before the subject has been

administered one or more pharmaceutical compositions;

(b) determining the amount of human BNP in the test sample according to any

of the immunoassays described herein (e.g., previously, in Section B);

(c) determining the amount of human proBNP in said sample;

(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample;

(e) obtaining a second test sample from the subject after the subject has been

administered one or more pharmaceutical compositions;

(f) determining the amount of human BNP in the second test sample according

to any of the immunoassays described herein (e.g., previously, in Section B);

(g) determining the amount of human proBNP in said second test sample;

(h) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said second test sample; and

(i) comparing the molar ratio or weight ratio determined in step (d) with the

molar or weight ratio in step (h). Specifically, if the molar ratio or weight ratio

determined in step (d) is unchanged when compared to the molar ratio or weight ratio

determined in step (h), then the subject is determined not to have suffered a

cardiovascular complication as a result of the administration of one or more

pharmaceutical compositions. If the molar ratio or weight ratio determined in step (d)

is changed (either higher or lower) when compared to the molar ratio or weight ratio

determined in step (h), then the subject is determined to have suffered a cardiovascular

complication as a result of the administration of one or more pharmaceutical

compositions.

D. Adaptations of the Methods

The disclosure herein also can be adapted for use in a variety of automated and

semi-automated systems (including those wherein the solid phase comprises a



microparticle), as described, e.g., in U.S. Patent Nos. 5,089,424 and 5,006,309, and as,

e.g., commercially marketed by Abbott Laboratories (Abbott Park, IL) including but

not limited to Abbott's ARCHITECT®, AxSYM®, IMx®, PRISM®, and Quantum™

II instruments, as well as other platforms. Moreover, the disclosure optionally is

adaptable for the Abbott Laboratories commercial Point of Care (i-STAT™)

electrochemical immunoassay system for performing sandwich immunoassays.

Immunosensors, and their methods of manufacture and operation in single-use test

devices are described, for example in, U.S. Patent No. 5,063,081, U.S. Patent

Application 2003/0170881, U.S. Patent Application 2004/0018577, U.S. Patent

Application 2005/0054078, and U.S. Patent Application 2006/0160164.

E. Exemplary Kits

The present disclosure herein also can be adapted for use in a variety of kits for

use on automated and semi-automated systems and platforms, e.g., commercially

marketed by Abbott Laboratories (Abbott Park, IL) including, but not limited to,

Abbott Laboratories' ARCHITECT®, AxSYM®, IMx®, PRISM®, and Quantum™ II

instruments, Abbott Laboratories' commercial Point of Care (i-STAT™)

electrochemical immunoassay system for performing sandwich immunoassays, as well

as other platforms.

Such kits can comprise one or more of the immunodiagnostic reagents (e.g.,

antibodies) described herein. More specifically, if the kit is a kit for performing an

immunoassay, the kit can optionally contain (1) at least one capture and detection

antibody that bind to hBNP and together exhibit reduced cross-reactivity with human

proBNP and human NT-proBNP; and (2) one or more instructions for performing the

immunoassay. The immunodiagnostic reagents of the present disclosure can be

included in such a test kit as a capture antibody, as a detection antibody or both as a

capture antibody and a detection antibody. For example, antibody Clone 3 can be

included in the kit as capture antibody and antibody AMI can be included in the kit as a

detection antibody. Alternatively, antibody Clone 3 can be included in the kit as a

capture antibody and antibody 8.1 can be included in the kit as a detection antibody.

Optionally, the kit can also contain at least one calibrator or control. Any calibrator or

control can be included in the kit. Preferably, however, the calibrator or control is



hBNP, especially SEQ ID NO: 4 described previously herein. Accordingly, the kits can

comprise at least one calibrator, or at least one control, or a combination of at least one

calibrator and at least one control.

Optionally the kits also can include quality control reagents (e.g., sensitivity

panels, calibrators, and positive controls). Preparation of quality control reagents is

well known in the art, and is described, e.g., on a variety of immunodiagnostic product

insert sheets. Human BNP sensitivity panel members optionally can be prepared in

varying amounts containing, e.g., known quantities of hBNP antigen ranging from

"low" to "high", e.g., by spiking known quantities of the hBNP antigen into an

appropriate assay buffer (e.g., a phosphate buffer). These sensitivity panel members

optionally are used to establish assay performance characteristics, and further

optionally are useful indicators of the integrity of the immunoassay kit reagents, and the

standardization of assays. The hBNP antigen also can be employed as calibrators.

The antibodies provided in the kit can incorporate a detectable label, such as a

fluorophore, radioactive moiety, enzyme, biotin/avidin label, chromophore,

chemiluminescent label, or the like, or the kit may include reagents for labeling the

antibodies or reagents for detecting the antibodies (e.g., detection antibodies) and/or for

labeling the antigens or reagents for detecting the antigen. The antibodies, calibrators

and/or controls can be provided in separate containers or pre-dispensed into an

appropriate assay format, for example, into microtiter plates.

In yet another embodiment, the kit can comprise, either alone, with instructions,

or with other aspects of the kit and kit components, an immunodiagnostic agent that

comprises one or more antibodies selected from the group consisting of 106.3, BC203,

Clone 3, Ml, AMI, AM5, 201.3, AM8 and 8.1.

