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ANTI-GLUCAGON ANTIBODIES AND USES THEREOF

The present invention relates to the field of medicine. More particularly, the

present invention relates to antibodies that bind glucagon to form a detectable glucagon

/anti- glucagon monoclonal antibody complex useful in diagnostic techniques that require

labeling, marking, identifying, or quantifying glucagon, such as imaging and

determination of glucagon levels. The antibodies of the present invention are useful for

diagnostic applications that aid in identifying patients with conditions resulting in altered

levels of glucagon, as well as monitoring and/or improving the treatment of patients with

glucagon receptor antagonists or other therapeutics.

Glucagon is a 29-residue polypeptide hormone that is produced in the pancreas by

the a-cells of the islets of Langerhans, and the amino acid sequence of the peptide is

completely conserved in mammals. Glucagon and glucagon-like peptides are transcribed

from a common proglucagon gene that is expressed in the pancreas, intestine, and brain.

Basal amounts of glucagon are essential for the maintenance of normoglycemia, and a

key physiological role of glucagon is to prevent hypoglycemia. Glucagon levels increase

rapidly in response to hypoglycemia, and the glucagon response is the primary defense

mechanism utilized by the body to restore blood glucose to normal levels.

A complex interplay of signaling factors are required for the proper regulation of

glucagon secretion. These controlling factors, which include glucose, intra-islet paracrine

factors such as insulin and GLP-1, and the central and autonomic nervous systems,

interact in a coordinated fashion to regulate glucagon secretion. The glucagon receptor is

predominantly expressed in the liver where its activation leads to increased glucose

production. Glucagon receptors are also expressed at lower levels in many other tissues.

Glucagon has been considered to be a critical factor in the pathology of diabetes.

It has been proposed that improper expression of glucagon may contribute to the

development of the hyperglycemia in diabetes. Recent studies have also implicated

glucagon as an important component in the process of regulation of energy metabolism.

Given the importance of glucagon in glucose homeostasis and diabetes, glucagon has

been considered an important biomarker related to diabetes and development of anti

diabetic therapies (R. Krishna, G. Herman, and J . A. Wagner., Accelerating Drug



Development Using Biomarkers: A Case Study with Sitagliptin, A Novel DPP4 Inhibitor

for Type 2 Diabetes, AAPS Journal, Vol. 10, No. 2, p40 1-409, June 2008).

Due to the role of glucagon signaling in regulating normoglycemia, and the

disease states that arise from failure to maintain normoglycemia, the glucagon signaling

pathway is considered to be an attractive target for anti-diabetic therapy. For example,

recently study results from glucagon receptor antagonists have described significant

reductions in blood glucose and hemoglobin Ale levels in diabetic patients. However,

glucagon receptor antagonists are also reported to elevate glucagon levels, and therefore

sensitive and accurate technology to determine glucagon levels is needed for both the

analysis of glucagon levels in diabetic patients, and the development of glucagon receptor

antagonists and/or other therapeutics.

Methods of detecting glucagon are known in the art, however these methods lack

the particular combination of desirable properties and advantages found in the present

invention. A radioimmunoassay to measure glucagon was first described fifty years ago.

Since that time, there have been advances in immunoassay methods, such as those

described in Guillo et al, which recites a capillary electrophoresis competitive

immunoassay for the simultaneous quantitation of insulin, glucagon, and islet amyloid

polypeptide (IAPP) secretion from islets of Langerhans (Simultaneous capillary

electrophoresis competitive immunoassay for insulin, glucagon, and islet amyloid

polypeptide secretion from mouse islets of Langerhans. Journal of Chromatography.

Guillo C. Roper MG., 1218(26):4059-64, July 201 1). However, the methods of Guillo

and Roper employ the monoclonal antibody K79bB10, which is commercially available

from Sigma-Aldrich (Product No. G 2654), and is reported to bind to glucagon with an

affinity constant of 6.1 x 10 M 1 in radioimmunoassays (See the product insert for

Product No. G 2654, and Witt, S., et al, Acta Histochem., Suppl XXXV, 217 (1988)).

In view of the important role of glucagon in diabetic patients, there exists a need

for diagnostic antibody technology with an improved combination of desirable properties,

including specificity, affinity, and sensitivity, to detect and/or quantitate biological

glucagon levels to identify and monitor changes in glucagon levels, and improve

therapeutic interventions in view of these changes. For example, technology is needed to



determine if treatment with one or more glucagon receptor antagonists, or other

therapeutic agents, has resulted in a changed glucagon level in a patient.

In particular, there is a need for anti-glucagon antibodies that are specific for

glucagon and possess improved binding affinity. More particularly there is a need for

anti-glucagon antibodies that are specific for glucagon, and possess improved binding

affinity, and demonstrate enhanced sensitivity in glucagon determinations. Even more

particularly there is a need for anti-glucagon antibodies that are specific for glucagon, and

possess improved binding affinity, and demonstrate enhanced sensitivity in glucagon

determinations, and improved ELISA assay conditions that result in minimal interference

and broad dilutional linearity. Preferably the antibodies are monoclonal antibodies, and

include two distinct antibodies that recognize two distinct epitopes on glucagon.

The antibodies of the present invention are found to possess surprisingly improved

affinity for glucagon as compared to K79bB10. Binding of glucagon with an anti-

glucagon antibody of the present invention permits diagnostic assessment of glucagon

levels, before, during, and/or after treatment of the patient, with minimal plasma protein

interference and with improved sensitivity. Accordingly, the present invention provides

alternative anti-glucagon antibodies that specifically bind to independent epitopes of

glucagon, including one that binds the C-terminus of glucagon. The present invention

further provides a highly specific electrochemiluminescent (ECL) sandwich immunoassay

with superior sensitivity, recovery, and dilutional linearity which provides a rapid and

convenient method for quantifying glucagon in high throughput formats.

One aspect of the present invention pertains to a monoclonal antibody, or antigen-

binding fragment thereof, that specifically binds to glucagon consisting of the amino acid

sequence as in SEQ ID NO: 29, said antibody, or antigen-binding fragment thereof,

comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences KASENAGTYVA (SEQ ID NO: 1), NGSHRYD

(SEQ ID NO: 2), and GQSYSYPWT (SEQ ID NO: 3), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

comprising the amino acid sequences GYNFNDYWLN (SEQ ID NO: 4),



NAYPGWGIINYNEKFKS (SEQ ID NO: 5), and DYDNAY (SEQ ID NO: 6),

respectively.

Another embodiment of the present invention is a monoclonal antibody, or

antigen-binding fragment thereof, that specifically binds to glucagon consisting of the

amino acid sequence as in SEQ ID NO: 29, said monoclonal antibody comprising:

a light chain variable region (LCVR) comprising the amino acid sequence as in

SEQ ID NO: 7, and

a heavy chain variable region (HCVR) comprising the amino acid sequence as in

SEQ ID NO: 9.

In another embodiment, the present invention provides a monoclonal antibody, or

antigen-binding fragment thereof, that specifically binds to glucagon consisting of the

amino acid sequence as in SEQ ID NO: 29, said monoclonal antibody comprising:

a light chain comprising the amino acid sequence as in SEQ ID

NO: 11, and

a heavy chain comprising the amino acid sequence as in SEQ ID

NO: 13.

Another aspect of the present invention pertains to a monoclonal antibody, or

antigen-binding fragment thereof, that specifically binds to glucagon consisting of the

amino acid sequence as in SEQ ID NO: 29, said antibody, or antigen-binding fragment

thereof, comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

comprising the amino acid sequences GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAiiNQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively.

Another aspect of the present invention pertains to a monoclonal antibody, or

antigen-binding fragment thereof, that specifically binds to glucagon consisting of the

amino acid sequence as in SEQ ID NO: 29, said antibody, or antigen-binding fragment

thereof, comprising:



light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

wherein the amino acid sequences are RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

wherein the amino acid sequences are GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively.

Another embodiment of the present invention is a monoclonal antibody, or

antigen-binding fragment thereof, that specifically binds to glucagon consisting of the

amino acid sequence as in SEQ ID NO: 29, said monoclonal antibody comprising:

a light chain variable region (LCVR) comprising the amino acid sequence as in

SEQ ID NO: 21, and

a heavy chain variable region (HCVR) comprising the amino acid sequence as in

SEQ ID NO: 23.

In another embodiment, the present invention provides a monoclonal antibody, or

antigen-binding fragment thereof, that specifically binds to glucagon consisting of the

amino acid sequence as in SEQ ID NO: 29, said monoclonal antibody comprising:

a light chain comprising the amino acid sequence as in SEQ ID

NO: 25, and

a heavy chain comprising the amino acid sequence as in SEQ IDNO: 27.

A preferred embodiment of the present invention is an antibody referred to herein

as IBA009 which comprises two heavy chains of (SEQ ID NO: 13) and two light chains

of (SEQ ID NO: 11). A more preferred embodiment of the present invention is an

antibody referred to herein as IBA032 which comprises two heavy chains of (SEQ ID

NO: 27) and two light chains of (SEQ ID NO: 25).

Another embodiment of the present invention provides a diagnostically useful

composition comprising at least one of the foregoing anti-glucagon monoclonal

antibodies, or antigen-binding fragments thereof, of the present invention and a

diagnostically acceptable carrier, diluent, or excipient. In one such embodiment, an anti-

glucagon monoclonal antibody, or antigen-binding fragment thereof, of the present



invention is covalently, non-covalently, or partially covalently and partially non-

covalently linked to a label.

In another embodiment, the present invention encompasses a composition

comprising at least one of the foregoing anti-glucagon monoclonal antibodies, or antigen-

binding fragments thereof, of the present invention bound to a polypeptide comprising the

glucagon amino acid sequence as in SEQ ID NO: 29. Preferably, an anti-glucagon

monoclonal antibody, or antigen-binding fragment thereof, of the present invention is

bound to a polypeptide comprising the glucagon amino acid sequence as in SEQ ID NO:

29 at an epitope which includes the c-terminus of SEQ ID NO: 29. More preferably, the

present invention encompasses a composition comprising at least one of the foregoing

anti-glucagon monoclonal antibodies, or antigen-binding fragments thereof, of the present

invention bound to a polypeptide comprising the glucagon amino acid sequence as in

SEQ ID NO: 29 and further comprises a diagnostically acceptable carrier, diluent, or

excipient.

In other embodiments, the present invention provides a kit, comprising a container

comprising a monoclonal antibody, or antigen-binding fragment thereof, that specifically

binds to a polypeptide comprising the glucagon amino acid sequence as in SEQ ID NO:

29, said monoclonal antibody, or antigen-binding fragment thereof, comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

comprising the amino acid sequences GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively.

In other embodiments, the present invention provides a kit, comprising a container

comprising a first monoclonal antibody, or antigen-binding fragment thereof, that

specifically binds to a polypeptide comprising the glucagon amino acid sequence as in

SEQ ID NO: 29, said monoclonal antibody, or antigen-binding fragment thereof,

comprising:



light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

comprising the amino acid sequences GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively;

and a container comprising a second monoclonal antibody, or antigen-binding

fragment thereof, that specifically binds to a polypeptide comprising the glucagon amino

acid sequence as in SEQ ID NO: 29, said monoclonal antibody, or antigen-binding

fragment thereof, comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences KASENAGTYVA (SEQ ID NO: 1), NGSHRYD

(SEQ ID NO: 2), and GQSYSYPWT (SEQ ID NO: 3), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

comprising the amino acid sequences GYNFNDYWLN (SEQ ID NO: 4),

NAYPGWGIINYNEKFKS (SEQ ID NO: 5), and DYDNAY (SEQ ID NO: 6),

respectively.

