HUMARN ANTIBODIES TO THE GLUCAGON RECEPTOR

FIELD OF THE INVENTION

[0001] The present invention is related {o human antibodies and antigen-binding fragments of
human antibodies that specifically bind the glucagon receptor, and therapeutic methods of
using those antibodies.

STATEMENT OF RELATED ART
[6002] Glucagon is a 29 amino acid hormone produced by the alpha cells of pancreatic islets.
Glucagon maintains normal levels of glucose in animals, including humans, by counter-
balancing the effects of insulin. It is an imbalance of glucagon and insulin that may play an
important role in several diseases, such as diabetes mellitus and diabetic ketoacidosis. In
particular, studies have shown that higher basal giucagon levels and lack of suppression of
postprandial glucagon secretion contribute to diabetic conditions in humans (Muller et af., N
Eng J Med 283: 109-115 (1970)).
[6003] it is believed that glucagon's effects on elevating blood glucose levels are mediated in
part by the activation of certain cellular pathways following the binding of glucagon (GCG) to its
recepior (designated GCGR). GCGR is a member of the secretin subfamily (family B) of G-
protein-coupled receptors and is predominantly expressed in the liver. The binding of glucagon
to its receptor triggers a G-protein signal transduction cascade, activating intracellutar cyclic
AMP and leading to an increase in glucose output through de novo synthesis
(gluconeogenesis) and glycogen breakdown (glycogenolysis) (Wakelam et af., Nature, {1986)
323:88-71; Unson ef af., Peptides, (1989), 10:1171-1177; and Pittner and Fain, Biochem. J.
(1991}, 277:371-378).
[0004] The rat glucagon receptor was first isolated and purified by Jelinek et af (Jelinek, L.J. et
al. {1993) Science 259(5101): 1614-1616). Subsequently, the rat sequence was used o
identify and clone the 477 amino acid human glucagon receptor sequence (Lok, S. et al. (1994)
Gene 140:203-209; MacNeil, D.J. et al. (1994) Biochem. and Biophys. Res. Commj, U.S.
patent No. 5,776,725 discloses an isolated nucleic acid sequence encoding a human or rat
glucagon receptor.
[6005] Targeting glucagon production or function with a glucagon receptor antagonist, such as
an anti-GCGR antibody, may be one method of controlling and lowering blood glucose, and as
such, may prove useful for treating diseases such as diabates mellitus or dizgbetic ketoacidosis.
Furthermore, by lowering glucose levels, it may be possible to prevent or ameliorate certain of
the long-term complications associated with elevated glucose levels in diabetic patients.
[0006] Early studies demonstrated that polyctonal antibodies to the rat glucagon receptor were
able to block glucagon binding (Unson, C.G. (1886) PNAS 93(1):310-315). Monocional
antibodies to the human glucagon receptor were described by Buggy et al. (Buggy, J.J. ef al.
(1995) J. Biol. Chem, 270(13): 7474; Bﬁggy, J.J. et al. (1896) Horm Metab Res. 28(5):215-9).



The antibody described by Buggy et al. competed with glucagon for the hormone binding site of the
receptor and recognized both the human and rat glucagon receptors, but not the mouse receptor. Wright
et al. disclose a monoclonal antibody raised in a mouse against the human glucagon receptor and
conducted detailed protein structure determination of the monoclonal antibody to the receptor (Wright,
L.M. (2000) Acta Crystallographica Section D. 56(5): 573-580). Other antibodies to the glucagon receptor
are described in US patents 5,770,445 and 7,947,809; European patent application EP2074149A2; EP
patent EP0658200B1; US patent publications 2009/0041784; 2009/0252727; and 2011/0223160; and
PCT publication W02008/036341.

BRIEF SUMMARY
[0007] In one embodiment, the disclosure provides fully human monoclonal antibodies (mAbs) and
antigen-binding fragments thereof that bind to the human glucagon receptor (hRGCGR) and inhibit or block
its activity, for example, block the binding of glucagon to its receptor, thereby blocking the elevation of
blood glucose levels. The antibodies or antigen binding fragments thereof may be useful for lowering
blood glucose levels in a subject that suffers from a disease characterized by increased blood glucose
levels, such as diabetes mellitus. The antibodies may also be used to treat a wide range of conditions
and disorders in which blocking the interaction of glucagon with the glucagon receptor is desired, thereby
having a beneficial effect. The antibodies may uitimately be used to prevent the long-term complications
associated with elevated blood giucose levels in diabetic patients, or to ameliorate at least one symptom
associated with elevated blood glucose levels in diabetic patients.
[0008] The antibodies of the disclosure can be full-length (for example, an IgG1 or IgG4 antibody) or
may comprise only an antigen-binding portion (for example, a Fab, F(ab’), or scFv fragment), and may be
modified to affect functionality, e.g., to eliminate residual effector functions (Reddy et al., 2000, J.
Immunol. 164:1925-1933).
[0009] Provided is an isolated human antibody or antigen-binding fragment thereof that specifically
binds human glucagon receptor (hGCGR), wherein the antibody binds an ectodomain and/or an
extracellular (EC) loop of human GCGR, wherein the ectodomain is the N-terminal domain of GCGR and
wherein the EC loop is one or more of EC1, EC2 and EC3.
[0009a] Also provided is an antibody or antigen-binding fragment thereof that competes for specific
binding to hGCGR with the antibody or antigen-binding fragment thereof as defined above.
[0009b] Further provided is an antibody or antigen-binding fragment thereof that binds the same epitope
on hGCGR as the antibody or antigen-binding fragment thereof as defined above.
[0010] In one embodiment, the disclosure provides an antibody or fragment thereof, which binds the N-
terminal domain comprising amino acid residues ranging from about amino acid residue number 27 to
about amino acid residue 144 of SEQ ID NO: 153, or binds an EC loop of hGCGR, wherein the EC loop
is one or more of EC1, EC2, and EC3, wherein EC1 comprises amino acid residues ranging from about
amino acid residue 194 to about amino acid residue 226 of SEQ ID NO: 153; EC2 comprises amino acid
residues ranging from about amino acid residue 285 to about amino acid residue 305 of SEQ ID NO:
153; and EC3 comprises amino acid residues ranging from about amino acid residue 369 to about amino

acid residue 384 of



SEQ ID NO: 158.

[0011] In one embodiment, the human antibody or antigen-binding fragment of a human
antibody that binds hGCGR comprises a heavy chain variable region (HCVR) having an amino
acid sequence selected from the group consisting of SEQ ID NO: 2, 18, 34, 50, 66, 70, 86, 90,
106, 110, 126, 130 and 146, or a substantially similar sequence thereof having at least 90%, at
least 95%, at least 98% or at least 99% sequence identity. In certain embodiments, the
antibody or antigen-binding fragment of an antibody that binds hGCGR comprises a HCVR
having an amino acid sequence selected from the group consisting of SEQ ID NO: 34, 70, 86,
110 and 126, or a substantially similar sequence thereof having at least 90%, at least 95%, at
least 98% or at least 99% sequence identity.

[0012] In one embodiment, the human antibody or antigen-binding fragment of a human
antibody that binds hGCGR comprises a light chain variable region (LCVR) having an amino
acid sequence selected from the group consisting of SEQ ID NO: 10, 26, 42, 58, 68, 78, 88, 98,
108, 118, 128, 138 and 148, or a substantially similar sequence thereof having at least 90%, at
least 95%, at least 98% or at least 99% sequence identity. In certain embodiments, the
antibody or antigen-binding fragment of an antibody that binds hGCGR comprises a LCVR
having an amino acid sequence selected from the group consisting of SEQ ID NO: 42, 78, 88,
118 and 128, or a substantially similar sequence thereof having at least 90%, at least 95%, at
least 98% or at least 99% sequence identity.