The kits can optionally include other reagents required to conduct a diagnostic

assay or facilitate quality control evaluations, such as buffers, salts, enzymes, enzyme

co-factors, substrates, detection reagents, and the like. Other components, such as

buffers and solutions for the isolation and/or treatment of a test sample (e.g.,

pretreatment reagents), may also be included in the kit. The kit may additionally

include one or more other controls. One or more of the components of the kit may be

lyophilized and the kit may further comprise reagents suitable for the reconstitution of

the lyophilized components.



The various components of the kit optionally are provided in suitable

containers. As indicated above, one or more of the containers may be a microtiter

plate. The kit further can include containers for holding or storing a sample (e.g., a

container or cartridge for a blood or urine sample). Where appropriate, the kit may also

optionally contain reaction vessels, mixing vessels and other components that facilitate

the preparation of reagents or the test sample. The kit may also include one or more

instruments for assisting with obtaining a test sample, such as a syringe, pipette,

forceps, measured spoon, or the like.

The kit further can optionally include instructions for use, which may be

provided in paper form or in computer-readable form, such as a disc, CD, DVD or the

like.

Now by way of example, and not of limitation, examples of the present

disclosure shall now be given.

EXAMPLE 1: A Human B-type Natriuretic Peptide (hBNP) Sandwich Assay with
<10% Cross-Reactivity to human proBNP

For the ARCHITECT®-hBNP specific assay (hereinafter "Arc-hBNP")

paramagnetic particles were coated with monoclonal antibody ("mAb") 3-631-436.

This mAb binds to an amino acid sequence containing amino acids 13-18 on the hBNP

peptide. Monoclonal antibodies produced by hybridoma cell line 3-631-436 are also

referred interchangeably herein as "monoclonal antibody 3-631-436" or "Clone 3" and

"BNP 3-631-436 ms". Additionally, murine hybridoma cell line 3-631-436 was

deposited with the A.T.C.C. on December 21, 2004 and assigned A.T.C.C. Accession

No. PTA-6476. The BNP 3-631-436 ms mAb was coated onto a paramagnetic particle

(Polymer Laboratories, Amherst, MA) using the techniques described in U.S. Patent

No. 6,162,902. Specifically, EDAC coupling was used. EDAC is generally used as a

carboxyl activating agent for amide bonding with primary amines. In addition, it reacts

with phosphate groups. It is used in peptide synthesis, crosslinking proteins to nucleic

acids and in preparing immunoconjugates. The chemical formula for EDAC is 1-ethyl-

3-(3-dimethylaminopropyl)carbodiimide, hydrochloride. EDAC is commercially

available from Sigma-Aldrich, St. Louis, MO. Particles were washed and overcoated

with BSA. These particles are used as the capture reagent in the assay during the first

( 1st) incubation with specimens.



Monoclonal antibody 106.3 Ll B24/H2 288 was conjugated to N10-(3-

sulfopropyl)-N-(3-carboxypropyl)-acridinium-9-carboxamide active ester (also known

as CPSP-Acridinium Ester) (Abbott Laboratories, Abbott Park, IL). This mAb binds to

an amino acid sequence containing amino acids 5-13 on the hBNP peptide. Monoclonal

antibodies produced by hybridoma cell line 106.3 Ll B24/H2 288 are also referred

interchangeably herein as "monoclonal antibody 106.3 Ll B24/H2 288", "106.3AM1"

and "AMI". Additionally, murine hybridoma cell line 106.3 Ll B24/H2 288 was

deposited with the A.T.C.C. on September 20, 2005 and assigned A.T.C.C. Accession

No. PTA-6987. Antibody 106.3AMl labeled with acridinium is used in the assay

during the second (2nd) incubation to detect the particle-bound hBNP peptide. The

conjugation occurred by reaction of antibody 106.3AM 1 with an activated acridinium-

carboxamide ester.

Additional capture reagents (106.3AM1, BC203, 201.3, 8.1, Ml) were prepared

in a complimentary manner. These particles are used as the capture reagent in the assay

during the first (1st) incubation with specimens . Additional detection reagents (8.1, Ml,

201.3, BC203 and BNP 3-631-436 ms conjugates) were prepared in a complimentary

manner to that described above. Antibody-acridinium conjugates were prepared using

activated acridinium-carboxamide esters. The antibody-acridinium conjugates are used

in the assay during the Second (2nd) incubation to detect the particle -bound hBNP

peptide.

All immunoassays for hBNP were performed on an ARCHITECT® instrument

(this instrument is described in U.S. Patent No. 5,468,646).

Full length hBNP calibrators (amino acid residues 1-32) were prepared by

dilution of materials obtained from Peptides International, Inc. (Louisville, KY), into

hBNP calibrator diluent (described in U.S. Patent Publication 2005/0014287). Human

proBNP solutions (amino acid residues 1-108 ) were prepared by dilution of full-length

human proBNP obtained from HyTest Ltd. (Turku, Finland) into the hBNP calibrator

diluent. All human proBNP-spiked solutions used in % Recovery experiments were at

concentrations equivalent to the hBNP calibrator concentrations on a molar basis.