In certain embodiments, the kit may comprise a second container comprising a

secondary antibody that binds to the monoclonal antibody of the invention, or antigen-

binding fragment thereof, and, optionally, instructions for using the monoclonal antibody,

or antigen-binding fragment thereof, with or without the secondary antibody, to detect

glucagon in vivo, ex vivo or in vitro. In some embodiments, the secondary antibody can

be conjugated to an enzyme known to be used in immunoassays. In other embodiments,

the kit can further comprise another container comprising a chromogenic substrate of the

aforementioned enzyme.

In other embodiments, the present invention also encompasses a method of

detecting glucagon expressed by a mammalian cell comprising:

(a) contacting a cell with a detectably labeled monoclonal antibody, or antigen-

binding fragment thereof, that specifically binds to glucagon consisting of the amino acid



sequence as in SEQ ID NO: 29, said monoclonal antibody, or antigen-binding fragment

thereof, comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and

heavy chain complementarity determining regions HCDRl, HCDR2, and HCDR3

comprising the amino acid sequences GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively;

(b) optionally, removing any non-specifically bound monoclonal antibody or

antigen-binding fragment thereof; and

(c) detecting and/or quantifying the amount of labeled monoclonal antibody or

antigen-binding fragment thereof which is specifically bound to the glucagon using any

art-known method, for example, cytometric or immunohistochemical techniques.

Preferably, the glucagon is detected in a biological tissue or a bodily fluid from a diabetic

patient such as in urine, ascites fluid, lymphatic fluid, spinal fluid, bronchial fluid, and,

more preferably, blood, serum or plasma.

The present invention also provides a method of determining the glucagon level in

a bodily fluid comprising: (a) contacting the bodily fluid with an anti-glucagon diagnostic

monoclonal antibody, or antigen-binding fragment thereof, that specifically binds to

glucagon consisting of the amino acid sequence as in SEQ ID NO: 29, the antibody, or

antigen-binding fragment thereof, comprising: light chain complementarity determining

regions LCDR1, LCDR2, and LCDR3 comprising the amino acid sequences

RSPKSLVGPMGRTYLY (SEQ ID NO: 15), RRNNLAP (SEQ ID NO: 16), and

MQHLEFPLT (SEQ ID NO: 17), respectively, and heavy chain complementarity

determining regions HCDRl, HCDR2, and HCDR3 comprising the amino acid sequences

GYNFTDYWIH (SEQ ID NO: 18), YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and

GGLGLSY (SEQ ID NO: 20), respectively; (b) optionally, removing any non-specifically

bound monoclonal antibody or, antigen-binding fragment thereof; and (c) detecting

and/or quantifying the amount of monoclonal antibody, or antigen-binding fragment



thereof, which is specifically bound to glucagon. Preferably the antibody used in this

method is IBA032.

The present invention also provides a method of detecting and/or quantifying

glucagon levels in a mammalian biological tissue or a bodily fluid from a diabetic patient,

or patient at risk of developing diabetes, such as in urine, ascites fluid, lymphatic fluid,

spinal fluid, bronchial fluid, and, preferably, blood, serum or plasma, comprising:

contacting the tissue with a monoclonal antibody, or antigen-binding fragment thereof,

that specifically binds to glucagon, said monoclonal antibody, or antigen-binding

fragment thereof, comprising: light chain complementarity determining regions LCDR1,

LCDR2, and LCDR3 comprising the amino acid sequences RSPKSLVGPMGRTYLY

(SEQ ID NO: 15), RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17),

respectively, and heavy chain complementarity determining regions HCDR1, HCDR2,

and HCDR3 comprising the amino acid sequences GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively, under conditions that permit formation of a detectable glucagon/anti-

glucagon monoclonal antibody complex; and detecting and/or quantifying said

complex(es). Preferably the antibody used in this method is IBA032. Preferably the

contacting of the sample and the antibody of the invention occur ex vivo. More preferably

the antibody used in this method is IBA032 and contacting of the sample and the antibody

of the invention occur ex vivo.

In various embodiments, the contacting can be carried out in vivo, the anti-

glucagon monoclonal antibody, or antigen-binding fragment thereof, can be administered

parenterally, by injection or infusion. Additionally, in various embodiments, the anti-

glucagon monoclonal antibody, or antigen-binding fragment thereof, is labeled with at

least one detectable label including, but not limited to, the labels described herein, or

otherwise known in the art. Detection can be performed in vitro and/or in vivo using a

method, technology and/or device known in the art to be appropriate for a specific

detectable label including, but not limited to, a gamma counter, a scintillation counter, by

autoradiography, devices including, for example, a fluorescence measuring device, a

bioluminescence measuring device, a magnetic resonance imaging (MRI) device, a

magnetic device, a positron emission tomography (PET) device, a computed tomography



(CT) device, an ultrasound device, an optical coherence tomography (OCT) device,

and/or a single photon emission computed tomography (SPECT) device.

In another embodiment, the present invention provides the use of a kit comprising

a monoclonal antibody, or antigen-binding fragment thereof, that specifically binds to

glucagon (SEQ ID NO: 29), said monoclonal antibody, or antigen-binding fragment

thereof, comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

comprising the amino acid sequences GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively, for:

(a) detecting and/or quantifying glucagon in or on a cell;

(b) detecting and/or quantifying glucagon expressing cells in a patient;

(c) detecting and/or quantifying glucagon expressing cells in a tissue

sample of a patient;

(d) detecting and/or quantifying glucagon in a bodily fluid from a patient

such as in blood, plasma, serum, urine, ascites fluid, lymphatic fluid, spinal fluid, and

bronchial fluid;

(e) assessing whether an individual has, or is at risk for developing,

diabetes wherein glucagon expression is higher or lower than in healthy control subjects;

(f) selecting a patient having a condition for treatment with a glucagon

receptor antagonist;

(g) determining response to treatment with glucagon receptor antagonist;

and/or

(h) treating diabetes.

Preferably, with respect to (g) and (h) above, the treatment includes the

administration of a glucagon receptor antagonist such as Bay-27-9955 which is shown

below as Structure 1 (Petersen, K F. Sullivan, J T., Effects of a novel glucagon receptor



antagonist (Bay 27-9955), on glucagon-stimulated glucose production in humans.

Diabetologia. 44(1 1):2018-24, 2001 Nov).

Structure 1:

Thus, the anti-glucagon antibodies described herein may be useful as diagnostics

to aid in identification of diabetic patients with altered levels of glucagon, or in the

diagnosis of other conditions known to result in elevated levels of glucagon. Furthermore,

the anti-glucagon antibodies of the present invention may be used to monitor and/or

optimize a diabetic patient's treatment with glucagon signaling targeted therapeutic

agents, such as Bay 27-9955, or the small molecule antagonists of the glucagon receptor

described in WO 2005/123668, as well as the antibody antagonists of the glucagon

receptor such as those described in WO 2009/120530.

Another aspect of the present invention provides isolated nucleic acid molecules

encoding the anti-glucagon antibodies of the invention, expression vectors comprising the

nucleic acid molecules, and host cells comprising the nucleic acid molecules.

Description of the Figures:

Figure 1A: Glucagon antibody specificity. (A) Capture antibody IBA009 Biacore

analysis. Binding with 10 nM glucagon (labeled as "GCG ΙΟηΜ"), 100 nM

oxyntomodulin (labeled as "Oxy ΙΟΟηΜ"), and buffer-only negative control (labeled as

"buffer") are shown. The capture antibody IBA009 binds an internal region of glucagon

and is determined to cross-react with oxyntomodulin (Figure 1-A).

Figure IB: Glucagon antibody specificity. (B) Detection/Conjugate antibody IBA032

Biacore analysis. Binding with 10 nM glucagon (labeled as "GCG ΙΟηΜ"), 100 nM



oxyntomodulin (labeled as "Oxy ΙΟΟηΜ"), and buffer-only negative control (labeled as

"buffer") are shown. The detection antibody IBA032 demonstrates no cross-reactivity

with oxyntomodulin, and is therefore specific for the C-terminus of glucagon (Figure 1-

B), while at the same time demonstrating a large increase in binding affinity.

Figure 2: Development of the glucagon sandwich ELISA method. Figure 2 shows a

typical standard curve obtained with the ELISA as described in Example 3. Glucagon

peptide (SEQ ID NO: 29) is used to generate a calibration curve starting at a

concentration of 1950 pmol/L, with serial 1:3 dilutions (Figure 2, curve "IBA009 capture-

IBA032 Detection"). Anti-mid region antibody IBA009 is the capture antibody and anti-

glucagon C-terminal antibody IBA032 is the detection antibody. As Figure 2 illustrates,

the ELISA of Example 3 has broad dynamic range, low background, and high sensitivity.

The ELISA of Example 3 also demonstrates acceptable dilutional linearity down to 1:2

and up to a 1:16 dilution. For comparison, the data reported in the product insert for the

commercially available Mesoscale Discovery glucagon ELISA kit (Catalog K l 1160C-1)

is shown as "MSD KIT".

Figure 3: Correlation of glucagon concentrations.

The correlation between plasma glucagon concentration is determined by the ELISA of

Example 3 as well as a competitive RIA commercially available from ALPCO, Salem,

New Hampshire. Glucagon concentrations are determined for 26 samples and Figure 3

shows the results obtained after analyzing split samples in both assays. As illustrated in

Figure 3, the glucagon values obtained in the two different assays were highly correlated

(r = 0.97, P < 0.001).

As used herein, glucagon refers to glucagon 1-29 of any mammalian species,

unless otherwise indicated. The sequence of glucagon is depicted as:

HSQGTFTSDYSKYLDSRRAQDFVQWLMNT, and is also referred to herein as SEQ ID

NO: 29.

A full-length antibody is an immunoglobulin molecule comprising two heavy (H)

chains and two light (L) chains interconnected by disulfide bonds. The amino terminal

portion of each chain includes a variable region of about 100-1 10 amino acids primarily



responsible for antigen recognition via the complementarity determining regions (CDRs)

contained therein. The carboxy -terminal portion of each chain defines a constant region

primarily responsible for effector function. Light chains are classified as kappa or lambda,

which are each characterized by a particular constant region as known in the art. Heavy

chains are classified as gamma, mu, alpha, delta, or epsilon, and define the isotype of an

antibody as IgG, IgM, IgA, IgD, or IgE, respectively. IgG antibodies can be further

divided into subclasses, e.g., IgGl, IgG2, IgG3, IgG4. Each heavy chain type is also

characterized by a particular constant region with a sequence well known in the art.

"Antigen-binding fragment", as used herein, refers to Fab fragments, Fab' fragments,

F(ab')2 fragments, and single chain Fv fragments that bind to glucagon. The term "bind

(or 'binds') to glucagon", as used herein, refers to interaction with an epitope of glucagon

(SEQ ID NO: 29). The term "epitope" as used herein refers to discrete, three-dimensional

sites on an antigen that are recognized by the antibodies or antigen-binding fragments of

the present invention.

The CDRs are interspersed with regions that are more conserved, termed

framework regions ("FR"). Each light chain variable region (LCVR) and heavy chain

variable region (HCVR) is composed of 3 CDRs and 4 FRs, arranged from amino-

terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3,

CDR3, FR4. The 3 CDRs of the light chain are referred to as "LCDR1, LCDR2, and

LCDR3" and the 3 CDRs of the heavy chain are referred to as "HCDR1, HCDR2, and

HCDR3." The CDRs contain most of the residues which form specific interactions with

the antigen. The numbering and positioning of CDR amino acid residues within the

LCVR and HCVR regions of the antibodies or antigen-binding fragments of the present

invention is determined in accordance with the well-known Kabat numbering convention,

or in accordance with Kabat plus Chothia.