[0013] In certain embodiments, the human antibody or fragment thereof that binds hGCGR
comprises a HCVR/LCVR amino acid sequence pair selected from the group consisting of SEQ
ID NO: 2/10, 18/26, 34/42, 50/58, 66/68, 70/78, 86/88, 90/98, 106/108, 110/118, 126/128,
130/138, and 146/148. In certain embodiments, the HCVR/LCVR amino acid sequence pair is
selected from the group consisting of SEQ ID NO: 34/42, 70/78, 86/88, 110/118 and 126/128.
[0014] In a related embodiment, the disclosure includes an antibody or antigen-binding
fragment of an antibody which specifically binds hGCGR, wherein the antibody or fragment
thereof comprises the heavy and light chain CDR domains contained within heavy and light
chain sequence pairs selected from the group consisting of SEQ ID NO: 2/10, 18/26, 34/42,
50/58, 66/68, 70/78, 86/88, 90/98, 106/108, 110/118, 126/128, 130/138 and 146/148. Methods
and techniques for identifying CDRs within HCVR and LCVR amino acid sequences are well
known in the art and can be used to identify CDRs within the specified HCVR and/or LCVR
amino acid sequences disclosed herein. Exemplary conventions that can be used to identify
the boundaries of CDRs include, e.g., the Kabat definition, the Chothia definition, and the AbM
definition. In general terms, the Kabat definition is based on sequence variability, the Chothia
definition is based on the location of the structural loop regions, and the AbM definition is a
compromise between the Kabat and Chothia approaches. See, e.g., Kabat, "Sequences of
Proteins of Immunological Interest,” National Institutes of Health, Bethesda, Md. (1991); Al-
Lazikani et al., J. Mol. Biol. 273:927-948 (1997); and Martin et al., Proc. Natl. Acad. Sci. USA



86:9268-9272 (1989). Public databases are also available for identifying CDR sequences
within an antibody.
[0015] In certain embodiments, the present disclosure provides an isolated human antibody or
an antigen-binding fragment thereof that binds specifically to hGCGR, wherein the antibody
comprises a HCVR comprising the three heavy chain CDRs (HCDR1, HCDR2 and HCDRS)
contained within the HCVR sequence selected from the group consisting of SEQ ID NO: 2, 18,
34, 50, 66, 70, 86, 90, 106, 110, 126, 130 and 146; and a LCVR comprising the three light chain
CDRs (LCDR1, LCDR2 and LCDRS3) contained within the LCVR sequences selected from the
group consisting of SEQ ID NO: 10, 26, 42, 58, 68, 78, 88, 98, 108, 118, 128, 138 and 148.
[0016] In one embodiment, the present disclosure provides an isolated human antibody or
antigen-binding fragment of a human antibody that binds hGCGR, comprising a HCDR3 domain
having an amino acid sequence selected from the group consisting of SEQ ID NO: 8, 24, 40,
56, 76, 96, 116 and 136, or a substantially similar sequence thereof having at least 90%, at
least 95%, at least 98% or at least 99% sequence identity; and a LCDR3 domain having an
amino acid sequence selected from the group consisting of SEQ ID NO: 16, 32, 48, 64, 84, 104,
124 and 144, or a substantially similar sequence thereof having at least 90%, at least 95%, at
least 98% or at least 99% sequence identity.
[0017] In one embodiment, the disclosure provides an antibody or fragment thereof that further
comprises a HCDR1 domain having an amino acid sequence selected from the group
consisting of SEQ ID NO: 4, 20, 36, 52, 72, 92, 112 and 132, or a substantially similar
sequence thereof having at least 90%, at least 95%, at least 98% or at least 99% sequence
identity; a HCDR2 domain having an amino acid sequence selected from the group consisting
of SEQ ID NO: 6, 22, 38, 54, 74, 94, 114 and 134, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least 99% sequence identity; a LCDR1
domain having an amino acid sequence selected from the group consisting of SEQ ID NO: 12,
28, 44, 60, 80, 100, 120 and 140, or a substantially similar sequence thereof having at least
90%, at least 95%, at least 98% or at least 99% sequence identity; and a LCDR2 domain
having an amino acid sequence selected from the group consisting of SEQ ID NO: 14, 30, 46,
62, 82, 102, 122 and 142, or a substantially similar sequence thereof having at least 90%, at
least 95%, at least 98% or at least 99% sequence identity.
[0018] In one embodiment, the antibody or antigen-binding fragment of an antibody comprises:

(a) a HCDR3 domain having an amino acid sequence selected from the group
consisting of SEQ ID NO: 8, 24, 40, 56, 76, 96, 116 and 136; and

(b) a LCDR3 domain having an amino acid sequence selected from the group consisting
of SEQ ID NO: 16, 32, 48, 64, 84, 104, 124 and 144.
[0019] In one embodiment, the antibody or antigen-binding fragment of the antibody further

comprises:



(e) a HCDR1 domain having an amino acid sequence selected from the group
consisting of SEQ 1D NO: 4, 20, 36, 52, 72, 92, 112 and 132;

(d) a HCDR2 domain having an amino acid sequence selected from the group
consisting of SEQ ID NO: 6, 22, 38, 54, 74, 94, 114 and 134;

(e) a LCDR1 domain having an amino acid sequence selected from the group consisting
of SEQ ID NO: 12, 28, 44, 60, 80, 100, 120 and 140; and

(f) a LCDR2 domain having an amino acid sequence selected from the group consisting
of SEQ ID NO: 14, 30, 46, 62, 82, 102, 122 and 142.
{0020} In one embodiment, the antibody or antigen-binding fragment thereof comprises a
HCVR comprising a HCDR1 domain having an amino acid sequence selected from one of SEQ
ID NO: 4, 20, 36, 52, 72, 92, 112 and 132; a HCDR2 domain having an amino acid sequence
selected from one of SEQ ID NO: 6, 22, 38, 54, 74, 94, 114 and 134; a HCDR3 domain having
an amino acid seguence selected from one of SEQ ID NOs: 8, 24, 40, 56, 76, 96, 116 and 136;
and a LCVR comprising a LCDR1 domain having an amino acid sequence selected from one of
SEQ ID NO: 12, 28, 44, 60, 80, 100, 120 and 140; a LCDR2 domain having an amino acid
sequence selected from cne of SEQ 1D NO: 14, 30, 46, 62, 82, 102, 122 and 142; and a
LCDR3 domain having an amino acid sequence selected from one of SEQ 1D NO: 16, 32, 48,
64, 84, 104, 124 and 144,
[0021} In certain embodiments, the human antibody or antigen-binding fragment of a human
antibody that binds to human GCGR comprises a HCDR3/LCDR3 amino acid sequence pair
selected from the group consisting of SEQ 1D NO: 8/16, 24/32, 40/48, 56/64, 76/84, 96/104,
116/124 and 136/144. Non-limiting examples of anti-GCGR antibodies having these
HCDR3/L.CDR3 pairs are the antibodies designated HAH1345N, H4H1817N, H4H1765N,
H4H1321B and H4H1321P, H4H13278 and H4H1327P, H4H13288 and H4H1328P,
H4H1331B and H4H1331P, H4H13398 and H4H1339P, respectively.
[0022] in one embodiment, the human antibody or antigen binding franent thereof comprises
the HCDR1, HCDR2 and HCDR3 amino acid sequences of SEQ 1D NO: 4, 6 and 8,
respectively and LCDR1, LCDRZ2 and LCDR3 amino acid sequences of SEQ 1D NO: 12, 14 and
16, respectively.
[0023] In one embodiment, the human antibody or antigen binding fragment thereof comprises
the HCDR1, HCDR2 and HCDR3 amino acid sequences of SEQ 1D NO: 20, 22 and 24,
respectively and LCDR1, LCDR2 and LCDR3 amino acid sequences of SEQ 1D NO: 28, 30 and
32, respectively.
[0024] In one embodiment, the human antibody or antigen binding fragment thereof comprises
the HCDR1, HCDR2 and HCDR3 amino acid sequences of SEQ ID NO: 36, 38 and 40,
respectively and LCDR1, LCDR2Z and LCDR3 amino acid sequences of SEQ iD NO: 44, 46 and
48, respectively.