Microparticles coated with a capture antibody in a Tris/BSA diluent were

pipetted by the sampling probe into individual reaction vessels in the sampling center.

An aliquot containing an hBNP calibrator or human proBNP-spiked solution was



delivered to each reaction vessel containing the microparticles to form a reaction

mixture. The reaction mixtures were incubated for approximately 4 minutes at a

temperature of about 37 0C. After the incubation, the reaction mixtures were washed

with ARCHITECT® line diluent to remove any of the hBNP or human proBNP peptide

that was not captured. ARCHITECT® line diluent is commercially available from

Abbott Laboratories, Abbott Park, Illinois.

The antibody-acridinium conjugates diluted to 150 ng/mL in a MES diluent

were then dispensed into the reaction vessels and the resulting combinations were

incubated for approximately 4 minutes at a temperature of about 37°C. After the

incubation, the reaction vessels were washed with ARCHITECT® line diluent to

remove the unbound materials.

A solution of hydrogen peroxide and then sodium hydroxide were added to the

reaction vessels and the chemiluminescent signals were measured by the

chemiluminescent microparticle immunoassay (CMIA) optical assembly of the

ARCHITECT® instrument.

The ARCHITECT® system measures the acridinium signals which are typically

measured in relative light units (hereinafter "rlu's"). Measurements were made in

duplicate. The results shown in Tables Ia-If below and in Figure 1 show the mean of

the duplicate values of hBNP calibrators and typical calibration curves.

Table Ia. Calibration curves generated using BNP peptide as calibrators and selected
BNP assays with anti-BNP(BNP 3-631-436 ms)mAb capture.

1As used in this and all other Examples herein, "pM" refers to picomolar, i.e., pmol/L.

Table Ib. Calibration curves generated using BNP peptide as calibrators and
selected BNP assays with anti-BNP(106.3AMl)mAb capture.



Table Ic. Calibration curves generated using BNP peptide as calibrators and
selected BNP assays with anti-BNP(BC203)mAb capture.

Table Id. Calibration curves generated using BNP peptide as calibrators and
selected BNP assays with anti-BNP(201.3)mAb capture.

Table Ie. Calibration curves generated using BNP peptide as calibrators and
selected BNP assays with anti-BNP(8.1)mAb capture.
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Table If. Calibration curves generated using BNP peptide as calibrators and
selected BNP assays with anti-BNP(Ml)mAb capture.

Once the calibrator curves had been obtained, spiking studies were carried out

to determine cross-reactivity with human proBNP. Spiking of proBNP was done at

equimolar concentrations across the BNP calibrator range. Figure 2 shows the mean %

Recovery of spiked human proBNP peptide for selected antibody combinations. Tables

2a-2f show the mean readback concentration of human proBNP in pg/mL.

Table 2a. Detection of spiked proBNP (% Recovery) by selected BNP assays with
anti-BNP(BNP 3-631-436 ms)mAb capture.

Table 2b. Detection of spiked proBNP (% Recovery) by selected BNP assays with
anti-BNP(106.3AMl)mAb capture.



Table 2c. Detection of spiked proBNP (% Recovery) by selected BNP assays with
anti-BNP(BC203)mAb capture.

Table 2d. Detection of spiked proBNP (% Recovery) by selected BNP assays with
anti-BNP(201.3)mAb capture.

Table 2e. Detection of spiked proBNP (% Recovery) by selected BNP assays with
anti-BNP(8 .1)mAb capture .

Table 2f. Detection of spiked proBNP (% Recovery) by selected BNP assays with
anti-BNP(Ml)mAb capture.



These data confirms assay configurations that are specific for human BNP with

less than about 20%, or about 15%, and/or about 10% cross-reactivity with proBNP.

For example, two assay configurations, BNP 3-631-436 ms/106.3 AMI and BNP 3-

631-436 ms/8.1 show less than 10% cross-reactivity with proBNP and thus are BNP

specific assays.

EXAMPLE 2 : A human pro B-type Natriuretic Peptide (human proBNP)
Sandwich Assay with no Cross-Reactivity to hBNP

For the ARCHITECT®-human proBNP specific assay (hereinafter "Arc-human

proBNP") paramagnetic particles were coated with mAb 106.3AM 1 described above.

The 106.3AMl mAb was coated onto a paramagnetic particle (Polymer Laboratories,

Amherst, MA) as described above using the techniques described in U.S. Patent No.

6,162,902. These particles are used as the capture reagent in the assay during the first

( 1st) incubation with specimens.

Monoclonal antibody 18H5 was conjugated to acridinium (Abbott Laboratories,

Abbott Park, IL). This mAb binds to an amino acid sequence containing amino acids

13-27 on the human proBNP peptide and thus binds outside the area of possible

glycosylation. Monoclonal antibody 18H5 is commercially available from HyTest

Ltd.(Turku, Finland). Antibody 18H5 labeled with acridinium is used in the assay

during the second (2nd) incubation to detect the particle -bound human proBNP peptide.

The conjugation occurred by reaction of antibody 18H5 with an activated acridinium-

carboxamide ester.