As used herein, the term "antibody" refers to a monoclonal antibody unless

otherwise indicated. The term "monoclonal antibody", its abbreviation "mAb", and

grammatical forms thereof are intended to refer to an antibody that is derived from a

single copy or clone including, for example, any eukaryotic, prokaryotic, or phage clone,

and not the method by which it is produced. Monoclonal antibodies of the present

invention preferably exist in a homogeneous or substantially homogeneous population.



Complete mAbs contain two heavy chains and two light chains. "Antigen-binding

fragments" of such monoclonal antibodies include, for example, Fab fragments, Fab'

fragments, F(ab')2 fragments, single chain Fv fragments, and single domain variable

fragments. Monoclonal antibodies and antigen-binding fragments thereof of the present

invention can be produced, for example, by recombinant technologies, phage display

technologies, synthetic technologies, e.g., CDR-grafting, or combinations of such

technologies, or other technologies known in the art. It is understood that regardless of

whether antigen-binding fragments are specified, the terms "antibody" and "monoclonal

antibody" as used herein includes such fragments, as well as single chain forms, unless

indicated otherwise.

Another aspect of the present invention pertains to isolated nucleic acid molecules

encoding any of the aforementioned anti-glucagon antibodies, expression vectors

comprising the nucleic acid molecules, and host cells comprising the nucleic acid

molecules. Additionally, the present invention provides expression vectors containing the

polynucleotide sequences previously described operably linked to a control sequence such

as an expression sequence, a promoter and/or an enhancer sequence. A variety of

expression vectors for the efficient synthesis of antibody polypeptide in prokaryotic

systems, such as bacteria and eukaryotic systems, including but not limited to, yeast and

mammalian cell culture systems have been developed. The vectors of the present

invention can comprise segments of chromosomal, non-chromosomal and synthetic DNA

sequences.

Methods for producing and purifying antibodies and antigen-binding fragments

are well known in the art and can be found, for example, in Harlow and Lane (1988)

Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, New York, chapters 5-8 and 15, ISBN 0-87969-3 14-2. Antigen-binding

fragments can also be prepared by conventional methods. Human framework germline

sequences can be obtained from ImMunoGeneTics (IMGT) via their website

http://imgt.cines.fr, or from The Immunoglobulin Facts Book by Marie-Paule Lefranc and

Gerard Lefranc, Academic Press, 2001, ISBN 012441351. The present invention also

provides recombinant host cells containing the recombinant vectors previously described.

Cell lines of particular preference are selected based on high levels of expression,



constitutive expression of protein of interest and minimal contamination from host

proteins. Mammalian cell lines available as hosts for expression are well known in the art

and include many immortalized cell lines, such as but not limited to, COS-7 cells,

Chinese Hamster Ovary (CHO) cells, Baby Hamster Kidney (BHK) cells and many

others including cell lines of lymphoid origin such as lymphoma, myeloma, or hybridoma

cells. Preferred host cells for transformation of vectors and expression of the antibodies of

the present invention are mammalian cells, e.g., NSO cells (non-secreting (0) mouse

myeloma cells), Human embryonic kidney (HEK) 293, SP20 and Chinese hamster ovary

(CHO ) cells and other cell lines of lymphoid origin such as lymphoma, myeloma, or

hybridoma cells. Antibodies of the present invention can be expressed in cell lines other

than in hybridomas. Other eukaryotic hosts, such as yeasts, can be alternatively used. The

antibodies and more specifically the antigen binding fragments thereof can also be

produced from prokaryotic cells such as Eschericia coli. Nucleic acids, which comprise a

sequence encoding an antibody according to the present invention, can be used for

transformation of a suitable mammalian host cell. For example, cDNA sequences

encoding a heavy chain (for example, the amino acid sequence given by SEQ ID NO: 27)

and a light chain (for example, the amino acid sequence given by SEQ ID NO: 25) may

be cloned and engineered into a suitable transient transfection expression vector. The

engineered immunoglobulin expression vector may then be transfected into HEK293

cells. Transfectants may be verified for expression of an antibody specifically binding to

glucagon.

The present invention further provides methods of purifying any of the

aforementioned anti-glucagon antibodies. The engineered antibodies or antigen binding

fragments of the present invention may be prepared and purified using known methods.

An "isolated" antibody in reference to an anti-glucagon antibody is one that has been

identified and separated and/or recovered from a component of its natural environment.

Contaminant components of its natural environment are materials that would interfere

with diagnostic uses for the antibody, and may include enzymes, hormones, and other

proteinaceous or nonproteinaceous solutes. In preferred embodiments, an antibody of the

present invention will be purified (1) to greater than 95% by weight of antibody as

determined by the Lowry method, and most preferably more than 99% by weight, (2) to a



degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid

sequence by use of a spinning cup sequenator, or (3) to homogeneity by SDS-PAGE

under reducing or nonreducing conditions using Coomassie blue or, preferably, silver

stain. The term "isolated" in reference to an anti- glucagon antibody of the present

invention may include the antibody in situ within recombinant cells since at least one

component of the antibody's natural environment will not be present. The anti-glucagon

antibodies of the present invention may be isolated or purified by any method known in

the art, including precipitation by ammonium sulfate or sodium sulfate followed by

dialysis against saline, ion exchange chromatography, affinity or immuno-affinity

chromatography including, but not limited to Protein-A and/or Protein-G affinity

chromatography, as well as gel filtration or zone electrophoresis.

The anti-glucagon antibodies disclosed herein are useful for diagnostic,

prognostic, and/or patient monitoring procedures, by detecting the level of glucagon

present in or on cells, tissues, or organs, whether in vivo and/or in various forms of ex

vivo preparations, and in bodily fluids. The term "bodily fluid" refers to any fluid or fluid-

like material derived from the body of a normal or diseased subject, such as blood, serum,

plasma, lymph, bone marrow, urine, saliva, tears, cerebrospinal fluid, milk, amniotic

fluid, bile, urine, bronchial fluid, ascites fluid, pus, and any other biological fluid product.

Also included within the meaning of fluid-like materials are organ or tissue extracts, and

culture media in which cells or tissue preparation from a subject have been incubated. An

anti-glucagon monoclonal antibody described herein can be conjugated to an enzyme and

used in an enzyme-linked immunosorbent assay (ELISA). Such assays are described in

detail in, for example, Butler (1994) "ELISA" (Chapter 29), In: van Oss, C. J . et al, eds.,

Immunochemistry, Marcel Dekker, Inc., New York, pp. 759-803. The present anti-

glucagon antibodies can also be used in radioimmunoassay and fluorescence-activated

cell sorting (FACS) analysis of glucagon expression.

The phrase "specifically binds" as used herein in reference to the affinity of a

anti-glucagon antibody for glucagon is intended to mean, unless indicated

otherwise, a K of preferably less than about 1 x 10 10 M, more preferably between

about 1 x 10 10 M and about 1 x 10 11 M, even more preferably, between about 1 x 10 10

M and about 1 x 10 1 M, even more preferably, between about 1 x 10 11 M and about 1 x



10 M, as determined by common methods known in the art, including by use of a SPR

biosensor essentially as described herein.

As used herein, the term "contacting" refers to the exposing an antibody, for

example an antibody of the invention, to a glucagon antigen, for example an analyte in a

sample in which the glucagon level is to be determined, for a time and under conditions

that permit said monoclonal antibody, or antigen-binding fragment thereof, to bind to

glucagon. Such time and conditions are known to one of skill in the art, and/or can be

routinely determined by methods known in the art according to references cited herein.

Sensitivity as used herein refers to the lowest level of an analyte (in this case

glucagon) that can be measured with acceptable accuracy and precision. Sensitivity is

reflected for example by the lower limit of quantitation (LLOQ) which is determined,

according to the present invention, by taking a sample of glucagon and diluting it serially

until the %CV (coefficient of variation) goes above 20%.

The terms "diabetes" and "diabetic" refer to or describe the physiological

conditions in mammals typically characterized by aberrant glucose regulation. Examples

include but are not limited to: Type I diabetes, Type II diabetes, hyperglycemia, hyper

insulinemia, beta-cell rest, improved beta-cell function by restoring first phase response,

prandial hyperglycemia, metabolic syndrome, hypoglycemia, hyper-/hypokalemia,

normalizing glucagon levels, obesity as a consequence of diabetes, insulitis, islet

transplantation, pediatric diabetes, gestational diabetes, diabetic late complications,

micro-/macroalbuminuria, reduced intestinal motility due to glucagon administration,

insulin resistance syndromes, syndrome X, glucagonomas, acute pancreatitis, diabetes as

a consequence of obesity, diabetic dyslipidemia. Preferably the diabetic condition is type

I or type II diabetes. More preferably the diabetic condition is type II diabetes.

Antibody Compositions and Methods

There are well-known methods in the art that a skilled artisan may use to form

stable, detectable antigen-antibody complexes (see, e.g., Antibodies, A Laboratory

Manual by Harlow and Lane (current edition), Cold Spring Harbor Laboratory Press,

Cold Spring Harbor, New York, for conditions permitting formation of detectable

antigen/antibody complexes).



The anti-glucagon monoclonal antibodies of the present invention or the glucagon/

anti-glucagon monoclonal antibody complexes described herein can be detectably labeled

using any art-known means (see, e.g., Antibody Engineering Volume 2, Kontermann,

Roland; Dubel, Stefan (Eds.)). Without limitation, glucagon or a detectably labeled

glucagon/anti-glucagon monoclonal antibody complex can be on a cell, or fragment

thereof, either in vivo, ex vivo or in vitro. For example, without limitation, such a cell or

fragment thereof can be, in situ, isolated from its naturally occurring state, or in a sample,

such as, e.g., from a cell pellet, xenograft, tissue, organ, bodily fluid, or any concentrated,

purified, enriched form thereof. In any of these methods, the contacting and detecting can

each be performed in vitro, or the contacting can be performed in vivo and the detecting

can be performed in vitro, or the contacting and the detecting can each be performed in

vivo. Labels can be, for example, without limitation, light-emiting or light-absorbing

agents, chromophores, chromogens, magnetic or iron particles, dyes, fluorescents,

fluorophores, phosphorescents, chemiluminescents, bioluminescents agent, radionuclides,

enzymes, positron emission tomographic-imageable agents, magnetic micro-beads,

ferrofluid nanoparticles, secondary antibodies, and magnetic resonance-imageable agents.

The term "detectably labeled" means that the anti-glucagon antibody, or antigen-

binding fragment thereof of the present invention, or a complex of glucagon/ anti-

glucagon monoclonal antibody has attached to it, either covalently or non-covalently, a

useful detectable label. In direct conjugate-labeled antibody methods, many different

useful labels can be employed including, for example, prosthetic group complexes,

chromophores, chromogens (color-producing substrates), dyes, fluorescent compounds,

fluorogenic compounds, radioactive isotopes, paramagnetic isotopes, and compounds that

can be imaged by positron emission tomography (PET) and magnetic resonance imaging

(MRI). Useful radiolabels, which are detected simply by gamma counter, scintillation

counter, PET scanning, or autoradiography, include H, 1 4I, 1 5I, 1 , 5S, and 14C. For

in vivo diagnosis, radionuclides can be bound to the mAb or antigen-binding fragments

either directly or indirectly using a chelating agent such as DTPA and EDTA. Examples

of such radionuclides include Tc, 1 I, 1 5I, 1 , 1 1 η, Ru, 6 Cu, 6 Ga, 6 Ga, As,

89 90 20 1
Zr, Y and Tl. Other suitable labels are art-known or can be determined by routine

experimentation. In indirect methods, a secondary antibody can be conjugated with, for



example, an enzyme. Binding of the secondary antibody to the primary antibody, which

is bound to the target antigen, can then be detected by reaction with a chromogenic

substrate of the enzyme under appropriate conditions to yield a detectable signal.