[0025] In one embodiment, the human antibody or antigen binding fragment thereof comprises



the HCDR1, HCDR2 and HCDR3 amino acid sequences of SEQ D NG: 52, 54 and 586,
respectively and LCDR1, LCDRZ2 and LCDR3 amino acid sequences of SEQ ID NOC: 60, 62 and
64, respectively.

[0026] In one embodiment, the human antibody or antigen binding fragment thereof comprises
the HCDR1, HCDRZ2 and HCDR3 amino acid sequences of SEQ 1D NO: 72, 74 and 76,
respectively and LCDR1, LCDR2 and LCDR3 amino acid seguences of SEQ D NO: 80, 82 and
84, respectively.

[0027] In one embodiment, the human antibody or antigen binding fragment thereof comprises
the HCDR1, HCDR2 and HCDR3 amino acid sequences of SEQ 1D NO: 92, 84 and 96,
respectively and LCDR1, LCDR2 and LCDR3 amino acid sequences of SEQ (D NO: 100, 102
and 104, respectively.

[0028] in one embodiment, the hurnan antibody or antigen binding fragment thereof comprises
the HCDR1, HCDR2 and HCDR3 amino acid sequences of SEQ 1D NO: 112, 114 and 118,
respectively and LCDR1, LCDR2 and LCDBR3 amino acid sequences of SEQ 1D NO: 120, 122
and 124, respectively.

[0029] in one embodiment, the human antibody or anfigen binding fragment thereof comgprises
the HCDR1, HCDR2 and HCDR3 amino acid sequences of SEQ 1D NO: 132, 134 and 1386,
respectively and LCDR1, LCDR2 and LCDR3 amino acid sequences of SEQ ID NO: 140, 142
and 144, respectively.

[0030% In one embodiment, the anti-hGCGR antibody or antigen binding fragment thereof
comprises a HCDR1 sequence comprising the formula X' = X* = X? - X* = X? - X% - X7 - X?
(SEQ ID NO: 202), wherein X' is Gly, X?is Phe, X*is Thr, X* is Phe or Ser, X°is Ser, X% is Ser
or Asn, X is Tyr or Phe, and X® is Asp, Leu, or Gly; a HCDR2 sequence comprising the formula
X' X2 XX o XP - XE - X7 — X® (SEQ ID NO: 203), wherein X' is lle, X% is Ser, Gin, Asp,
or Trp, X*is Ser, Glu, Thr, or Phe , X* is Asp or Ala, X* is Gly or Glu, X% is Arg, lle, or absent,
X" is Asp or Giu, and X® is Lys or Thr; a HCDR3 sequence comprising the formula X' ~ X2 - X®
" X4 - XS " XBW X? - XB " XQ __ Xﬂ} . x‘i‘l _ X12 " x‘iS _ XM _ X‘E5 _ X16 . X17___ X1B o X19_ XZO_ X21
(SEQ ID NO: 204), wherein X' is Ala or Thr, X% is Lys or Arg, X* is Glu, X* is Met, Pro, Gly, or
Asp, X is Val, Ser, Lys, Arg, or absent, X% is Tyr, His, Asn, or absent, X" is Tyr, X% is Asp or
Glu, X% is lle, X" is Leu, X" is Thr, X" is Gly, X"*is Tyr, Asp, or His, X" is His, Asp, Tyr, or
absent, X' is Asn, Tyr, His, or absent, X'®is Tyr, X" is Tyr or His, X*®is Gly or Ala, X'% is Met,
X% is Asp and X*' is Val or lle; a LCDR1 sequence comprising the formula X' — X2 = X% - X*
X® — X®(SEQ ID NO: 205), wherein X' is Gin, X%is Gly or Ala, X* is lle, X* is Asn or Arg, X is
Asn, and X®is Tyr or Asp; a LCDR2 sequence comprising the formula X' — X2 — X® (SEQ ID NO:
206), wherein X' is Thr or Ala, X?is Ala or Thr, and X®is Ser or Phe; and a LCDR3 sequence
comprising the formula X' — X* — X® = X% - x® - X°— X7 - x® - X*(SEQ ID NO: 207), wherein X
is Gin or Leu, X?is GIn, X*is Tyr, His, or Asp, X*is Asn or Tyr, X®is Thr or Ser, X%is Tyr, Asn,
or His, X is Pro, X8 is Leu, Phe, Arg, or absent and X¥is Thr.



[0031] In one embodiment, the antibody or antigen-binding fragment binds human, monkey,
mouse and rat GCGR.

[0032] In one embodiment, the antibody or antigen-binding fragment binds human, monkey and
mouse GCGR, but does not bind rat GCGR.

[0033] In one embodiment, the antibody or antigen-binding fragment binds human, monkey and
rat GCGR, but does not bind mouse GCGR.

[0034] In one embodiment, the antibody or antigen-binding fragment binds human and monkey
GCGR, but does not bind rat or mouse GCGR.

[0035] In one embodiment, the antibody or antigen-binding fragment binds human GCGR, but
does not bind monkey, mouse or rat GCGR.

[0036] In one embodiment, the disclosure provides a fully human monoclonal antibody or
antigen-binding fragment thereof that neutralizes hGCGR activity, wherein the antibody or
fragment thereof exhibits one or more of the following characteristics: (i) comprises a HCVR
having an amino acid sequence selected from the group consisting of SEQ ID NO: 2, 18, 34,
50, 66, 70, 86, 90, 106, 110, 126, 130 and 146; (ii) comprises a LCVR having an amino acid
sequence selected from the group consisting of SEQ ID NO: 10, 26, 42, 58, 68, 78, 88, 98, 108,
118, 128, 138 and 148; (iii) comprises a HCDR3 domain having an amino acid sequence
selected from the group consisting of SEQ ID NO: 8, 24, 40, 56, 76, 96, 116 and 136, or a
substantially similar sequence thereof having at least 90%, at least 95%, at least 98% or at
least 99% sequence identity; and a LCDR3 domain having an amino acid sequence selected
from the group consisting of SEQ ID NO: 16, 32, 48, 64, 84, 104, 124 and 144, or a
substantially similar sequence thereof having at least 90%, at least 95%, at least 98% or at
least 99% sequence identity; (iv) comprises a HCDR1 domain having an amino acid sequence
selected from the group consisting of SEQ ID NO: 4, 20, 36, 52, 72,92, 112 and 132, or a
substantially similar sequence thereof having at least 90%, at least 95%, at least 98% or at
least 99% sequence identity; a HCDR2 domain having an amino acid sequence selected from
the group consisting of SEQ ID NO: 6, 22, 38, 54, 74, 94, 114 and 134, or a substantially similar
sequence thereof having at least 90%, at least 95%, at least 98% or at least 99% sequence
identity; a LCDR1 domain having an amino acid sequence selected from the group consisting of
SEQ ID NO: 12, 28, 44, 60, 80, 100, 120 and 140, or a substantially similar sequence thereof
having at least 90%, at least 95%, at least 98% or at least 99% sequence identity; and a
LCDR2 domain having an amino acid sequence selected from the group consisting of SEQ ID
NO: 14, 30, 46, 62, 82, 102, 122 and 142, or a substantially similar sequence thereof having at
least 90%, at least 95%, at least 98% or at least 99% sequence identity; (v) binds any one or
more of human, monkey, mouse or rat GCGR; (vi) may or may not block GCGR activity in at
least one species other than human; (v) demonstrates a Kp ranging from about 108 to about
1072; (vi) lowers blood glucose levels by at least about 25% to about 75% in a mammal
experiencing elevated blood glucose levels; (vii) may or may not lower triglyceride levels to



levels observed in a normal mammal; or (viii) demonstrates no adverse effect on blood levels of
LDL, HDL, or total cholesterol in a mammal.