All immunoassays for human proBNP were performed on an ARCHITECT®

instrument. Human proBNP calibrators (amino acid residues 1-108) were prepared by

dilution of materials obtained from HyTest Ltd. (Turku, Finland) in hBNP calibrator

diluent. hBNP calibrators solutions from Example 1 were used as the hBNP-spiked

solutions. All hBNP and human proBNP solutions utilized were of equal concentrations

on a molar basis.

Microparticles coated with the 106.3AMl capture antibody in a Tris/BSA

diluent were pipetted by the sampling probe into individual reaction vessels in the

sampling center. An aliquot containing a human proBNP calibrator or hBNP-spiked

solution was delivered to each reaction vessel containing the microparticles to form a

reaction mixture. The reaction mixtures were incubated for approximately 4 minutes at



a temperature of about 37 0C. After the incubation, the reaction mixtures were washed

with ARCHITECT® line diluent to remove any of the human proBNP or hBNP peptide

that was not captured.

The 18H5 antibody-acridinium conjugate diluted to 150 ng/mL in a MES

diluent was then dispensed into the reaction vessels and the resulting combinations

were incubated for approximately 4 minutes at a temperature of about 37°C. After the

incubation, the reaction vessels were washed with ARCHITECT® line diluent to

remove the unbound materials.

A solution of hydrogen peroxide and then sodium hydroxide was added to the

reaction vessels and the chemiluminescent signals were measured by the

chemiluminescent microparticle immunoassay (CMIA) optical assembly of the

ARCHITECT® instrument.

Measurements were made in triplicate. The results shown in Table 3 below and

in Figure 3 show the mean of the triplicate values of the human proBNP calibrators

and a typical calibration curve.

Table 3 . Calibration curve generated using proBNP peptide as calibrators and a
proBNP-specif ϊ c assay.

Specifically, the results in Table 4 show mean readback concentration of hBNP

in pg/mL and the % Recovery of spiked hBNP peptide.

Table 4 . Detection of spiked BNP by proBNP-specific assay.



Thus, as shown above, the assay with 106.3 AMI and 18 H5 detects only

human proBNP with no cross-reactivity with hBNP.

EXAMPLE 3 : Measurement of the human proBNP/hBNP Ratio in Clinical
Samples

Twenty EDTA plasma specimens were obtained from ARUP Laboratories (Salt

Lake City, UT). The samples were shipped on dry ice and stored at -70 0C before use.

The samples were obtained from both male and female subjects of varying ages for

whom a physician had requested a BNP test.

ARCHITECT®-hBNP specific measurements were made as described above

using the BNP 3-631-436 ms microparticle/1 06.3AM 1 acridinium conjugate

combination. ARCHITECT®-human proBNP specific measurements were made as

described above using the 106.3AM 1 uparticle/18H5 acridinium conjugate

combination. All immunoassays for hBNP and human proBNP were performed on the

ARCHITECT® instrument using the hBNP calibrators (amino acid residues 1-32) and

human proBNP calibrators (amino acid residues 1-108) prepared above.

All hBNP and human proBNP calibrators were measured in duplicate using the

analyte-specific kit and fit using a point-to-point data reduction method to generate a

calibration curve for each analyte. The concentrations of hBNP and proBNP in each

patient specimen were determined from single measurements read off the respective

calibration curve. Readback values for hBNP and human proBNP concentrations in

each patient specimen are shown in Table 5 below. Specifically, the results in Table 5

are depicted in pg/mL or picomolar (pM) hBNP or human proBNP in the patient

specimen.



Table 5 . Ratios of proBNP/BNP or BNP/proBNP in Clinical Samples

The molar and weight ratios of human proBNP to BNP or hBNP to human

proBNP were also determined. The molar ratios of proBNP/BNP (See, Table 5 above)

ranged from 1.39 to 5.74. The molar ratios of BNP/proBNP ranged from 0.17 to 0.72.

An approximate four-fold range in ratios was noted. The weight ratios of proBNP/BNP

ranged from 4.79 to 19.72 and for BNP/proBNP ranged from 0.051 to 0.209. Again, an

approximated four-fold range in ratios was noted.

EXAMPLE 4 : Measurement of the Human ProBNP/hBNP Molar and Weight
Ratios in Clinical Samples

Seventy three (73) HF plasma specimens with designated New York Heart

Association Classifications I-IV were obtained from ProMedDx, LLC (Norton, MA).

The samples were shipped on dry ice and stored at -70 0C before use.

ARCHITECT®-hBNP specific measurements were made as described above

using the Clone 3 microparticle/106.3AMl acridinium conjugate combination.

ARCHITECT®-human proBNP specific measurements were made as described above



using the 106.3AMl microparticle/18H5 acridinium conjugate combination. All

immunoassays for hBNP and human proBNP were performed on the ARCHITECT®

instrument using the hBNP calibrators (amino acid residues 1-32) and human proBNP

calibrators (amino acid residues 1-108) prepared above.

All hBNP and human proBNP calibrators were measured in duplicate using the

analyte-specific kit and fit using a point-to-point data reduction method to generate a

calibration curve for each analyte. The concentrations of hBNP and human proBNP in

each patient specimen were determined from single measurements read off the

respective calibration curve. Readback values for hBNP and human proBNP

concentrations in each patient specimen are shown in Tables 6 A and B below. The

molar and weight ratios of human proBNP/hBNP and hBNP/human proBNP are also

shown in Tables 6A and B. Figure 4 is the plot of hBNP versus human proBNP

concentrations determined showing a general correlation between the values.