Colorimetric detection can be used, employing chromogenic compounds that

have, or result in, chromophores with high extinction coefficients, and which are

therefore easily detectable. When later exposed to its substrate under appropriate reaction

conditions, the enzyme will react with the substrate to produce a chemical label that can

be detected, for example, by spectrophotometric, fluorometric, or visual means.

Enzymes commonly used for this purpose include horseradish peroxidase, alkaline

phosphatase, glucose-6-phosphate dehydrogenase, malate dehydrogenase, staphylococcal

nuclease, delta-V-steroid isomerase, yeast alcohol dehydrogenase, a-glycerophosphate

dehydrogenase, triose phosphate isomerase, asparaginase, glucose oxidase, β-galacto-

sidase, ribonuclease, urease, catalase, glucoamylase, and acetylcholinesterase.

Examples of suitable prosthetic group complexes include, e.g., without limit,

streptavidin/biotin and avidin/biotin. Use of chromogens is preferred because assays

employing them can be easily performed in clinical diagnostic laboratories and reviewed

by a pathologist with equipment commonly available in these laboratories. Commonly

used chromogens include diaminobenzidine (DAB); DAB with enhancement; 3-amino-9-

ethyl carbazole (AEC); 4-chloro-l-naphthol (4-CN); Hanker-Yates reagent; alpha-

naphthol pyronin; 3,3',5,5'-tetramethylbenzidine (TMB); Fast Blue BB; Fast Red TR;

new fuchsin; BCIP-NBT; tetrazolium; tetranitoblue tetrazolium (TNBT); and

immunogold with silver enhancement.

Useful fluorescent labels include umbelliferone, fluorescein, fluorescein

isothiocyanate, dichlorotriazinylamine fluorescein, rhodamine, a dansyl group,

phycoerythrin, phycocyanin, allophycocyanin, o-phthaldehyde, fluorescamine, and Cy5

(Haugland ((1996) Handbook of 'Fluorescent Probes and Research Chemicals, Sixth Ed.,

Molecular Probes, Eugene, OR).

The anti-glucagon antibodies, or antigen-binding fragments thereof, or glucagon/

anti-glucagon monoclonal antibody complexes of the present invention can also be

152 +detectably labeled using fluorescence-emitting metals such as Eu , or other members



of the lanthanide series, by attaching them using such metal chelating groups as

diethylenetriaminepentaacetic acid (DTPA) or ethylenediamine-tetraacetic acid (EDTA).

The anti-glucagon antibodies, or antigen-binding fragments thereof, or glucagon/

anti-glucagon monoclonal antibody complexes of the present invention can also be

detectably labeled by coupling them to a phosphorescent or chemiluminescent compound

that can then be detected by the phosphorescence or luminescence that arises during the

course of a chemical reaction. Examples of useful chemiluminescent compounds include

luminol, isoluminol, theromatic acridinium ester, imidazole, acridinium salt, and oxalate

ester. Likewise, a bioluminescent compound such as luciferin, luciferase, or aequorin can

be used to label the antibody peptides. The presence of a bioluminescent protein is

determined by detecting the presence of luminescence.

The present invention encompasses antibodies recombinantly fused or chemically

conjugated (including both covalent and non-covalent conjugations) to a polypeptide (or

portion thereof, preferably comprising at least: 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100

contiguous amino acids of the polypeptide) to generate fusion proteins. The fusion does

not necessarily need to be direct, but may occur through linker sequences.

A monoclonal antibody, or antigen-binding fragment thereof, of the present

invention can also be attached to solid supports, which are particularly useful for

immunoassays or purification of a target antigen. Such solid supports include, e.g.,

without limitation, glass, cellulose, poly-acrylamide, nylon, polystyrene, polyvinyl

chloride, or polypropylene.

Antibodies fused or conjugated to a polypeptide may also be used in in vitro

immunoassays and in purification methods using known art methods (see e.g., Harbor, et

al, supra, and WO 9312 1232; EP 439,095; Naramura et al. (1994) Immunol. Lett. 39:9 1-

9; U.S. Patent No. 5,474,981; Gillies, et al. 1992 PNAS 89:1428-32; Fell, et al. 1991 J .

Immunol. 146:2446-52).

The present invention further includes compositions comprising a polypeptide (or

fragment thereof) fused or conjugated to an antibody domain other than a variable region.

Methods for fusing or conjugating a polypeptide (or fragment thereof) to an antibody or

antibody portion are known (see, e.g., U.S. Patent Nos. 5,336,603; 5,622,929; 5,359,046;

5,349,053; 5,447,851; 5,112,946; EP 307,434; EP 367,166; WO 96/04388; WO9106,570;



Ashkenazi, et al. (1991) PNAS 88: 10535-10539; Zheng, et al. (1995) J . Immunol.

154:5590-5600; and Vie, et al. (1992) PNAS 89: 11337- 11341).

A polypeptide, polypeptide fragment, may be fused or conjugated to an antibody

or antigen-binding fragment thereof described herein to increase the in vivo half-life.

Further, a polypeptide, polypeptide fragment, may be fused or conjugated to an antibody

or antigen-binding fragment thereof to facilitate purification. In preferred embodiments,

the polypeptide is a hexa-histidine peptide, such as the tag provided in a pQE vector

(QIAGEN, Inc., Chatsworth, CA), among others, many of which are commercially

available. Hexa-histidine provides for convenient purification of a protein (Gentz, et al.

(1989) PNAS 86:821-824). Other peptide tags useful for purification include, e.g., the

"HA" tag, which corresponds to an epitope derived from the influenza hemagglutinin

protein (Wilson, et al. (1984) Cell 37:767) and the "flag" tag.

Methods of using the Antibodies of the Invention

The antibodies of the present invention can be used diagnostically to, for example,

monitor the development or progression of diabetes as part of a clinical testing procedure

to determine the efficacy of a given treatment regimen using established techniques. The

anti-glucagon monoclonal antibodies of the present invention target glucagon regardless

of tissue of origin. Because of the relatively greater expression of glucagon on pancreatic

alpha cells, it is possible to distinguish alpha cells from pancreatic beta cells or other

cells. Also, because of the expression of glucagon by alpha cells, imaging of glucagon

may be generally useful for monitoring pancreatic changes in cell-type number and/or

distribution. In vivo or in vitro imaging can be used to detect the proliferation, migration,

or loss of glucagon expressing or over-expressing cells in a patient. The expression of

glucagon can be correlated with disease risk, or disease progression, in pre-diabetic or

diabetic patients respectively. Glucagon-targeted imaging could be used to stage the

progression of diabetes in pre-diabetic or diabetic patients, or to detect another disease

associated with the presence of increased levels of glucagon. An embodiment of the

invention provides a method of diagnosing a patient having pre-diabetes for treatment

with a glucagon receptor antagonist, or other anti-diabetic agents, comprising: (a)

determining the level of glucagon in a bodily fluid by contacting the bodily fluid with an



anti-glucagon diagnostic monoclonal antibody, or antigen-binding fragment thereof, that

specifically binds to glucagon consisting of the amino acid sequence as in SEQ ID NO:

29, the antibody, or antigen-binding fragment thereof, comprising: light chain

complementarity determining regions LCDR1, LCDR2, and LCDR3 comprising the

amino acid sequences RSPKSLVGPMGRTYLY (SEQ ID NO: 15), RRNNLAP (SEQ ID

NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and heavy chain

complementarity determining regions HCDR1, HCDR2, and HCDR3 comprising the

amino acid sequences GYNFTDYWIH (SEQ ID NO: 18), YFSTHSDYAIINQKFRD

(SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20), respectively, (b) optionally,

removing any non-specifically bound monoclonal antibody or, antigen-binding fragment

thereof; and (c) detecting and/or quantifying the amount of monoclonal antibody, or

antigen-binding fragment thereof, which is specifically bound to glucagon, wherein the

presence of the antibody, or the antigen-binding fragment thereof, specifically bound to

glucagon outside the range observed in healthy individuals identifies the diagnosis of pre-

diabetes in a patient for selection and treatment with an appropriate glucagon receptor

antagonist, or other anti-diabetic agent. Stages of pre-diabetes include, for example

impaired fasting glycemia, and impaired glucose tolerance. Impaired fasting glycemia, or

impaired fasting glucose (IFG), refers to a condition in which the fasting blood glucose is

elevated above what is considered normal levels, but is not high enough to be classified as

diabetes mellitus. IFG is considered a pre-diabetic state, associated with insulin resistance

and increased risk of cardiovascular pathology, although of lesser risk than impaired

glucose tolerance (IGT). Impaired glucose tolerance is a pre-diabetic state of dysglycemia

that is associated with insulin resistance, and increased risk of cardiovascular pathology.

IGT may precede type 2 diabetes mellitus by many years. Other anti-diabetic agents are

known in the art, and include for example, insulins, metformin, a sulfonylurea such as

glimepiride, or a DPPIV inhibitor such as sitagliptin.

Glucagon and insulin levels were, for example, used during the development of

Sitagliptin. Further, glucagon as a biomarker may also be useful in the diagnosis and/or

efficacious treatment of neuro-endocrine tumors (NET) of the pancreas, as well as

diagnosis of malignancy in the pancreas (Kolb, A., et al, Glucagon/insulin ratio as a



potential biomarker for pancreatic cancer in patients with new-onset diabetes mellitus.

Cancer Biol Ther. 2009 Aug;8(16): 1527-33).

Generally, the amount of labeled antibody needed for detectability in in vivo

diagnostic use will vary depending on the patient's age, condition, sex, extent of disease,

contraindications, if any, and other variables, and can be readily adjusted by the attending

physician or diagnostician. A preferred diagnostic method is radioimmuno-scintigraphic

analysis, which is preferably performed in a manner that results in serial total body

gamma camera images, and allows determination of regional activity by quantitative

"region-of-interest" (ROI) analysis.

For in vivo applications, the detectably-labeled, anti-glucagon antibodies, or

antigen-binding fragments thereof, of the present invention can be formulated in

convenient forms for administration. For diagnosis, the detectably labeled anti-glucagon

antibodies, or antigen-binding fragments thereof, of the present invention can be

administered systemically, e.g., parenterally, by injection or infusion. Such injection or

infusion can be by any known route, preferably intravenous injection or infusion,

subcutaneous injection, intramuscular, intracranial, or intrathecal injection or infusion, or

intraperitoneal administration. Injectables can be prepared in conventional forms, either

as solutions or suspensions, or as solid forms. Such compositions can be prepared by

methods well known in the art. See, e.g., Remington: The Science and Practice of

Pharmacy, 19th ed. (1995), A. Gennaro et al, Mack Publishing Co., and comprise anti-

glucagon antibodies disclosed herein, and a pharmaceutically or diagnostically acceptable

carrier, diluent, or excipient. Dosage can vary from 0.01 mg/kg to 100 mg/kg body

weight. Further guidance regarding appropriate doses for diagnostic imaging can be

found in Smith et al. (1977) Antibodies in Human Diagnosis and Therapy, Haber et al,

eds., Raven Press, New York, pages 365-389. For in vivo glucagon detection purposes,

the term "effective amount" of the present anti-glucagon monoclonal antibody, or

antigen-binding fragment thereof, refers to the amount of antibody which, upon single or

multiple dose administration to a patient, provides the ability to detect glucagon in vivo.

Use of the Antibodies of the Invention in Immunoassays:



A particular protein such as glucagon can be measured by a variety of

immunoassay methods including, e.g., without limitation, competitive and non

competitive assay systems using techniques such as, e.g., without limitation, Western

blots, radioimmunoassays, ELISA (enzyme linked immunosorbent assay), "sandwich"

immunoassays, immunoprecipitation assays, precipitin reactions, gel diffusion precipitin

reactions, immunodiffusion assays, agglutination assays, complement-fixation assays,

immunoradiometric assays, fluorescent immunoassays, and protein A immunoassays. For

a review of immunological and immunoassay procedures in general, see for example

Stites and Terr (eds.) (1991) Basic and Clinical Immunology (7th ed.). Moreover, the

immunoassays of the present invention can be performed in many configurations as is

known in the art (See for example Maggio (ed.) (1980) Enzyme Immunoassay CRC

Press, Boca Raton, Florida; Gosling J P 2000 Immunoassays: A Practical Approach

(Practical Approach Series) Oxford Univ Press; Diamandis & Christopoulus, 1996

Immunoassay Academic Press, San Diego, CA).