[0037] In another related embodiment, the disclosure provides an antibody or antigen-binding
fragment thereof that competes for specific binding to hGCGR with an antibody or antigen-
binding fragment comprising heavy and light chain CDR domains contained within heavy and
light chain sequence pairs selected from the group consisting of SEQ ID NO: 2/10, 18/26,
34/42, 50/58, 66/68, 70/78, 86/88, 90/98, 106/108, 110/118, 126/128, 130/138 and 146/148.
[0038] In another related embodiment, the disclosure provides an antibody or antigen-binding
fragment thereof that binds the same epitope on hGCGR that is recognized by an antibody
comprising heavy and light chain sequence pairs selected from the group consisting of SEQ 1D
NO: 2/10, 18/26, 34/42, 50/58, 66/68, 70/78, 86/88, 90/98, 106/108, 110/118, 126/128, 130/138
and 146/148.
[0039] In one embodiment, the disclosure provides for an anti-hGCGR antibody having one or
more of the following characteristics:
a) capable of reducing blood glucose levels by about 25% to about 75% for a period of
at least 7 days, when administered at a dose ranging from about 1 mg/kg to about
30 mg/kg;
b) capable of resulting in at least a 10% reduction in body weight when administered to
a mammal in need of such therapy;
c) capable of reducing blood ketone levels by about 25% to 75% when administered at
a dose ranging from about 1 mg/kg to about 30 mg/kg; or
d) capable of reducing blood glucose levels by about 20% to 40% without causing a
significant elevation in blood lipids or cholesterol when administered with an
antibody specific for proprotein convertase subtilisin/kexin (PCSK)-9, and sustaining
lowered blood glucose levels for at least 7 days post treatment.
[0039a] In a first aspect, there is provided an isolated nucleic acid molecule encoding the
antibody or antigen-binding fragment thereof comprising:
a) a HCDR1 domain having an amino acid sequence as set forth in SEQ ID NO: 72;
b) a HCDR2 domain having an amino acid sequence as set forth in SEQ ID NO: 74,
c) a HCDR3 domain having an amino acid sequence as set forth in SEQ ID NO: 76;
d) a LCDR1 domain having an amino acid sequence as set forth in SEQ ID NO: 80;
e) a LCDR2 domain having an amino acid sequence as set forth in SEQ ID NO: 82; and
f) a LCDR3 domain having an amino acid sequence as set forth in SEQ ID NO: 84.
[0039b] In a second aspect, there is provided an expression vector comprising the nucleic acid

molecule as defined in the first aspect.

[0039c¢] Provided is a method of producing an anti-human GCGR antibody or antigen-binding
fragment thereof comprising the steps of introducing the expression vector as defined herein
into an isolated host cell, growing the cell under conditions permitting production of the antibody
or fragment thereof, and recovering the antibody so produced.

[0040] In one embodiment, the disclosure provides nucleic acid molecules encoding anti-
hGCGR antibodies or fragments thereof. Recombinant expression vectors carrying the nucleic
acids of the disclosure, and host cells into which such vectors have been introduced, are also

encompassed by the disclosure, as are



methods of producing the antibodies by culturing the host cells under conditions permitting
production of the antibodies, and recovering the antibodies produced.

[0041] In one embodiment, the disclosure provides an antibody or fragment thereof comprising
a HCVR encoded by a nucleic acid sequence selected from the group consisting of SEQ ID
NO: 1, 17, 33, 49, 65, 69, 85, 89, 105, 109, 125, 129 and 145, or a substantially identical
sequence having at least 90%, at least 95%, at least 98%, or at least 99% homology thereof. In
one embodiment, the HCVR is encoded by a nucleic acid sequence selected from the group
consisting of SEQ ID NO: 33, 69, 85, 109 and 125.

[0042] In one embodiment, the antibody or fragment thereof further comprises a LCVR

8a



encoded by a nucleic acid sequence selected from the group consisting of SEQ ID NO: 9, 25, 41,
57,67, 77, 87, 97, 107, 117, 127, 137 and 147, or a substantially identical sequence having at least
90%, at least 95%, at least 98%, or at least 99% homology thereof. In one embodiment, the LCVR is
encoded by a nucleic acid sequence selected from the group consisting of SEQ ID NO: 41, 77, 87,
117 and 127.

[0043] In one embodiment, the disclosure also provides an antibody or antigen-binding fragment of
an antibody comprising a HCDR3 domain encoded by a nucleotide sequence selected from the
group consisting of SEQ ID NO: 7, 23, 39, 55, 75, 95, 115 and 135, or a substantially similar
sequence thereof having at least 90%, at least 95%, at least 98% or at least 99% sequence identity;
and a LCDR3 domain encoded by a nucleotide sequence selected from the group consisting of SEQ
ID NO: 15, 31, 47, 63, 83, 103, 123 and 143, or a substantially similar sequence thereof having at
least 90%, at least 95%, at least 98% or at least 99% sequence identity.

[0044] In one embodiment, the disclosure provides an antibody or fragment thereof further
comprising a HCDR1 domain encoded by a nucleotide sequence selected from the group consisting
of SEQ ID NO: 3, 19, 35, 51, 71, 91, 111 and 131, or a substantially similar sequence thereof having
at least 90%, at least 95%, at least 98% or at least 99% sequence identity; a HCDR2 domain
encoded by a nucleotide sequence selected from the group consisting of SEQ ID NO: 5, 21, 37, 53,
73, 93, 113 and 133, or a substantially similar sequence thereof having at least 90%, at least 95%,
at least 98% or at least 99% sequence identity; a LCDR1 domain encoded by a nucleotide
sequence selected from the group consisting of SEQ ID NO: 11, 27, 43, 59, 79, 99, 119 and 139, or
a substantially similar sequence thereof having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; and a LCDR2 domain encoded by a nucleotide sequence selected from the
group consisting of SEQ ID NO: 13, 29, 45, 61, 81, 101, 121 and 141, or a substantially similar
sequence thereof having at least 90%, at least 95%, at least 98% or at least 99% sequence identity.
[0045] In one embodiment, the disclosure features a human anti-hGCGR antibody or antigen-
binding fragment of an antibody comprising a HCVR encoded by nucleotide sequence segments
derived from Vy, Dy and Jy germline sequences, and a LCVR encoded by nucleotide sequence
segments derived from Vi and Jx germline sequences, with combinations as shown in Table 2.
[0046] The disclosure encompasses anti-hGCGR antibodies having a modified glycosylation
pattern. In some applications, modification to remove undesirable glycosylation sites may be useful,
or e.g., removal of a fucose moiety to increase antibody dependent cellular cytotoxicity (ADCC)
function (see Shield et al. (2002) JBC 277:26733). In other applications, modification of
galactosylation can be made in order to modify complement dependent cytotoxicity (CDC).

[0046a] Provided is a pharmaceutical composition comprising the antibody or antigen-binding
fragment thereof as defined herein and a pharmaceutically acceptable carrier or diluent.