Specifically, the results in Figure 4 are depicted in pM hBNP or human proBNP in the

patient specimens. The average value of the human proBNP/hBNP molar and weight

ratios for each NYHA Classification are depicted in Tables 7A and B. NYHA class III

and IV patients are grouped together because of severity of disease and the small (n=3)

number of NYHA IV samples tested.



Table 6A

NYHA Class [ NYHA Class II NYHA Class III/IV
pg/mL Weight Ratio */mL Weight Ratio pg/mL Weight Ratio

BNP proBNP BNP/pro pro/BNP BNP proBNP BNP/pro pro/BNP BNP proBNP BNP/pro pro/BNP

5.1 302. 1 0.017 59.22 5.6 674.8 0.008 119.83 16.3 570.6 0.029 34.93

4.8 149.4 0.032 31.38 37.6 1054.0 0.036 28.00 90.9 3167.3 0.029 34.86

128.2 1640.7 0.078 12.80 31.3 564.5 0.055 18.05 18.2 685.6 0.027 37.72

10.5 1476.6 0.007 140.88 285.3 3618.6 0.079 12.68 4.3 241 .3 0.018 55.50

55.0 1210.9 0.045 22.03 11.4 476.0 0.024 4 1.82 29.3 1193.8 0.025 40.71

44.1 1236.0 0.036 28.03 68.1 1814.1 0.038 26.65 48.5 464.2 0.104 9.57

34.4 5 10.5 0.067 14.82 30.5 3308.9 0.009 108.62 168.0 1505.3 0.112 8.96

115.2 1159.0 0.099 10.06 60.6 1310.6 0.046 2 1.64 552.7 6198.7 0.089 11.21

28.8 668.9 0.043 23.20 19.6 265.8 0.074 13.54 137.6 1996. 1 0.069 14.5 1

154.5 3059.4 0.050 19.80 35.8 483.8 0.074 13.5 1 25.9 410.7 0.063 15.84

346.7 3845.9 0.090 11.09 10.2 237.4 0.043 23.17

230.4 3109.6 0.074 13.50 65. 1 1586.6 0.041 24.36

40.2 619.6 0.065 15.42 136.0 1799.9 0.076 13.23

27.2 733.1 0.037 26.97 90.8 1670.4 0.054 18.39

33.6 578.6 0.058 17.23 107.4 2367. 1 0.045 22.05

390.4 5912.3 0.066 15.14 29.7 733.3 0.040 24.70

12.9 195.9 0.066 15.17 172.2 3504.0 0.049 20.35

2 1. 1 314.6 0.067 14.93 84.2 2083. 1 0.040 24.74

7.2 179.0 0.040 24.78 44.2 1162.2 0.038 26.32

7 1.9 1089.9 0.066 15.16 40.4 786.1 0.051 19.48

55.5 1159.2 0.048 20.88 99. 1 2328.9 0.043 23.50

6.5 118.2 0.055 18.18 30.0 714.8 0.042 23.83

8.2 221 .0 0.037 26.86 69.6 1013.4 0.069 14.57

94.4 2265.6 0.042 24.01 18.2 268.8 0.068 14.78

175.7 1621 .8 0.108 9.23 189.7 2717.7 0.070 14.33

192.0 1916.4 0.100 9.98 100.7 3810.9 0.026 37.84

80.1 881 .4 0.091 11.01 47.9 701 .5 0.068 14.65

70.0 13 12.2 0.053 18.75

47.7 674.5 0.071 14.15

34.8 623.9 0.056 17.92

23 1.9 2944. 1 0.079 12.70

107.7 1343.8 0.080 12.48

79. 1 1593.9 0.050 20.16

41.0 1374. 1 0.030 33.54

361 .6 6792.8 0.053 18.79

178.3 3417.4 0.052 19. 17



Table 6B



Table 7A

A correlation was found between the ratio of human proBNP and hBNP in

subjects having heart failure designated in New York Heart Association Classifications

I-IV, namely a decrease in human proBNP/hBNP ratio (molar or weight) was observed

with an increase in disease severity as measured by clinical indicia (i.e., an increase in

NYHA class).

One skilled in the art would readily appreciate that the present disclosure is well

adapted to carry out the objects and obtain the ends and advantages mentioned, as well

as those inherent therein. The molecular complexes and the methods, procedures,

treatments, molecules, specific compounds described herein are presently

representative of preferred embodiments, are exemplary, and are not intended as

limitations on the scope of the disclosure herein. It will be readily apparent to one

skilled in the art that varying substitutions and modifications may be made to the

disclosure herein without departing from the scope and spirit.

All patents and publications mentioned in the specification are indicative of the

levels of those skilled in the art to which the disclosure pertains.