Immunoassays for quantitation can be performed by a variety of art-known

methods. In brief, immunoassays to measure glucagon can be either competitive or

noncompetitive binding assays. In competitive binding assays, the sample to be analyzed

competes with a labeled analyte for specific binding sites on a capture agent bound to a

solid surface. Preferably, the capture agent is an antibody of the present invention, such as

IBA032, specifically reactive with the glucagon as described herein. The concentration of

labeled analyte bound to the capture agent is inversely proportional to the amount of free

analyte present in the sample.

In a competitive binding immunoassay, the target protein present in the sample

(i.e., glucagon) competes with labeled glucagon for binding to an antibody, or antigen-

binding fragment thereof, of the present invention such as IBA0032. The antibody, or

antigen-binding fragment thereof, of the present invention such as IBA032 may be bound

to a solid surface to effect separation of bound-labeled protein from the unbound-labeled

protein. Alternately, the competitive binding assay may be conducted in liquid phase and

a variety of techniques known in the art may be used to separate the bound-labeled

protein from the unbound-labeled protein. Following separation, the amount of bound



labeled protein is determined. The amount of protein present in the sample is inversely

proportional to the amount of labeled protein binding.

Alternatively, a homogeneous immunoassay may be performed in which a

separation step is not needed. In these immunoassays, the label on the protein is altered

by the binding of the protein to its specific binding composition. This alteration in the

labeled protein results in a decrease or increase in the signal emitted by label such that

measurement of the label at the end of the immunoassay allows for detection or

quantitation of the protein.

Competitive assays are also particularly useful, where the cells are contacted and

incubated with a labeled antibody having known binding affinity to the protein, such as

125
I-antibody, and a test sample whose binding affinity to the binding composition is

being measured. The bound and free-labeled binding compositions are then separated to

assess the degree of protein binding. The amount of test compound bound is inversely

proportional to the amount of labeled binding partner binding to the known source. Any

one of numerous techniques can be used to separate bound from free protein to assess the

degree of protein binding. This separation step could typically involve a procedure such

as adhesion to filters followed by washing, adhesion to plastic followed by washing, or

centrifugation of the cell membranes.

The ability of an antibody of the present invention to immunoprecipitate a

particular antigen can be assessed by, e.g., Western blot analysis. One of skill in the art

would be knowledgeable as to the parameters are modifiable to increase binding of an

antibody to an antigen and to decrease background (e.g., by pre-clearing the cell lysate

with sepharose beads). Further discussion of immunoprecipitation protocols can be found

in, e.g., Ausubel et al, eds., 1994, Current Protocols in Molecular Biology, Vol. 1, John

Wiley & Sons, Inc., New York.

Use of the Antibodies of the Invention in ELISA:

An ELISA assay comprises preparing an antigen, coating the well of a 96 well

microtiter-plate with the antigen, adding the antibody of interest conjugated to a

detectable label such as an enzymatic substrate (e.g., horseradish peroxidase or alkaline

phosphatase) to the well and incubating for a period of time, and detecting the presence of



the antigen. In ELISAs, the antibody of interest does not have to be conjugated to a

detectable label; instead, a second antibody (which recognizes the antibody of interest)

conjugated to a detectable label may be added to the well. Further, instead of coating the

well with the antigen, the capture antibody may be coated to the well. In this case, a

second antibody, the detection antibody, which is specific for a distinct non-competing

epitope of the analyte, and conjugated to a detectable label, may be added following the

addition of the antigen of interest to the coated well. An ordinary artisan can determine

without undue experimentation what parameters to adjust, e.g., to increase signal as well

as what other variations for an ELISA should be used (see, e.g., Ausubel, et al, eds.,

1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New

York).

For example, IBA032 is specific for the c-terminus of the glucagon 1-29

molecule, and may be useful as a glucagon detection antibody for measuring total

glucagon in human blood, serum, or plasma if used in conjunction with a glucagon

capture antibody, such as IBA009, which is specific for the mid region of the glucagon 1-

29 peptide, or other glucagon capture antibodies known in the art.

Alternatively, IBA032 is useful as a glucagon capture antibody for measuring total

glucagon in human blood if used in conjunction with a second glucagon detection

antibody such as anti-glucagon monoclonal antibodies known in the art. Furthermore,

IBA009 may be useful as a glucagon detection antibody for measuring glucagon

precursor or partially processed precursor peptides in blood, plasma, or serum, if used in

conjunction with other anti-glucagon detection antibodies known in the art.

The binding affinity of an antibody to an antigen and the on- and off-rate of an

antibody-antigen interaction can be determined for example by using a competitive

binding assay. One non-limiting example is a radioimmunoassay comprising incubating

labeled antigen (e.g., using H or 1 I) with an antibody of interest in the presence of

increasing amounts of unlabeled antigen, and then detecting the amount of antibody

bound to the labeled antigen. The affinity of the antibody of interest for a particular

antigen and the binding off-rates can be determined from the data by, e.g., Scatchard plot

analysis. Competition with a second antibody can also be determined using, e.g.,

radioimmunoassays.



Use of the Antibodies of the Invention in Articles of Manufacture and Kits

The present invention also provides articles of manufacture and kits containing

compositions useful for diagnosing, detecting, quantifying, and/or imaging soluble

glucagon or glucagon-positive cells. The article of manufacture may comprise a

container with a written label. The container may hold a composition comprising the anti-

glucagon monoclonal antibody of the present invention, or an antigen-binding fragment

thereof, which is either detectably labeled, or unlabeled. The label on the container may

indicate that the composition is used for prognosing or monitoring diabetes, or for

diagnosing or monitoring particular types of cells that express glucagon, or for

monitoring a condition for which glucagon levels are prognostic, or for prediction of an

effective target for therapy. In another embodiment, the label may indicate that the

composition is useful for detecting and/or quantifying glucagon, and can also indicate

directions for either in vivo or in vitro use.

The kit of the present invention can also comprise a container comprising a

secondary antibody or even a glucagon antigen, preferably the antigen comprises the c-

terminus of human glucagon as in SEQ ID NO: 29. The secondary antibody or glucagon

antigen can be conjugated with an enzyme or other label. A chromogenic substrate of the

enzyme can also be included in the kit. The kit may further include other materials

desirable from a commercial and user standpoint, including buffers, diluents, filters,

needles, syringes, and package inserts with instructions for use in vivo, in vitro, or both.

The monoclonal antibodies and antigen-binding fragments thereof of the present

invention, are useful in diagnostic procedures and can be used to select and stratify, for

example, pre-diabetic and/or diabetic patients, and to monitor patient responses to

glucagon receptor antagonists or other diabetes therapeutics using blood or tissue samples

collected by routine methods.

The present methods thus offer newly diagnosed diabetes patients a form of risk

stratification that uses noninvasive means to assess the probability that a given condition

may subsequently progress to diabetes. Such information improves the ability to design

appropriate monitoring and therapy protocols on an individual patient basis.



The glucagon antibodies or glucagon/anti-glucagon monoclonal antibody

complexes of the present invention and methods disclosed herein can be used in the

diagnosis of a variety of mammalian species, and are equally applicable in the practice of

human or veterinary medicine. Thus, these antibodies, complexes, and methods may be

used with domestic and commercial animals, and most preferably, with humans.

The following examples are offered for illustrative purposes only, and are not intended to

limit the scope of the present invention.

Example 1

Antibody Expression and Purification

A panel of murine anti-glucagon antibodies is obtained using standard hybridoma

technology, and screened to identify a pair of reagents that could be used to develop an

ELISA-based assay. Mutations are systematically introduced into individual

complementarity determining regions (CDRs) of each antibody and the resulting libraries

are subjected to multiple rounds of selection with decreasing concentrations of antigen

and/or increasing periods of dissociation to isolate clones with improved affinities. The

sequences of individual variants are determined and used to construct a combinatorial

library which is subjected to further rounds of selection with increased stringency to

identify additive or synergistic mutational pairings between the individual CDR regions.

Individual combinatorial clones are sequenced and binding characteristics are determined.

Engineered and/or optimized anti-glucagon antibodies referred to herein as

IBA009 and IBA032 are obtained, having the amino acid sequences of the variable

regions of the heavy chain and light chain, and the complete heavy chain and light chain

amino acid sequences, and the nucleotide sequences encoding the same, as listed below in

the section entitled "Amino Acid and Nucleotide Sequences". The sequence ID's

corresponding to these fragments are shown below in Table 1, as well as the light chain

and heavy chain CDR amino acid sequences.

Table 1A-1D.



A. CDR Amino Acid Sequences of Antibody IBA009

CDRs Amino Acid Sequences

IBA009 LCDR 1 KASENAGTYVA (SEQ ID NO: 1)

IBA009 LCDR 2 NGSHRYD (SEQ ID NO: 2)

IBA009 LCDR 3 GQSYSYPWT (SEQ ID NO: 3)

IBA009 HCDR 1 GYNFNDYWLN (SEQ ID NO: 4)

IBA009 HCDR 2 NAYPGWGIINYNEKFKS (SEQ ID NO: 5)

IBA009 HCDR 3 DYDNAY (SEQ ID NO: 6)

B. CDR Amino Acid Sequences of Antibody IBA032

CDRs Amino Acid Sequences

IBA032 LCDR 1 RSPKSLVGPMGRTYLY (SEQ ID NO: 15)

IBA032 LCDR 2 RRNNLAP (SEQ ID NO: 16)

IBA032 LCDR 3 MQHLEFPLT (SEQ ID NO: 17)

IBA032 HCDR 1 GYNFTDYWIH (SEQ ID NO: 18)

IBA032 HCDR 2 YFSTHSDYAIINQKFRD (SEQ ID NO: 19)

IBA032 HCDR 3 GGLGLSY (SEQ ID NO: 20)

C. IBA009 and IBA032 Amino Acid Sequences

mAb Fragment Amino Acid Sequences

IBA009 LCVR SEQ ID NO: 7

IBA009 HCVR SEQ ID NO: 9

IBA009 LC SEQ ID NO: 11

IBA009 HC SEQ ID NO: 13

IBA032 LCVR SEQ ID NO: 2 1

IBA032 HCVR SEQ ID NO: 23

IBA032 LC SEQ ID NO: 25

IBA032 HC SEQ ID NO: 27



D. cDNA sequences encoding IBA009 and IBA032 amino acid sequences:

The anti-glucagon antibodies of the present invention, or antigen binding

fragments thereof, including but not limited to IBA009 (SEQ ID NO: 12 and SEQ ID NO:

14), and IBA032 (SEQ ID NO: 26 and SEQ ID NO: 28), may be transiently expressed,

using vectors known in the art to be suitable for expression in HEK293 EBNA cells

(Edge BioSystems, #90500130), following standard transfection procedures. Briefly, a

recombinant vector or vectors comprising SEQ ID NO: 12 and SEQ ID NO: 14, or SEQ

ID NO: 26 and SEQ ID NO: 28, may be constructed and used to transiently transfect

HEK293 EBNA cells. Transfected cells are cultured in standard serum-free medium

containing geneticin (G418) and tobramycin for 48 to 120 hours at 37 °C after

transfection. The anti-glucagon antibody may be purified on a 60 ml rProtein A

Sepharose column (Amersham Biosciences; #17-1279-04) by following the

manufacturer's instructions, and further concentrated and purified by size exclusion

chromatography (XK50/60 Superdex200, Pharmacia) with phosphate buffered saline

(PBS), pH 7.4, as the mobile phase. Next, the antibody preparation may be filtered using

a Millev-GV, PVDF membrane, 0.22 µιη, 33 mm, (Millipore; #SLGV033RS) and stored

at 4 to 8 °C or frozen at -20 to -80 °C.