[0047] In one embodiment, the disclosure features a pharmaceutical composition comprising a



recombinant human antibody or fragment thereof, which specifically binds hGCGR, and a
pharmaceutically acceptable carrier or diluent.

[0048] In one embodiment, the disclosure features a composition, which is a combination of an antibody
or antigen-binding fragment of an antibody of the disclosure, and a second therapeutic agent. The
second therapeutic agent may be any agent that is advantageously combined with the antibody or
fragment thereof of the disclosure.

[0048a] Provided is a pharmaceutical composition comprising an antibody or antigen-binding fragment
thereof as defined herein, and a second therapeutic agent comprising an isolated antibody, or an
antigen-binding fragment thereof, that specifically binds to human PCSK9, and a pharmaceutically
acceptable carrier or diluent.

[0049] In one embodiment, the second therapeutic agent may be an agent capable of lowering blood
glucose or reducing at least one symptom in a patient suffering from a disease or condition characterized
by high blood glucose levels, such as diabetes mellitus.

[0050] In certain embodiments, the second therapeutic agent may be an agent that helps to counteract
or reduce any possible side effect(s) associated with the antibody or antigen-binding fragment of an
antibody of the disclosure, if such side effect(s) should occur. For example, in the event that any of the
anti-hGCGR antibodies increases lipid or cholesterol levels, it may be beneficial to administer a second
agent that is effective to lower lipid or cholesterol levels.

[0051] The second therapeutic agent may be a small molecule drug, a protein/polypeptide, an antibody,
a nucleic acid molecule, such as an anti-sense molecule, or a siRNA. The second therapeutic agent may
be synthetic or naturally derived.

[0052] In one embodiment, the second therapeutic agent may be a glucagon antagonist, or a second
glucagon receptor antagonist, such as another antibody to the glucagon receptor, which is different than
the antibodies described herein. It will also be appreciated that the antibodies and pharmaceutically
acceptable compositions of the present disclosure can be employed in combination therapies, that is, the
antibodies and pharmaceutically acceptable compositions can be administered concurrently with, prior to,
or subsequent to, one or more other desired therapeutics or medical procedures. The particular
combination of therapies (therapeutics or procedures) to employ in a combination regimen will take into
account compatibility of the desired therapeutics and/or procedures and the desired therapeutic effect to
be achieved. It will also be appreciated that the therapies employed may achieve a desired effect for the
same disorder (for example, an antibody may be administered concurrently with another agent used to
treat the same disorder), or they may achieve different effects (e.g., control of any adverse effects). As
used herein, additional therapeutic agents that are normally administered to treat or prevent a particular
disease, or condition, are appropriate for the disease, or condition, being treated.

[0053] In one embodiment, the anti-hGCGR antibodies of the disclosure may be used in combination
with one or more of the following type 2 diabetes treatments currently available. These include biguanide
(metformin), sulfonylureas (such as glyburide, glipizide), peroxisome proliferator-activated receptor
(PPAR) gamma agonists (pioglitazone, rosiglitazone); and alpha glucosidase inhibitors (acarbose,
voglibose). Additional treatments include injectable treatments such as EXENATIDE® (glucagon-like
peptide 1), and SYMLIN® (pramlintide).

10



[0054] In certain embodiments, the composition may include a second agent selected from the
group consisting of non-sulfonylurea secretagogues, insulin, insulin analogs, exendin-4
polypeptides, beta 3 adrenoceptor agonists, PPAR agonists, dipeptidyl peptidase 1V inhibitors,
statins and statin-containing combinations, inhibitors of cholesterol uptake and/or bile acid re-
absorption, LDL-cholesterol antagonists, cholesteryl ester transfer protein antagonists, endothelin
receptor antagonists, growth hormone antagonists, insulin sensitizers, amylin mimetics or agonists,
cannabinoid receptor antagonists, glucagon-like peptide-1 agonists, melanocortins, melanin-
concentrating hormone receptor agonists, SNRIs, a fibroblast growth factor 21 (FGF21) mimetic
(See, for example, US20110002845 and US20080261236), a fibroblast growth factor receptor 1c
(FGFR1c) agonist (See, for example, US20110150901), an inhibitor of advanced glycation
endproduct formation, such as, but not limited to, aminoguanidine, and protein tyrosine phosphatase
inhibitors.

[0055] In certain embodiments, the composition may include a second agent to help lower lipid or
cholesterol levels and may include an agent such as a 3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA) reductase inhibitor (for example, a statin such as atorvastatin, (LIPITOR®), fluvastatin
(LESCOL®), lovastatin (MEVACOR®), pitavastatin (LIVALO®), pravastatin (PRAVACHOL®),
rosuvastatin (CRESTOR®) and simvastatin (ZOCOR®) and the like.

[0056] In certain embodiments, it may be beneficial to administer the antibodies of the disclosure in
combination with any one or more of the following: (1) niacin, which increases lipoprotein
catabolism; (2) fibrates or amphipathic carboxylic acids, which reduce low-density lipoprotein (LDL)
level, improve high-density lipoprotein (HDL) and TG levels, and reduce the number of non-fatal
heart attacks; and (3) activators of the LXR transcription factor that plays a role in cholesterol
elimination such as 22-hydroxycholesterol, or fixed combinations such as VYTORIN®) (ezetimibe
plus simvastatin); a statin with a bile resin (e.g., cholestyramine, colestipol, colesevelam), a fixed
combination of niacin plus a statin (e.g., niacin with lovastatin); or with other lipid lowering agents
such as omega-3-fatty acid ethyl esters (for example, omacor). Furthermore, the second
therapeutic agent can be one or more other inhibitors of glucagon or GCGR, as well as inhibitors of
other molecules, such as angiopoietin-like protein 3 (ANGPTLS3), angiopoietin-like protein 4
(ANGPTL4), angiopoietin-like protein 5 (ANGPTLS5), angiopoietin-like protein 6 (ANGPTLS6), which
are involved in lipid metabolism, in particular, cholesterol and/or triglyceride homeostasis. Inhibitors
of these molecules include small molecules and antibodies that specifically bind to these molecules
and block their activity.

[0057] In certain embodiments, it may be beneficial to administer the anti-GCGR antibodies of the
disclosure in combination with a nucleic acid that inhibits the activity of hPCSK9, such as an
antisense molecule, a double stranded RNA, or a siRNA molecule. Exemplary nucleic acid
molecules that inhibit the activity of PCSK9 are described in US2011/0065644,
US2011/0039914,US2008/0015162 and US2007/0173473.

[0058] In certain embodiments, it may be beneficial to administer the anti-hGCGR antibodies of
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the disclosure in combination with an antibody that specifically binds to and inhibits the activity
of hPCSK9, thereby inhibiting its activity, wherein such antibody acts to lower lipid or
cholesterol levels. Exemplary anti-hPCSK9 antibodies are described in US2010/0166768. The
isolated antibody that specifically binds to human PCSK9, or an antigen-binding fragment
thereof, may be administered at a dose ranging from about 0.01 mg/kg to about 30 mg/kg. It
may be administered as a single dose or as multiple doses. The anti-hPCSK9 antibody may be
administered concurrently with the anti-GCGR antibody, or it may be administered prior to or
after the anti-GCGR antibody.

[0059] In one embodiment, the second therapeutic agent to be used in combination with an
antibody of the disclosure comprises an isolated antibody that specifically binds to human
PCSKO, or an antigen-binding fragment thereof, wherein the anti-hPCSK9 antibody comprises
the three heavy chain CDRs (HCDR1, HCDR2 and HCDRB3) contained within any one of the
HCVR sequences selected from the group consisting of SEQ ID NOs: 173 and 177; and the
three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained within any one of the LCVR
sequences selected from the group consisting of SEQ ID NOs: 175 and 185.