The disclosure illustratively described herein suitably may be practiced in the

absence of any element or elements, limitation or limitations which is not specifically

disclosed herein. Thus, for example, in each instance herein any of the terms

"comprising," "consisting essentially of and "consisting of may be replaced with

either of the other two terms. The terms and expressions which have been employed are



used as terms of description and not of limitation, and there is no intention that in the

use of such terms and expressions of excluding any equivalents of the features shown

and described or portions thereof, but it is recognized that various modifications are

possible within the scope of the invention claimed. Thus, it should be understood that

although the present disclosure has been specifically disclosed by preferred

embodiments and optional features, modification and variation of the concepts herein

disclosed may be resorted to by those skilled in the art, and that such modifications and

variations are considered to be within the scope of this invention as defined by the

appended claims.



WHAT IS CLAIMED IS:

1. An immunoassay for quantifying the amount of human B-type

natriuretic peptide ("hBNP") present in a test sample being tested for or suspected of

containing hBNP, the immunoassay having reduced cross-reactivity with any human

pro B-type natriuretic peptide ("human proBNP") present in the test sample and

comprising the steps of:

(a) contacting at least one capture antibody that binds to hBNP and that has

been immobilized onto a solid phase to produce an immobilized antibody with said test

sample to form a first mixture comprising an at least one capture antibody-hBNP

complex, wherein said capture antibody comprises one or more antibodies having an

equilibrium dissociation constant (KD) of between about 3.0 x 10 7 and about 1.0 x 10 13

M;

(b) contacting said first mixture comprising the at least one capture antibody-

hBNP complex with at least one detection antibody that binds to hBNP and that has

been conjugated to a detectable label to form a second mixture comprising at least one

capture antibody-hBNP-at least one detection antibody complex, wherein the detection

antibody comprises one or more antibodies having an equilibrium dissociation constant

(KD) of between about 3.O x 10 7 and about 1.0 x 10 13 M; and

(c) determining the amount of the at least one capture antibody-hBNP-at least

one detection antibody complex formed in step (b) by detecting the detectable label as a

measure of the amount of hBNP contained in the test sample,

wherein the at least one capture antibody and the at least one detection antibody,

when used together, exhibit a cross-reactivity of less than about 20% with any human

proBNP present in the test sample.

2 . The immunoassay of claim 1, wherein the at least one capture antibody

and the at least one detection antibody, when used together, exhibit a cross-reactivity of

less than about 10% with any human proBNP present in the test sample.

3 . The immunoassay of claim 1, wherein the capture antibody has an

equilibrium dissociation constant (KD) of between about 2.5 x 10 7 and about 5.0 x 10 13

M.



4 . The immunoassay of claim 1, wherein the capture antibody is selected

from the group consisting of 106.3, BC203, Ml, 3-631-436, AMI, AM5, AM8, 8.1 and

201.3.

5 . The immunoassay of claim 1, wherein the detection antibody is selected

from the group consisting of 106.3, BC203, Ml, 3-631-436, AMI, AM5, AM8, 8.1 and

201.3.

6 . The immunoassay of claim 1, wherein the capture antibody is 3-63 1-
436.

7 . The immunoassay of claim 1, wherein the detection antibody is AMI or

8.1.

8. An immunoassay for quantifying the amount of human B-type

natriuretic peptide ("hBNP") present in a test sample being tested for or suspected of

containing hBNP, the immunoassay having reduced cross-reactivity with any human

pro B-type natriuretic peptide ("human proBNP") present in the test sample and

comprising the steps of:

(a) contacting said test sample with at least one detection antibody that binds to

hBNP and that has been conjugated to a detectable label to form a first mixture

comprising an at least one hBNP-detection antibody complex, wherein the detection

antibody comprises one or more antibodies having an equilibrium dissociation constant

(K D) of between about 3.0 x 10 7 and about 1.0 x 10 13 M;

(b) contacting said first mixture comprising said at least one hBNP-detection

antibody complex with at least one capture antibody that binds to hBNP and that has

been immobilized on to a solid phase to produce an immobilized antibody to form a

second mixture comprising an at least one capture antibody-hBNP-at least one

detection antibody complex, wherein said at least one capture antibody comprises one

or more antibodies having an equilibrium dissociation constant (KD) of between about

3.0 x 10 7 and about 1.0 x 10 13 M; and



(c) determining the amount of the at least one capture antibody-hBNP-at least

one detection antibody complex formed in step (b) by detecting the detectable label as a

measure of the amount of hBNP contained in the test sample,

wherein the at least one capture antibody and the at least one detection antibody,

when used together, exhibit a cross-reactivity of less than about 20% with any human

proBNP present in the test sample.

9 . The immunoassay of claim 8, wherein the at least one capture antibody

and the at least detection antibody, when used together, exhibit a cross-reactivity of less

than about 10% with any human proBNP present in the test sample.

10. The immunoassay of claim 8, wherein the capture antibody has an

equilibrium dissociation constant (K D) of between about 2.5 x 10 7 and about 5.0 x 10 13

M.

11. The immunoassay of claim 8, wherein the capture antibody is selected

from the group consisting of 106.3, BC203, Ml, 3-631-436, AMI, AM5, AM8, 8.1 and

201.3.

12. The immunoassay of claim 8, wherein the detection antibody is selected

from the group consisting of 106.3, BC203, Ml, 3-631-436, AMI, AM5, AM8, 8.1 and

201.3.