Example 2

Binding Kinetics and Affinity of Antibodies IBA009 and IBA032

The binding kinetics of anti-glucagon monoclonal antibodies of the present

invention to glucagon may be determined by use of a surface plasmon resonance

biosensor such as a BIAcore® 2000, BIAcore® 3000, or a BIAcore® T100 (GE Health

Care, Piscataway, NJ) according to methods known in the art. Except as noted, all

reagents and materials may be purchased from Biacore , and measurements may be

performed at 25 °C.

Briefly described, the anti-glucagon monoclonal antibody IBA009 or IBA032,

may be dissolved in HBS-EP buffer (150 mM sodium chloride, 3 mM EDTA, 0.005%

(w/v) surfactant P-20, and 10 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid

(HEPES) at pH 7.4; #BR-1001-88). Goat anti-mouse Fc antibody is immobilized on flow

cells 1 to 4 of a CM5 sensor chip at a level of 4000 response units (RUs) using amine

coupling chemistry to capture anti-glucagon antibodies.

Binding may be evaluated using multiple analytical cycles. Each cycle is

performed at a flow rate of 50 µΐ/minute, and may consist of the following steps: injection

of about 10 µΐ of the anti-glucagon monoclonal antibody IBA009 or IBA032 at 10 µg/ml

aiming at a capture of 40-100 RUs, injection of 250 µΐ of glucagon (1-29) (Anaspec

22456)-(starting at 100 nM and using two-fold serial dilutions for each cycle) followed by

20 minutes for dissociation, and regeneration using about 30 µΐ of 10 mM glycine

hydrochloride, pH 1.5. Association and dissociation rates for each cycle may be

evaluated using a " 1:1 (Langmuir) binding" model in the BIAevaluation software 4.1.

The anti-glucagon monoclonal antibodies IBA009 and IBA032 may be tested for

binding kinetics to glucagon. As shown in Table 2 below, IBA009 and IBA032 bind

glucagon with very high binding affinity (KD) . Table 2 also displays kon and k ff rate data.

-13
The antibody IBA009 of Example 1 was determined to have a ¾ of 7.3 x 10 M. The

-12
antibody IBA032 of Example 1 was determined to have a ¾ of 8.7 x 10 M. These data

indicate that antibodies IBA009 and IBA032 each bind glucagon with high affinity.

IBA009 demonstrates an affinity for glucagon about 130 fold stronger than an anti-

glucagon antibody known in the art as 2D3-2B1 1 (commercially available from Sigma-



Aldrich, product number WH0002641M1). IBA032 demonstrates an affinity for glucagon

about 800 fold stronger than an anti-glucagon antibody known in the art as K79bB10

(commercially available from Sigma-Aldrich, product number G2654).

Table 2. Binding Kinetics and Affinity of Antibodies IBA009 and IBA032

Example 3

Human glucagon ELISA using IBA009 and IBA032

The antibodies IBA009 and IBA032 of Example 1 are utilized to develop and

validate an enzyme-linked immunosorbent assay (ELISA) for glucagon levels in patients.

The glucagon sandwich ELISA is performed on MSD Streptavidin 96-well plates that are

washed three times with TBST (Tris buffered saline containing 10 mmol/L Tris pH 7.40,

150 mmol/L NaCl with 1 mL Tween 20/L) and blocked with 1% Ovalbumin (Sigma) in

TBS for one hour at room temperature. Following washing of the plate, 50 µ of biotin-

labeled IBA009 capture antibody ( 1 µg/mL) is added and allowed to bind to the plate for

one hour with gentle shaking. Afterward, the wells are washed three times with TBST,

and 100 of glucagon standards consisting of varying concentrations of glucagon

protein (e.g., SEQ ID NO: 29) in assay buffer consisting of 50 mmol/L HEPES, pH 7.40,

150 mmol/L NaCl, 10 mL/L Triton X-100, 5 mmol/L EDTA, and 5 mmol/L EGTA and

1% ovalbumin, which is supplemented with 100 µg/mL Heterophilic Blocking Reagent

(Scantibodies) are added to the wells to generate a calibration curve. Plasma samples are

diluted 1:8 in the same assay buffer, added to their respective wells, and incubated for 2.5

hours at room temperature with gentle rocking. Following aspiration, wells are washed 3

times with TBST, and 50 µ ΐ of ^g/mL ruthenium-labeled conjugate glucagon-specific

detection antibody IBA032 are added to the wells, which are incubated for 2.5 hours at



room temperature. The plate is again washed three times with TBST, and 150 µΐ of 2X-

MSD Read Buffer T is added to the wells. The plate is then read on an MSD reader which

records ruthenium electrochemiluminescence. Concentrations of glucagon in samples are

interpolated against a standard curve made up of reference standard glucagon (Eli Lilly

and Company) using a 4 PL fit (MSD discovery workbench). MesoScale Discovery

software is used for fitting ELISA calibration curves and enterpolation of unknown values

(See Figure 2).

Specificity of the ELISA for other closely related members of the incretin peptide

superfamily may be also tested using oxyntomodulin, GIP, GLP-1, GLP-2, secretin and

vasoactive intestinal peptide, for example, with each at a concentration of 100 ng/mL. No

cross-reactivity is observed with any of these other peptides, indicating that the ELISA of

Example 3 possesses specificity for glucagon. The ELISA of the present invention

demonstrates excellent recovery, precision, and linearity, and a broad dynamic range of

0.14 pmol/L to 1950 pmol/L. The LLOQ at a CV of 20% is determined to be 0.14

pmol/L. Since samples are diluted 1:8 prior to analysis, this corresponds to a reportable

lower limit of 1.12 pmol/L.

Fifty eight healthy single donor plasma samples are analyzed to establish a

reference range. The mean glucagon level is determined to be 13.1 + 0.7 pmol/L with an

observed range from 5.3 to 37.4 pmol/L, demonstrating that the ELISA has more than

adequate sensitivity to detect glucagon levels in normal individuals.

Measurement of glucagon in plasma from normal healthy subjects following

acetone extraction gives a mean value of 12 pmol/L (Von Schenck H, Nilsson OR.

Radioimmunoassay of extracted glucagon compared with three non-extraction assays.

Clinica Chimica Acta 1981; 109:183-191), which agrees with the values obtained from

similar samples measured in the ELISA of Example 3.

The use of high affinity engineered monoclonal antibodies of the present

invention in a sandwich ELISA format provides a robust, sensitive, and convenient high

throughput method for measuring concentrations of glucagon that is highly sensitive and

specific. The ELISA method described herein has several advantages over currently

available RIA methods. First, the assay uses two high affinity monoclonal antibodies

which bind to glucagon. This allows for sustainable production of the monoclonal



antibodies and does not rely upon polyclonal antisera. Avoidance of polyclonal antisera

overcomes the problem of limited quantities of a batch of polyclonal sera, and the

variable quality of such antisera batch to batch. An ELISA of the present invention

comprising IBA032 and IBA009 offers several significant advantages over the currently

available radioimmunoassay (RIA) kits from Alpco and Millipore. For instance, plasma

glucagon levels as measured by RIA have been shown to vary depending on the particular

antisera used. RIA methods in the art utilizing C-terminal-directed polyclonal antisera

have especially short dynamic ranges (approx 5 pmol/L to 150 pmol/L), most likely due

to the conserved nature of the glucagon peptide and thus poor immunogenicity. In

contrast, with the sandwich ELISA of Example 3, utilization of high affinity optimized

monoclonal antibodies and the Mesoscale Discovery (MSD) electrochemiluminescent

(ECL) format provides an assay with extended range and superior sensitivity. Further, in

contrast to RIA's that must be run in glass tubes, the 96-well plate-based assay format of

Example 3 makes it possible to have greater throughput and better automation. In

addition, the sandwich ELISA of Example 3 further avoids the costs associated with

radioactive waste, the short expiration time of the labeled tracer, and the lot to lot

variation of tracer that must be manufactured every one to two months.

Another advantage of the present monoclonal antibodies is the c-terminal

specificity of antibody IBA032, which results in a lack of binding of this antibody to

oxyntomodulin. Oxyntomodulin is a peptide that contains the glucagon 1-29 sequence,

plus an 8 amino acid carboxyterminal extension, and can create a source of false positive

signal in other glucagon assays known in the art which lack this c-terminal specificity.

The assay demonstrates increased sensitivity, being approximately 10X more

sensitive than methods known in the art. Further, the ELISA requires less sample volume,

approximately 10X less, and requires less time to complete the assay, approximately 6 hrs

as compared to 3 days for an RIA. In addition, the ELISA of the present invention

demonstrates robust dynamic range, avoiding the problem experienced when sample

levels exceed the quantitation range on the high end of the RIA method of the art, and

thus require an additional freeze-thaw and rerunning at a higher dilution which often

leads to inconsistent results.



The ELISA of the present invention likewise demonstrates advantages over the

commercially available kit from Meso Scale Discovery (MSD), due to increased

sensitivity and dynamic range as shown in Figure 2. The ELISA of the present invention

demonstrates surprisingly improved sensitivity and is capable of detecting baseline

glucagon in plasma and/or serum samples at levels below those reported to be testable

with the existing MSD glucagon assay kit. Further, the ELISA of the present invention

can detect relatively small changes in glucagon levels over a remarkably wide range (over

4 logs) of glucagon concentrations. The ELISA of the present invention exhibits

sensitivity such that the typical dilution is a 1:8, and the resulting 12.5 % serum or plasma

matrix and 87.5% buffer concentrations minimize confounding cross-reactivity also

known as "matrix interference".



Amino Acid and Nucleotide Sequences

<SEQ ID NO: 1; PRT1; Artificial [IBA009 LCDR1]
KASENAGTYVA

<SEQ ID NO: 2; PRT1; Artificial [IBA009 LCDR2]
NGSHRYD

<SEQ ID NO: 3; PRT1; Artificial [IBA009 LCDR3]
GQSYSYPWT

<SEQ ID NO: 4; PRT1; Artificial [IBA009 HCDR1]
GYNFNDYWLN

<SEQ ID NO: 5; PRT1; Artificial [IBA009 HCDR2]
NAYPGWGIINYNEKFKS

<SEQ ID NO: 6; PRT1; Artificial [IBA009 HCDR3]
DYDNAY

<SEQ ID NO: 7; PRT1; Artificial [IBA009 LCVR]
NIVMTQSPKSMSMSVGERVTLTCKASENAGTYVAWYQQKPEQSPKLLIYNGSHRYDGVPD
RFTGSGSATDFTLTISSVQAEDLADYYCGQSYSYPWTFGGGTKLEMKR

<SEQ ID NO: 8; DNA; Artificial [IBA009 LCVR]
AACATTGTGATGACCCAGAGCCCGAAAAGCATGAGCATGAGCGTGGGCGAACGTGTGACC
CTGACCTGCAAAGCGAGCGAGAACGCTGGCACCTATGTTGCGTGGTATCAGCAGAAACCG
GAACAGTCTCCGAAACTGCTGATCTATAATGGGAGCCACCGGTATGACGGCGTGCCGGAT
CGTTTTACCGGCAGCGGCAGCGCGACCGATTTCACCCTGACCATTAGCAGCGTGCAGGCG
GAAGATCTGGCGGATTATTACTGCGGCCAGAGCTATAGCTATCCGTGGACCTTTGGCGGT
GGGACCAAGCTGGAAATGAAACGG