[0060] In one embodiment, the isolated antibody that specifically binds to human PCSK9, or
antigen-binding fragment thereof, comprises a heavy chain variable region (HCVR) selected
from the group consisting of SEQ ID NO: 173 and 177.

[0061] In one embodiment, the isolated antibody that specifically binds to human PCSK9, or
antigen-binding fragment thereof, comprises a light chain variable region (LCVR) selected from
the group consisting of SEQ ID NO: 175 and 185.

[0062] In one embodiment, the isolated antibody that specifically binds to human PCSK9, or
antigen-binding fragment thereof, comprises a HCVR having an amino acid sequence selected
from the group consisting of SEQ ID NO: 173 and 177 and a LCVR having an amino acid
sequence selected from the group consisting of SEQ ID NO: 175 and 185.

[0063] In one embodiment, the isolated antibody that specifically binds to human PCSK9, or
antigen-binding fragment thereof, comprises a heavy chain variable region (HCVR) and a_light
chain variable region (LCVR), wherein the HCVR/ LCVR sequence pairs are selected from the
group consisting of SEQ ID NO: 173/175; and SEQ ID NO: 177/185.

[0064] In one embodiment, the isolated antibody that specifically binds to human PCSK9, or
antigen-binding fragment thereof, comprises: a HCDR1 comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 161 and 179; a HCDR2 comprising an amino
acid sequence selected from the group consisting of SEQ ID NO: 163 and 181; a HCDR3
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 165 and
183; a LCDR1 comprising an amino acid sequence selected from the group consisting of SEQ
ID NO: 167 and 187; a LCDR2 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 169 and 189 and a LCDR3 comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 171 and 191.
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[0065] In certain embodiments, the hPCSK9 antibodies to be used in combination with the anti-
GCGR antibodies of the disclosure are encoded by nucleic acid molecules as described herein. For
example, in one embodiment, the disclosure provides an anti-hPCSK9 antibody or fragment thereof
comprising a HCVR encoded by a nucleic acid sequence selected from the group consisting of SEQ
ID NO: 172 and 176, or a substantially identical sequence having at least 90%, at least 95%, at least
98%, or at least 99% homology thereof, and a LCVR encoded by a nucleic acid sequence selected
from the group consisting of SEQ ID NO: 174 and 184, or a substantially identical sequence having
at least 90%, at least 95%, at least 98%, or at least 99% homology thereof.

[0066] In one embodiment, the disclosure provides an anti-hPCSK9 antibody to be used in
combination with the anti-GCGR antibodies of the disclosure, wherein the anti-PCSK9 antibody or
fragment thereof comprises a HCDR1 domain encoded by a nucleotide sequence selected from the
group consisting of SEQ ID NO: 160 and 178, or a substantially similar sequence thereof having at
least 90%, at least 95%, at least 98% or at least 99% sequence identity; a HCDR2 domain encoded
by a nucleotide sequence selected from the group consisting of SEQ ID NO: 162 and 180, or a
substantially similar sequence thereof having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; a HCDR3 domain encoded by a nucleotide sequence selected from the
group consisting of SEQ ID NO: 164 and 182, or a substantially similar sequence thereof having at
least 90%, at least 95%, at least 98% or at least 99% sequence identity; a LCDR1 domain encoded
by a nucleotide sequence selected from the group consisting of SEQ ID NO: 166 and 186, or a
substantially similar sequence thereof having at least 90%, at least 95%, at least 98% or at least
99% sequence identity; a LCDR2 domain encoded by a nucleotide sequence selected from the
group consisting of SEQ ID NO: 168 and 188, or a substantially similar sequence thereof having at
least 90%, at least 95%, at least 98% or at least 99% sequence identity; and a LCDR3 domain
encoded by a nucleotide sequence selected from the group consisting of SEQ ID NO: 170 and 190,
or a substantially similar sequence thereof having at least 90%, at least 95%, at least 98% or at
least 99% sequence identity.

[0067] When multiple therapeutics are co-administered, dosages may be adjusted accordingly, as
is recognized in the pertinent art.

[0068] In one embodiment, the disclosure features methods for inhibiting hGCGR activity using the
anti-hGCGR antibody or antigen-binding portion of the antibody of the disclosure, wherein the
therapeutic methods comprise administering a therapeutically effective amount of a pharmaceutical
composition comprising the antibody or antigen-binding fragment thereof. The antibodies of the
disclosure may be used to treat any condition or disorder, which is improved, ameliorated, inhibited
or prevented by removal, inhibition or reduction of hGCGR activity. It is envisioned that the
antibodies of the disclosure may be used alone, or as adjunct therapy with other agents or methods
known to be standard care for treating patients suffering from diseases

13



or conditions characterized in part by elevated blood glucose or ketone levels, such as, but not
limited to, diabetes. Such standard therapy may include fluid administration, or administration of
any other pharmaceutical agents useful for lowering blood glucose, ketones, or lipids, or for weight
reduction.

[0069] The anti-hGCGR antibodies of the disclosure may function to block the interaction between
glucagon and its receptor, thereby inhibiting the glucose elevating effects of glucagon. The use of
glucagon receptor antagonists, such as the antibodies described herein, may be an effective means
of achieving normal levels of glucose, thereby ameliorating, or preventing one or more symptoms of,
or long term complications associated with, for example, diabetes. The use of glucagon receptor
antagonists, such as the antibodies described herein, may also be an effective means of achieving
normal levels of glucose in non-diabetic patients, who experience hyperglycemia as a result of
conditions or disorders not related to diabetes, such as perioperative hyperglycemia (hyperglycemia
observed in patients just prior to surgery, or after surgery). In certain embodiments, methods of
lowering blood glucose levels or ketone levels in diabetic ketoacidosis are envisioned using the
antibodies of the disclosure. In certain embodiments, methods of treating patients to achieve a
reduction in body weight, or to prevent weight gain, or to maintain a normal body weight, are also
envisioned using the antibodies of the disclosure.

[0070] The antibodies of the present disclosure may also be useful for ameliorating conditions such
as, for example, impaired glucose tolerance, obesity, or for treating diabetic conditions, or for
preventing or reducing the severity of any one or more of the long-term complications associated
with diabetes, such as nephropathy, neuropathy, retinopathy, cataracts, stroke, atherosclerosis,
impaired wound healing and other complications associated with diabetes, known to those skilled in
the art.

[0071] Other conditions or disorders treatable by the therapeutic methods of the disclosure include
diabetic ketoacidosis, hyperglycemia (including perioperative hyperglycemia, hyperglycemia in the
intensive care unit patient, and hyperosmolar hyperglycemia syndrome), hyperinsulinemia, the
metabolic syndrome, insulin resistance syndrome, impaired fasting glucose, or hyperglycemia
associated with hypercholesterolemia, hypertriglyceridemia, hyperlipidemia, and general
dyslipidemias. In certain embodiments, the disclosure provides for an isolated antibody or antigen-
binding fragment thereof specific for GCGR, s described herein, for use in lowering blood glucose or
ketone levels, or for treating a patient having a disease or condition associated with, or
characterized in part by high blood glucose or ketone levels, wherein the condition or disease is
selected from diabetes, impaired glucose tolerance, obesity, nephropathy, neuropathy, retinopathy,
cataracts, stroke, atherosclerosis, impaired wound healing, diabetic ketoacidosis, hyperglycemia,
hyperglycemic hyperosmolar syndrome, perioperative hyperglycemia, hyperglycemia in the
intensive care unit patient, hyperinsulinemia, the metabolic syndrome, insulin resistance syndrome

and impaired fasting glucose. In certain
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embodiments, use of the isolated antibody or antigen-binding fragment of the disclosure is
contemplated for preparation of a medicament for lowering blood glucose or ketone levels, or
for treating a patient having a disease or condition associated with, or characterized in part by
high blood glucose or ketone levels, or for ameliorating at least one symptom of such disease
or condition, wherein the condition or disease is selected from any of the above-noted diseases
or conditions.