13. An immunoassay for quantifying the amount of human B-type

natriuretic peptide ("hBNP") present in a test sample being tested for or suspected of

containing hBNP, the immunoassay having reduced cross-reactivity with any human

pro B-type natriuretic peptide ("human proBNP") present in the test sample and

comprising the steps of:

(a) contacting a test sample with at least one capture antibody that binds to

hBNP and that has been immobilized onto a solid phase to produce an immobilized

antibody and with at least one detection antibody that binds to hBNP and that has been

conjugated to a detectable label to form an at least one capture antibody-hBNP-at least



one detection antibody complex, wherein the at least one capture antibody and the at

least one detection antibody are each one or more antibodies having an equilibrium

dissociation constant (K D) of between about 3.O x 10 7 and about 1.0 x 10 13 M; and

(b) determining the amount of the at least one capture antibody-hBNP- at least

one detection antibody complex formed in step (a) by detecting the detectable label as a

measure of the amount of hBNP contained in the test sample,

wherein the at least one capture antibody and the at least one second antibody

conjugated to the detectable label, when used together, exhibit a cross-reactivity of less

than about 20% with any human proBNP present in the test sample.

14. The immunoassay of claim 13, wherein the at least one capture antibody

and the at least one detection antibody, when used together, exhibit a cross-reactivity of

less than about 10% with any human proBNP present in the test sample.

15. The immunoassay of claim 13, wherein the capture antibody has an

equilibrium dissociation constant (KD) of between about 2.5 x 10 7 and about 5.0 x 10 13

M.

16. The immunoassay of claim 13, wherein the capture antibody is selected

from the group consisting of 106.3, BC203, Ml, 3-631-436, AMI, AM5, AM8, 8.1 and

201.3.

17. The immunoassay of claim 13, wherein the detection antibody is

selected from the group consisting of 106.3, BC203, Ml, 3-631-436, AMI, AM5,

AM8, 8.1 and 201.3.

18. A method determining the molar ratio or weight ratio of human proBNP

to the amount of hBNP in a test sample, the method comprising the steps of:

(a) determining the amount of hBNP in a test sample according to the

immunoassay of claim 1;

(b) determining the amount of human proBNP in said sample; and



(c) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample.

19. The method of claim 18, wherein the molar ratio of human

proBNP/hBNP ranges from about 1.0 to about 50.0.

20. The method of claim 18, wherein the weight ratio of human

proBNP/hBNP ranges from about 2.0 to about 150.0.

21. A method of determining the severity of cardiovascular disease in a

subject, the method comprising the steps of:

(a) providing a test sample from a subject;

(b) determining the amount of hBNP in the test sample according to the

immunoassay of claim 1;

(c) determining the amount of human proBNP in said sample;

(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample; and

(e) correlating the molar ratio or weight ratio with severity of cardiovascular

disease in the subject wherein if the ratio is lower than a predetermined level the

subject is determined to have increased severity of cardiovascular disease, and if the

ratio is higher than a predetermined level the subject is determined to have reduced

severity of cardiovascular disease.

22. The method of claim 21, wherein the cardiovascular disease is selected

from the group consisting of coronary artery disease, peripheral vascular disease,

hypertension, myocardial infarction and heart failure.

23. A method of monitoring the progression of cardiovascular disease in a

subject, the method comprising the steps of:

(a) providing a test sample from a subject;

(b) determining the amount of hBNP in the test sample according to the

immunoassay of claim 1;



(c) determining the amount of human proBNP in said sample;

(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample; and

(e) correlating the molar ratio or weight ratio with progression of disease in the

subject wherein the ratio is lower as compared to that in an earlier test sample from the

subject with progression, and the ratio is unaltered or higher as compared to that in an

earlier test sample from the subject with non-progression or improvement of

cardiovascular disease.

24. The method of claim 23, wherein said monitoring is done following

treatment for the cardiovascular disease.

25 . A method of identifying a subject that would benefit from natriuretic

peptide derivative treatment for cardiovascular disease, the method comprising the

steps of:

(a) obtaining a test sample from the subject that exhibits one or more clinical

indicia associated with cardiovascular disease;

(b) determining the amount of human BNP in the test sample according to the

immunoassay of claim 1;

(c) determining the amount of human proBNP in said sample;

(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample;

(e) determining whether the molar ratio or weight ratio determined in step (d) is

higher or lower than a predetermined level; and

(f) identifying whether the subject would benefit from natriuretic peptide

derivative treatment based on the determination in step (e), wherein if the ratio is lower

as compared to the predetermined level, the subject is identified as a subject that would

not benefit from natriuretic peptide derivative treatment and further wherein, if the ratio

is higher than a predetermined level, then the subject is identified as a subject that

would benefit from natriuretic peptide derivative treatment.



26. The method of claim 25, wherein the natriuretic peptide derivative is

nesiritide.