<SEQ ID NO: 9; PRT1; Artificial [IBA009 HCVR]
QVQLLQPGAELVKPGASVKLSCKASGYNFNDYWLNWVKQRPGQGLEWIGNAYPGWGIINY
NEKFKSKVTLTVDTSSSTVYMQLSSLTSDDSAVYYCARDYDNAYWGQGTTVTVSS

<SEQ ID NO: 10; DNA; Artificial [IBA009 HCVR]
CAGGTGCAGCTGCTGCAGCCGGGTGCCGAACTGGTTAAACCGGGTGCCAGCGTGAAACTG
AGCTGCAAAGCGAGCGGCTATAACTTCAACGACTATTGGCTTAACTGGGTGAAACAGCGT
CCGGGCCAGGGCCTGGAATGGATTGGCAATGCCTATCCGGGCTGGGGCATCATTAACTAT
AACGAAAAATTCAAAAGCAAAGTGACCCTGACCGTGGATACCAGCAGCAGCACCGTGTAT
ATGCAGCTGTCTAGCCTGACCAGCGATGATAGCGCGGTGTATTATTGCGCGCGTGATTAT
GATAACGCGTATTGGGGTCAGGGCACCACGGTCACCGTCTCCTCA

<SEQ ID NO: 11; PRT1; Artificial [IBA009 LC]



NIVMTQSPKSMSMSVGERVTLTCKASENAGTYVAWYQQKPEQSPKLLIYNGSHRYDGVPD
RFTGSGSATDFTLTISSVQAEDLADYYCGQSYSYPWTFGGGTKLEMKRADAAPTVSIFPP
SSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLT
LTKDEYERHNSYTCEATHKTSTSPIVKSFNRNEC

<SEQ ID NO: 12; DNA; Artificial [IBA0091 LC]
AACATTGTGATGACCCAGAGCCCGAAAAGCATGAGCATGAGCGTGGGCGAACGTGTGACC
CTGACCTGCAAAGCGAGCGAGAACGCTGGCACCTATGTTGCGTGGTATCAGCAGAAACCG
GAACAGTCTCCGAAACTGCTGATCTATAATGGGAGCCACCGGTATGACGGCGTGCCGGAT
CGTTTTACCGGCAGCGGCAGCGCGACCGATTTCACCCTGACCATTAGCAGCGTGCAGGCG
GAAGATCTGGCGGATTATTACTGCGGCCAGAGCTATAGCTATCCGTGGACCTTTGGCGGT
GGGACCAAGCTGGAAATGAAACGGGCTGATGCGGCGCCAACTGTATCCATCTTCCCACCA
TCCAGTGAGCAGTTAACATCTGGAGGTGCCTCAGTCGTGTGCTTCTTGAACAACTTCTAC
CCCAAAGACATCAATGTCAAGTGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCCTG
AACAGTTGGACTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTCACG
TTGACCAAGGACGAGTATGAACGACATAACAGCTATACCTGTGAGGCCACTCACAAGACA
TCAACTTCACCCATTGTCAAGAGCTTCAACAGGAATGAGTGT

<SEQ ID NO: 13; PRT1; Artificial [IBA009 HC]
QVQLLQPGAELVKPGASVKLSCKASGYNFNDYWLNWVKQRPGQGLEWIGNAYPGWGIINY
NEKFKSKVTLTVDTSSSTVYMQLSSLTSDDSAVYYCARDYDNAYWGQGTTVTVSSAKTTP
PSVYPLAPGSAAQTNSMVTLGCLVKGYFPEPVTVTWNSGSLSSGVHTFPAVLQSDLYTLS
SSVTVPSSTWPSETVTCNVAHPASSTKVDKKIVPRDCGCKPCICTVPEVSSVFIFPPKPK
DVLTITLTPKVTCVVVDISKDDPEVQFSWFVDDVEVHTAQTQPREEQFNSTFRSVSELPI
MHQDWLNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKVSLTCM
ITDFFPEDITVEWQWNGQPAENYKNTQPIMDTDGSYFVYSKLNVQKSNWEAGNTFTCSVL
HEGLHNHHTEKSLSHSPGK

<SEQ ID NO: 14; DNA; Artificial [IBA009 HC]
CAGGTGCAGCTGCTGCAGCCGGGTGCCGAACTGGTTAAACCGGGTGCCAGCGTGAAACTG
AGCTGCAAAGCGAGCGGCTATAACTTCAACGACTATTGGCTTAACTGGGTGAAACAGCGT
CCGGGCCAGGGCCTGGAATGGATTGGCAATGCCTATCCGGGCTGGGGCATCATTAACTAT
AACGAAAAATTCAAAAGCAAAGTGACCCTGACCGTGGATACCAGCAGCAGCACCGTGTAT
ATGCAGCTGTCTAGCCTGACCAGCGATGATAGCGCGGTGTATTATTGCGCGCGTGATTAT
GATAACGCGTATTGGGGTCAGGGCACCACGGTCACCGTCTCCTCAGCCAAAACGACACCC
CCATCTGTCTATCCGCTAGCCCCTGGATCTGCCGCCCAGACCAACAGCATGGTGACCCTG
GGCTGTCTGGTGAAGGGCTACTTCCCTGAGCCTGTGACAGTGACCTGGAACAGCGGCTCT
CTGTCTAGCGGCGTGCACACATTCCCTGCCGTGCTGCAGAGCGACCTGTACACCCTGAGC
AGCAGCGTGACCGTGCCTAGCAGCACATGGCCTAGCGAGACCGTGACATGCAACGTGGCC
CACCCTGCCTCTTCTACCAAGGTGGACAAGAAGATCGTGCCCAGAGACTGCGGCTGCAAG
CCTTGCATCTGCACCGTGCCTGAGGTGAGCAGCGTGTTCATCTTCCCACCCAAGCCCAAG
GACGTGCTCACCATCACCCTCACCCCCAAGGTCACGTGTGTTGTGGTAGACATCAGCAAG
GATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATGATGTGGAGGTGCACACAGCTCAG
ACGCAACCCCGGGAGGAGCAGTTCAACAGC AC TTCCGCTCAGTCAGTGAACTTCC CATC
ATGCACCAGGACTGGCTCAATGGCAAGGAGTTCAAATGCAGGGTCAACAGTGCAGCTTTC



CCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGCAGACCGAAGGCTCCACAGGTG
TACACCATTCCACCTCCCAAGGAGCAGATGGCCAAGGATAAAGTCAGTCTGACCTGCATG
ATAACAGACTTCTTCCCTGAAGACATTACTGTGGAGTGGCAGTGGAATGGGCAGCCAGCG
GAGAACTACAAGAACACTCAGCCCATCATGGACACAGATGGCTCTTACTTCGTCTACAGC
AAGCTCAATGTGCAGAAGAGCAACTGGGAGGCAGGAAATACTTTCACCTGCTCTGTGTTA
CATGAGGGCCTGCACAACCACCATACTGAGAAGAGCCTCTCCCACTCTCCTGGTAAA

<SEQ ID NO: 15; PRT1; Artificial [IBA032 LCDR1]
RSPKSLVGPMGRTYLY

<SEQ ID NO: 16; PRT1; Artificial [IBA032 LCDR2]
RRNNLAP

<SEQ ID NO: 17; PRT1; Artificial [IBA032 LCDR3]
MQHLEFPLT

<SEQ ID NO: 18; PRT1; Artificial [IBA032 HCDR1]
GYNFTDYWIH

<SEQ ID NO: 19; PRT1; Artificial [IBA032 HCDR2]
YFSTHSDYAIINQKFRD

<SEQ ID NO: 20; PRT1; Artificial [IBA032 HCDR3]
GGLGLSY

<SEQ ID NO: 21; PRT1; Artificial [IBA032 LCVR]
DIVMTQAAPSVLVTPGESVSISCRSPKSLVGPMGRTYLYWFLQRPGQSPQLLIYRRNNLA
PGVPDRFSGSGSGTAFTLRISRVEAEDVGIYYCMQHLEFPLTFGAGTKLEIKR

<SEQ ID NO: 22; DNA; Artificial [IBA032 LCVR]
GATATTGTGATGACCCAGGCAGCGCCGAGCGTTCTGGTTACCCCGGGTGAAAGCGTGAGC
ATTAGCTGCCGAAGCCCAAAAAGCCTAGTGGGTCCCATGGGAAGGACCTATCTATATTGG
TTTCTGCAGCGTCCGGGTCAGAGCCCGCAGCTGCTGATTTATCGTCGGAACAACCTGGCA
CCAGGTGTGCCGGATCGTTTTAGCGGCAGCGGTAGCGGCACCGCGTTTACCCTGCGTATT
AGCCGTGTGGAAGCGGAAGATGTGGGCATTTATTATTGCATGCAGCACCTGGAATTCCCG
CTGACCTTTGGTGCGGGCACCAAGCTGGAAATCAAACGG

<SEQ ID NO: 23; PRT1 ; Artificial [IBA032 HCVR]
QVQLQQSGAELVKPGASVKMSCKASGYNFTDYWIHWVKERPGQGLEWIGYFSTHSDYAII
NQKFRDKATLTADKSSRLAYMQLSSLTSEDSAIYYCARGGLGLSYWGQGTTVTVSS

<SEQ ID NO: 24; DNA; Artificial [IBA032 HCVR]
CAGGTGCAGCTGCAGCAGAGCGGTGCGGAACTGGTGAAACCGGGTGCGAGCGTGAAAATG
AGCTGCAAAGCGAGCGGCTATAACTTTACAGATTATTGGATTCACTGGGTGAAAGAACGT



CCGGGCCAGGGCCTGGAATGGATTGGCTATTTTAGTACGCATAGCGATTATGCCATCATT
AACCAGAAATTCAGAGATAAAGCGACCCTGACCGCGGATAAAAGCAGCCGTCTGGCCTAT
ATGCAGCTGTCTAGCCTGACCAGCGAAGATAGCGCGATTTATTACTGCGCGCGTGGCGGC
TTAGGCCTGAGCTATTGGGGCCAGGGTACCACGGTCACAGTCTCCTCA

<SEQ ID NO: 25; PRT1; Artificial [IBA032 LC]
DIVMTQAAPSVLVTPGESVSISCRSPKSLVGPMGRTYLYWFLQRPGQSPQLLIYRRNNLA
PGVPDRFSGSGSGTAFTLRISRVEAEDVGIYYCMQHLEFPLTFGAGTKLEIKRADAAPTV
SIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSM
SSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNEC

<SEQ ID NO: 26; DNA; Artificial [IBA032 LC]
GATATTGTGATGACCCAGGCAGCGCCGAGCGTTCTGGTTACCCCGGGTGAAAGCGTGAGC
ATTAGCTGCCGAAGCCCAAAAAGCCTAGTGGGTCCCATGGGAAGGACCTATCTATATTGG
TTTCTGCAGCGTCCGGGTCAGAGCCCGCAGCTGCTGATTTATCGTCGGAACAACCTGGCA
CCAGGTGTGCCGGATCGTTTTAGCGGCAGCGGTAGCGGCACCGCGTTTACCCTGCGTATT
AGCCGTGTGGAAGCGGAAGATGTGGGCATTTATTATTGCATGCAGCACCTGGAATTCCCG
CTGACCTTTGGTGCGGGCACCAAGCTGGAAATCAAACGGGCTGATGCGGCGCCCACTGTA
TCCATCTTCCCACCATCCAGTGAGCAGTTAACATCTGGAGGTGCTAGCGTCGTGTGCTTC
TTGAACAACTTCTACCCCAAAGACATCAATGTCAAGTGGAAGATTGATGGCAGTGAACGA
CAAAATGGCGTCCTGAACAGTTGGACTGATCAGGACAGCAAAGACAGCACCTACAGCATG
AGCAGCACCCTCACGTTGACCAAGGACGAGTATGAACGACATAACAGCTATACCTGTGAG
GCCACTCACAAGACATCAACTTCACCCATTGTCAAGAGCTTCAACAGGAATGAGTGT