[0071a] Provided is use of the antibody or antigen-binding fragment as defined herein, or the
pharmaceutical composition as defined herein, in the manufacture of a medicament for
lowering blood glucose or ketone levels, or for treating a condition or disease associated with,
or characterized in part by high blood glucose or ketone levels, or at least one symptom or
complication associated with the condition or disease, such that blood glucose or ketone levels
are lowered or that the condition or disease is mediated, or at least one symptom or
complication associated with the condition or disease is alleviated or reduced in severity.
[0072b] Provided is the isolated antibody or antigen-binding fragment thereof as defined herein,
or the pharmaceutical composition as defined herein, for use in lowering blood glucose or
ketone levels, or for treating a patient having a disease or condition associated with, or
characterized in part by high blood glucose or ketone levels, wherein the condition or disease is
selected from the group consisting of diabetes, impaired glucose tolerance, obesity,
nephropathy, neuropathy, retinopathy, cataracts, stroke, atherosclerosis, impaired wound
healing, diabetic ketoacidosis, hyperglycemia, hyperglycemic hyperosmolar syndrome,
perioperative hyperglycemia, hyperglycemia in the intensive care unit patient, hyperinsulinemia,
the metabolic syndrome, insulin resistance syndrome and impaired fasting glucose.

[0072c] In a third aspect, there is provided the use of an isolated antibody or antigen-binding

fragment thereof comprising

a) a HCDR1 domain having an amino acid sequence as set forth in SEQ ID NO: 72;

b) a HCDR2 domain having an amino acid sequence as set forth in SEQ ID NO: 74;

c) a HCDR3 domain having an amino acid sequence as set forth in SEQ ID NO: 76;

d) a LCDR1 domain having an amino acid sequence as set forth in SEQ ID NO: 80;

e) a LCDR2 domain having an amino acid sequence as set forth in SEQ ID NO: 82; and

f) a LCDR3 domain having an amino acid sequence as set forth in SEQ ID NO: 84, or the
pharmaceutical composition comprising said antibody or antigen-binding fragment thereof, in
the manufacture of a medicament for lowering blood glucose or ketone levels, or for treating a
patient having a disease or condition associated with, or characterized in part by high blood
glucose or ketone levels, or at least one symptom or complication associated with the condition
or disease, wherein the condition or disease is selected from the group consisting of diabetes,
impaired glucose tolerance, obesity, nephropathy, neuropathy, retinopathy, cataracts, stroke,
atherosclerosis, impaired wound healing, diabetic ketoacidosis, hyperglycemia, hyperglycemic
hyperosmolar syndrome, perioperative hyperglycemia, hyperglycemia in the intensive care unit
patient, hyperinsulinemia, the metabolic syndrome, insulin resistance syndrome and impaired

fasting glucose.
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[0072] The antibodies may also be useful for treating patients with inoperable glucagonoma
(pancreatic endocrine tumor with or without necrolytic migratory erythema and hyperglycemia).
[0073] Other embodiments will become apparent from a review of the ensuing detailed
description.

BRIEF DESCRIPTION OF THE FIGURES
[0074] Fig. 1 shows the percent change in blood glucose levels in C57BL6 mice after
administration of H4H1327P (anti-GCGR antibody), and/or HIH316P (anti-PCSK9 antibody)
when given alone or in combination. Control (X with solid line); H4H1327P at 3 mg/kg (Ml with
solid line); H4H1327P at 10 mg/kg ( A with solid line); HIH316P at 10 mg/kg (® with solid line);
H4H1327P at 3 mg/kg + HIH316P at 10 mg/kg (® with dashed line); H4H1327P at 10 mg/kg +
H1H316P at 10 mg/kg (O with dashed lines).
[0075] Fig. 2 shows plasma LDL-C levels in C57BL6 mice after administration of H4H1327P,
and/or H1H316P when given alone or in combination. Control (X with solid line); H4H1327P at
3 mg/kg (M with solid line); H4H1327P at 10 mg/kg (A with solid line); HIH316P at 10 mg/kg (®
with solid line); H4H1327P at 3 mg/kg + H1H316P at 10 mg/kg (@ with dashed line);
H4H1327P at 10 mg/kg + H1H316P at 10 mg/kg (O with dashed lines).
[0076] Fig. 3 shows plasma HDL-C levels in C57BL6 mice after administration of H4H1327P,
and/or H1H316P when given alone or in combination. Control (X with solid line); H4H1327P at
3 mg/kg (M with solid line); H4H1327P at 10 mg/kg ( A with solid line); HIH316P at 10 mg/kg (®
with solid line); H4H1327P at 3 mg/kg + H1H316P at 10 mg/kg (@ with dashed line);
H4H1327P at 10 mg/kg + H1H316P at 10 mg/kg (O with dashed lines).
[0077] Fig. 4 shows total plasma cholesterol levels in C57BL6 mice after administration of
H4H1327P, and/or HIH316P when given alone or in combination. Control (X with solid line);
H4H1327P at 3 mg/kg (M with solid line); H4H1327P at 10 mg/kg (A with solid line); H1H316P
at 10 mg/kg (@ with solid line); H4H1327P at 3 mg/kg + HIH316P at 10 mg/kg (@® with dashed
line); H4H1327P at 10 mg/kg + H1IH316P at 10 mg/kg (O with dashed lines).
[0078] Fig. 5 shows plasma triglyceride levels in C57BL6 mice after administration of
H4H1327P, and/or HIH316P when given alone or in combination. Control (X with solid line);
H4H1327P at 3 mg/kg (M with solid line); H4H1327P at 10 mg/kg (A with solid line); H1H316P
at 10 mg/kg (@ with solid line); H4H1327P at 3 mg/kg + HIH316P at 10 mg/kg (@® with dashed
line); H4H1327P at 10 mg/kg + HIH316P at 10 mg/kg (O with dashed lines).
[0079] Fig. 6 shows hepatic triglyceride levels in C57BL6 mice after administration of
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HAH1327P, and/or HT1H316F when given alone or in combination. Conirol (X); H4H1327P at 3
mg/kg (M); H4H1327P at 10 mg/kg (4); H1H316P at 10 mg/kg (¥); HAH1327P at 3 mg/kg +
H1H316P at 10 mg/kg (#); H4H1327P at 10 mg/kg + H1H318P at 10 mg/kg (C).

DETAILED DESCRIPTION
[0080] Before the present methods are described, it is to be understood that this invention is
not limited to particuiar methods, and experimenial conditions described, as such methods and
conditions may vary. itis also to be understood that the terminology used herein is for the
purpose of describing particutar emhbaodiments only, and is not infended to be limiting, since the
scope of the present invention will be limited only by the appended claims.
[0081] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commoniy understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention, preferred methods and materials

are now described.