27. A method of determining if a subject is suffered a cardiovascular

complication as a result of administration to said subject of one or more pharmaceutical

compositions, the method comprising the steps of:

(a) obtaining a first test sample from the subject before the subject has been

administered one or more pharmaceutical compositions;

(b) determining the amount of human BNP in the test sample according to the

immunoassay of claim 1;

(c) determining the amount of human proBNP in said sample;

(d) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said sample;

(e) obtaining a second test sample from the subject after the subject has been

administered one or more pharmaceutical compositions;

(f) determining the amount of human BNP in the second test sample according

to the immunoassay of claim 1;

(g) determining the amount of human proBNP in said second test sample;

(h) determining the molar ratio or weight ratio of the amount of human proBNP

to the amount of hBNP in said second test sample; and

(i) comparing the molar ratio or weight ratio determined in step (d) with the

molar or weight ratio in step (h), wherein if the molar ratio or weight ratio determined

in step (d) is unchanged when compared to the molar ratio or weight ratio determined

in step (h), then the subject is determined not to have suffered a cardiovascular

complication as a result of the administration of one or more pharmaceutical

compositions and further wherein if the molar ratio or weight ratio determined in step

(d) is changed when compared to the molar ratio or weight ratio determined in step (h),

then the subject is determined to have suffered a cardiovascular complication as a result

of the administration of one or more pharmaceutical compositions.

28. In an improvement of a method for detecting the presence of human B-

type natriuretic peptide ("hBNP") in a test sample, said method comprising the steps of:



(a) contacting a test sample suspected of containing hBNP with at least one

capture antibody specific for said hBNP for a time and under conditions that allow the

formation of an hBNP/antibody complex; and

(b) detecting any hBNP/antibody complex formed with use of at least one

detection antibody as indicating the presence of said hBNP,

wherein the improvement comprises employing as said at least one capture

antibody and said at least one detection antibody, antibodies that, when used together,

exhibit a cross-reactivity of less than about 20% with any human pro B-type natriuretic

peptide ("human proBNP").

29. An immunodiagnostic reagent comprising at least one capture antibody

and at least one detection antibody specific for human B-type natriuretic peptide

("hBNP"), and that, when used together, exhibit a cross-reactivity of less than about

20% with any human pro B-type natriuretic peptide ("human proBNP").

30. The immunodiagnostic reagent of claim 29, wherein the capture

antibody and detection antibody each have an equilibrium dissociation constant (KD) of

between about 2.5 x 10 7 and about 5.O x 10 13 M.

31. The immunodiagnostic reagent of claim 29, wherein the capture

antibody is 3-631-436, and the detection antibody is AMI or 8.1.

32. A kit for the detection of human B-type natriuretic peptide ("hBNP") in

a test sample, said kit comprising:

(a) instructions for conducting the assay of the test sample; and

(b) an immunodiagnostic reagent that comprises at least one capture antibody

and at least one detection antibody specific for human B-type natriuretic peptide

("hBNP"), and that, when used together, exhibit a cross-reactivity of less than about

20% with any human pro B-type natriuretic peptide ("human proBNP").











International application No

PCT/US 08/63070

A CLASSIFICATION OF SUBJECT MATTER
IPC(8) - G01N 33/00 (2008.04)
USPC - 435/7.92

According to International Patent Classification (IPC) or to both national classification and IPC

B FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - G01N 33/00 (2008 04)
USPC - 435/7 9 2

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PubWEST, Google Scholar, PubMed hBNP, cross reactivity, reduce, natriuretic peptide, assay, ELIZA, immunoassay, detection
antibody, dissociation constant, capture antibody, complex, AM1 , equilibrium, capture antibody, proBNP, detectable label, molar ratio,
cardiovascular disease

C DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 20060183154 A 1 (SHIH et al ) 17 Aug 2006 (17 08 2006), para [0022], [0024], [0020] 1, 3-6, 8 , 10-12

2, 9, 13-28, 30

US 2004/0265926 A 1 (NG et al ) 30 Dec 2004 (30 12 2004), para [0034], [0008], [0087] 29, 32

2, 9, 13-17, 28, 30

Laboratory Reference Manual Calculations [online] Reed College, 2 1 Feb 2007 [retrieved on 18-26
24 JuI 2008) Retπeved from the Reed College Web Page using internet <URL
http //web archive org/web/20070221044313/http //academic reed edu/chemistry/alan/201_202/l
ab_maπual/appendιces/calculatioπs html>

TSUTAMOTO et al Attenuation of Compensation of Endogenous Cardiac Natriuretic Peptide 21-27
System in Chronic Heart Failure Circulation 1997, 96 509-516 (corresponding pg 1-14 of the
attached doc), Abstract, pg 3-4, Methods

COLUCCI et al Intravenous nesiritide, a natπuretic peptide, in the treatment of decompensated 26
congestive heart failure N Engl Med 2005, 343(4) 246-253,Abstract

A 1P US 2007/0207152 A 1 (BROPHY et al ) 06 Sep 2007 (06 09 2007), para [0020] 7, 3 1

I Further documents are listed in the continuation of Box C I I

Special categories of cited documents UT later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance, the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance, the claimed invention cannot be

considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
P document published prior to the international filing date but later than "&" document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

22 July 2008 (22 07 2008) 15 AUG 2008
Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn ISA/US, Commissioner for Patents Lee W Young
P O Box 1450, Alexandria. Virginia 22313-1450

PCT Hβlpdesfc 571-272-4300
Facsimile No 571-273-3201 PCTOSP 571-272 7774

Form PCT/ISA/210 (second sheet) (Apπ l 2007)


	front-page
	description
	claims
	drawings
	wo-search-report