<SEQ ID NO: 27; PRT1; Artificial [IBA032 HC]
QVQLQQSGAELVKPGASVKMSCKASGYNFTDYWIHWVKERPGQGLEWIGYFSTHSDYAI INQKFRDKATLTA
DKSSRLAYMQLSSLTSEDSAIYYCARGGLGLSYWGQGTTVTVSSAKTTPPSVYPLAPGSAAQTNSMVTLGCL
VKGYFPEPVTVTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVPSSTWPSETVTCNVAHPASSTKVDKKIVPR
DCGCKPCICTVPEVSSVFIFPPKPKDVLTITLTPKVTCVWDISKDDPEVQFSWFVDDVEVHTAQTQPREEQ
FNSTFRSVSELPIMHQDWLNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTI PPPKEQMAKDKVSLTC
MITDFFPEDITVEWQWNGQPAENYKNTQPIMDTDGSYFVYSKLNVQKSNWEAGNTFTCSVLHEGLHNHHTEK
SLSHSPGK

<SEQ ID NO: 28; DNA; Artificial [IBA032 HC]
CAGGTGCAGCTGCAGCAGAGCGGTGCGGAACTGGTGAAACCGGGTGCGAGCGTGAAAATG
AGCTGCAAAGCGAGCGGCTATAACTTTACAGATTATTGGATTCACTGGGTGAAAGAACGT
CCGGGCCAGGGCCTGGAATGGATTGGCTATTTTAGTACGCATAGCGATTATGCCATCATT
AACCAGAAATTCAGAGATAAAGCGACCCTGACCGCGGATAAAAGCAGCCGTCTGGCCTAT
ATGCAGCTGTCTAGCCTGACCAGCGAAGATAGCGCGATTTATTACTGCGCGCGTGGCGGC
TTAGGCCTGAGCTATTGGGGCCAGGGTACCACGGTCACAGTCTCCTCAGCCAAAACGACA
CCCCCATCTGTCTATCCGCTAGCCCCTGGATCTGCCGCCCAGACCAACAGCATGGTGACC
CTGGGCTGTCTGGTGAAGGGCTACTTCCCTGAGCCTGTGACAGTGACCTGGAACAGCGGC
TCTCTGTCTAGCGGCGTGCACACATTCCCTGCCGTGCTGCAGAGCGACCTGTACACCCTG
AGCAGCAGCGTGACCGTGCCTAGCAGCACATGGCCTAGCGAGACCGTGACATGCAACGTG
GCCCACCCTGCCTCTTCTACCAAGGTGGACAAGAAGATCGTGCCCAGAGACTGCGGCTGC
AAGCCTTGCATCTGCACCGTGCCTGAGGTGAGCAGCGTGTTCATCTTCCCACCCAAGCCC



AAGGACGTGCTCACCATCACCCTCACCCCCAAGGTCACGTGTGTTGTGGTAGACATCAGC

AAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATGATGTGGAGGTGCACACAGCT

CAGACGCAACCCCGGGAGGAGCAGTTCAACAGCACTTTCCGCTCAGTCAGTGAACTTCCC

ATCATGCACCAGGACTGGCTCAATGGCAAGGAGTTCAAATGCAGGGTCAACAGTGCAGCT

TTCCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGCAGACCGAAGGCTCCACAG

GTGTACACCATTCCACCTCCCAAGGAGCAGATGGCCAAGGATAAAGTCAGTCTGACCTGC

ATGATAACAGACTTCTTCCCTGAAGACATTACTGTGGAGTGGCAGTGGAATGGGCAGCCA

GCGGAGAACTACAAGAACACTCAGCCCATCATGGACACAGATGGCTCTTACTTCGTCTAC

AGCAAGCTCAATGTGCAGAAGAGCAACTGGGAGGCAGGAAATACTTTCACCTGCTCTGTG

TTACATGAGGGCCTGCACAACCACCATACTGAGAAGAGCCTCTCCCACTCTCCTGGTAAA

<SEQ ID NO: 29; PRT1; Homo sapiens> [glucagon]

HSQGTFTSDYSKYLDSRRAQDFVQWLMNT



We Claim:

1. A monoclonal antibody, or antigen-binding fragment thereof, that specifically

binds to glucagon consisting of the amino acid sequence

HSQGTFTSDYSKYLDSRRAQDFVQWLMNT (SEQ ID NO: 29), the antibody, or

fragment thereof, comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences KASENAGTYVA (SEQ ID NO: 1), NGSHRYD

(SEQ ID NO: 2), and GQSYSYPWT (SEQ ID NO: 3), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

comprising the amino acid sequences GYNFNDYWLN (SEQ ID NO: 4),

NAYPGWGIINYNEKFKS (SEQ ID NO: 5), and DYDNAY (SEQ ID NO: 6),

respectively.

2. The monoclonal antibody, or antigen-binding fragment thereof, of claim 1

comprising:

a light chain variable region (LCVR) comprising the amino acid sequence as in

SEQ ID NO: 7, and

a heavy chain variable region (HCVR) comprising the amino acid sequence as in

SEQ ID NO: 9.

3. The monoclonal antibody, or antigen-binding fragment thereof, of claims 1 or

2 comprising:

a light chain comprising the amino acid sequence as in SEQ ID NO: 11, and

a heavy chain comprising the amino acid sequence as in SEQ ID NO: 13.

4. The monoclonal antibody, or antigen-binding fragment thereof, of any one of

claims 1-3 comprising two light chains and two heavy chains, wherein each of the light

chains consist of the amino acid sequence as in SEQ ID NO: 11 and each of the heavy

chains consist of the amino acid sequence as in SEQ ID NO: 13.



5. The monoclonal antibody, or antigen-binding fragment thereof, that

specifically binds to glucagon consisting of the amino acid sequence as in SEQ ID NO:

29, the antibody, or fragment thereof, comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

comprising the amino acid sequences GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAiiNQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively.

6. The monoclonal antibody, or antigen-binding fragment thereof, of claim 5, that

specifically binds to glucagon consisting of the amino acid sequence as in SEQ ID NO:

29, said antibody, or antigen-binding fragment thereof, comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

wherein the amino acid sequences are RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

wherein the amino acid sequences are GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively.

7. The monoclonal antibody, or antigen-binding fragment thereof, of claim 5

comprising:

a light chain variable region (LCVR) comprising the amino acid sequence as in

SEQ ID NO: 21, and

a heavy chain variable region (HCVR) comprising the amino acid sequence as in

SEQ ID NO: 23.

8. The monoclonal antibody, or antigen-binding fragment thereof, of claims 5, 6

or 7 comprising:

a light chain comprising the amino acid sequence as in SEQ ID NO: 25, and



a heavy chain comprising the amino acid sequence as in SEQ ID NO: 27.

9. The monoclonal antibody, or antigen-binding fragment thereof, of any one of

claims 5-8 comprising two light chains and two heavy chains, wherein each of the light

chains consist of the amino acid sequence as in SEQ ID NO: 25 and each of the heavy

chains consist of the amino acid sequence as in SEQ ID NO: 27.

10. The monoclonal antibody, or antigen-binding fragment thereof, of any one of

claims 1-9, further comprising a detectable label.

11. The monoclonal antibody, or antigen-binding fragment thereof, of any one of

claims 1-10, wherein said detectable label is selected from the group consisting of a

chromophore, a chromogen, a dye, a fluorescent agent, a fluorogenic agent, a

phosphorescent agent, a chemiluminescent agent, a bioluminescent agent, a radionuclide,

a positron emission tomography-imageable agent, and a magnetic resonance-imageable

agent.

12. A composition comprising a monoclonal antibody, or antigen-binding

fragment thereof, of any one of claims 1-11, and a diagnostically acceptable carrier,

diluent, or excipient.

13. A kit comprising a container comprising a monoclonal antibody, or antigen-

binding fragment thereof, that specifically binds to a polypeptide comprising the glucagon

amino acid sequence as in SEQ ID NO: 29, said monoclonal antibody, or antigen-binding

fragment thereof, comprising:

light chain complementarity determining regions LCDR1, LCDR2, and LCDR3

comprising the amino acid sequences RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively, and

heavy chain complementarity determining regions HCDR1, HCDR2, and HCDR3

comprising the amino acid sequences GYNFTDYWIH (SEQ ID NO: 18),



YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively.

14. The kit of claim 13 further comprising a container comprising a secondary

antibody that binds to the monoclonal antibody, or antigen-binding fragment thereof; and,

optionally, instructions for using the monoclonal antibody, or antigen-binding fragment

thereof with or without the secondary antibody to detect glucagon in vivo or in vitro.

15. The kit of claim 14, wherein said secondary antibody is conjugated to an

enzyme.

16. The kit of claim 15, further comprising a container having a chromogenic

substrate of said enzyme.

17. A method of determining the glucagon level in a bodily fluid comprising:

(a) contacting the bodily fluid with an anti-glucagon diagnostic

monoclonal antibody, or antigen-binding fragment thereof, that specifically binds

to glucagon consisting of the amino acid sequence as in SEQ ID NO: 29, the

antibody, or antigen-binding fragment thereof, comprising: light chain

complementarity determining regions LCDR1, LCDR2, and LCDR3 comprising

the amino acid sequences RSPKSLVGPMGRTYLY (SEQ ID NO: 15),

RRNNLAP (SEQ ID NO: 16), and MQHLEFPLT (SEQ ID NO: 17), respectively,

and heavy chain complementarity determining regions HCDR1, HCDR2, and

HCDR3 comprising the amino acid sequences GYNFTDYWIH (SEQ ID NO: 18),

YFSTHSDYAIINQKFRD (SEQ ID NO: 19), and GGLGLSY (SEQ ID NO: 20),

respectively;

(b) optionally, removing any non-specifically bound monoclonal antibody

or, antigen-binding fragment thereof; and

(c) detecting and/or quantifying the amount of monoclonal antibody, or

antigen-binding fragment thereof, which is specifically bound to glucagon.



18. The method of claim 17, wherein said bodily fluid is blood, serum or plasma,

and said contacting occurs ex vivo.

19. A method for quantifying the amount of glucagon in serum or plasma

comprising:

a. coating a plate or beads with capture antibody IBA009, wherein the
antibody may be directly coated, or biotin labeled and coated to
streptavidin, neutraavidin or avidin coated beads or plates;

b. blocking the plates, either before or after coating of the capture antibody,
with chicken egg ovalbumin, or other non-mammalian protein, dissolved in
a suitable buffer such as Tris buffered saline, or Phosphate buffered saline,
either with or without a detergent such as Tween 20;

diluting the serum sample to be determined with buffer comprising HEPES,
EDTA, EGTA Sodium Chloride, and Triton X-100, and 1% ovalbumin, or
another suitable dilution buffer containing a combination of a buffering
agent, salt, divalent cation chelators, detergent and carrier or blocking
protein, wherein the dilution buffer may be with or without a blocking
agent such as Heterophillic Blocking Reagent I;

contacting the capture antibody coated plate, or beads, with the diluted
serum or plasma sample;

e. washing the plate with a suitable wash buffer to remove unbound proteins;

f . contacting the bound glucagon with the second anti-glucagon detection
antibody IBA032 that has been detectably labeled;

g. washing the plate with a suitable wash buffer to remove unbound anti-
glucagon detection antibody; and

h . quantitating the bound label by comparison against a standard curve of
known amounts of glucagon.

20. A method for determining the glucagon level in a diabetic patient before,

during, or after treatment with a glucagon receptor antagonist, comprising

glucagon quantitation according to the method of any one of claims 17-19.
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