Definitions

[0082] The "glucagon receptor”, also referred to herein as "GCGR", belongs to the G protein-
coupled receptor class 2 family and consists of a long amino terminal extraceliular domain (See
SEQ ID NO: 158 for DNA encoding the N-terminal extracellular domain and SEQ ID NO: 159
for the amino acid sequence of the N-terminat extracellular domain), seven transmembrane
segments, and an infracellular C-terminat domain {(Jelinek et al., Science 252: 1614-1616
(1993), Segre ef af., Trends Endocrinol. Metab 4:309-314 (1993)). Glucagon receptors are
notably expressed on the surface of hepatocytes where they bind to glucagon and transduce
the signal provided thereby into the cell. Accordingly, the term “glucagon receptor” also refers
to one or more receptors that interact specifically with glucagon to result in a hiological signal.
DNA sequences encoding glucagon recepiors of rat and human origin have been isolated and
disclosed in the art (EP065820081). The murine and cynomolgus monkey homologues have
also been isolated and sequenced (Burcelin, ef a/., Gene 164 (1985} 305-310); McNally et af.,
Peptides 25 (2004) 1171-1178). As used herein, "glucagon receptor” and "GCGR" are used
interchangeably. The expression "GCGR?, "hGCGR” or fragments thereof, as used herain,
refers to the human GCGR protein or fragment thereof, unless specified as being from a non-
human species, e.g. "mouse GCGR”, rat GCGR", or "monkey GCGR". Moreover, "GCGR," or
*hGCGR”, as used herein, refers to human GCGR having the nucleic acid sequence shown in
SEQ ID NO: 157 and the amino acid sequence of SEQ 1D NO: 153, or a biologically active
fragment thereof. There are a variety of sequences related to the GCGR gene having the
following Genbank Accession Numbers: NP_000151.1 (human}, NP_742089.1 (rat),
XP_001111894.1 (rhesus monkey), and NP_032127.2 (mouse). Other sequences disclosed
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herein include human GCGR (SEQ 1D NC: 153), mouse GCGR (SEQ D NO: 154),
Cynomolgus monkey {SEQ ID NO: 155), rat GCGR (SEQ ID NO: 158). In ceriain
embodiments, fusion proteins useful in the invention may include SEQ ID NO: 149 (hGCGR-
hFc, residues 27-144 of NP_000151.1 fused to the Fc region of human tgG) SEQ ID NO:150
(hGCGR-hFc, residues 27-144 of NP_000151.1 fused to the Fc region of human IgG), SEQ D
NO:151 (hGCGR-mmH, residues 27-144 of NP_000151.1 fused to a myc-myc-his tag), and
SEQ ID NO:152 (MfGCGR-hFc, containing the N-terminal sequence of Mf, cynomolgus
monkey, which is identical to residues 27-144 of GCGR of the rhesus monkey, Macaca mulatta,
having accession number XP_001111894.1, and which is fused fo the Fc region of human IgG).
[0083] The term “human proprotein convertase subtilisin/kexin type 97 or "hPCSKS", as used
herein, refers to hPC3KS encoded by the nucleic acid sequence shown in SEQ 1D NO:182 and
having the amino acid sequence of SEQ ID NO:193, or a biologically active fragment thereof.
[0084] The term "antibody", as used herein, is intended to refer to immunoglobulin molecules
comprised of four polypeptide chains, two heavy (H) chains and fwo light (L) chains inter-
connecied by disulfide bonds (i.e., "full antibody molecules”), as well as mulfimers thereof {e.g.
IlgM) or antigen-binding fragments thereof. Each heavy chain is comprised of a heavy chain
variable region ("HCVR” or “Vy") and a heavy chain constant region (comprised of domains
Cu1, Cu2 and Cn3). Each light chain is comprised of a light chain variable region (“LCVR or
“V ") and a light chain constant region (C.). The Vg and V| regions can be further subdivided
into regions of hypervariability, termed complementarity determining regions (CDR),
interspersed with regions that are more conserved, termed framework regions (FR). Each Vy
and V is composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-
terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. in certain
embodiments of the invention, the FRs of the anti-GCGR antibody (or antigen binding fragment
thereof) may be identical to the human germiine sequences, or may be naturally or artificially
modified. An amino acid consensus sequence may be defined based on a side-by-side
analysis of two or more CDRs.

[0085] Substitution of one or more CDR residues or omission of one or more CDRS is also
possible. Antibodies have been described in the scientific literature in which one or two CDRs
can be dispensed with for binding. Padlan ef al. (1995 FASEB J. 9:133-139} analyzed the
contact regions between antibodies and their antigens, based on published crystal structures,
and concluded that only about one fifth to one third of COR residues actually contact the
antigen. Padlan also found many antibodies in which one or two CDRs had no amino acids in
contact with an antigen (see also, Vajdos ef al. 2002 J Mol Biol 320:415-428).

[0086] CDR residues not contacting antigen can be identified based on previous studies (for
example residues H60-HG5 in CDRM2 are often not required), from regions of Kabat CDRs
lying outside Chothia CDRs, by molecular modeling and/or empirically. if a CDR or residue(s)

thereof is omitted, it is usually substituted with an amino acid occupying the corresponding
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position in another human antibody sequence or a consensus of such sequences. Positions for
substitution within CDRs and amino acids io substitute can also be selected empirically.
Empirical substitutions can be conservative or non-conservative substitutions.

[0087] The fully-human anti-GCGR antibodies disclosed herein may comprise one or more
amino acid substitutions, insertions and/or deletions in the framework and/or CDR regions of
the heavy and light chain variable domains as compared to the corresponding germline
sequences. Such mutations can be readily ascertained by comparing the amino acid
sequences disclosed herein to germline sequences available from, for example, public antibody
sequence databases. The presentinvention includes antibodies, and antigen-binding
fragments thereof, which are derived from any of the amino acid sequences disclosed herein,
wherein one or more amino acids within one or more framework and/or CDR regions are
mutated to the corresponding residue(s) of the germiine sequence from which the antibody was
derived, or {0 the corresponding residue(s) of another human germiine sequence, orio a
conservative amino acid substitution of the corresponding germiine residue(s) (such sequence
changes are referred to herein collectively as "germiine mutations"). A person of ordinary skill
in the art, starting with the heavy and lighi chain variable region sequences disclosed herein,
can easily produce numerous antibodies and antigen-binding fragments which comprise one or
more individual germline mutations or combinations thereof. in certain embodiments, ail of the
framework and/or CDR residues within the Vy and/or V. domains are mutated back to the
residues found in the original germline sequence from which the antibody was derived. In other
embodiments, only certain residues are mutated back to the original germiine sequence, e.g.,
only the mutated residues found within the first 8 amino acids of FR1 or within the last 8 amino
acids of FR4, or only the mutated residues found within CDR1, CDR2 or CDR3. In other
embodiments, one or more of the framework and/or CDOR residue(s) are mutated to the
corresponding residue(s) of a different germline sequence (i.e., a germline sequence that is
different from the germline sequence from which the antibody was originally derived).
Furthermore, the antibodies of the present invention may contain any combination of two or
more germiine mutations within the framework and/or CDR regions, e.g., wherein certain
individual residues are mutated to the corresponding residue of a particular germiine sequence
while certain other residues that differ from the original germiine sequence are maintained or
are mutated to the corresponding residue of a different germline sequence. Once obtained,
antibodies and antigen-binding fragments that contain one or more germiine mutations can be
easily tested for one or more desired property such as, improved binding specificity, increased
binding affinity, improved or enhanced antagonistic or agonistic biological properties (as the
case may be), reduced immunogenicity, etc. Antibodies and antigen-binding fragments
obtained in this general manner are encompassed within the present invention.

[0088] The present invention also includes anti-hGCGR antibodies comprising variants of any
of the HCVR, LCVR, andf/or CDR amino acid sequences disclosed herein having one or more
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conservative substitutions. For example, the present invention inciudes anti-nGCGR antibodies
having HCVR, L.CVR, and/or CDR amino acid sequences with, e.g., 10 or fewer, 8 or fewer, 6
or fewer, 4 or fewer, etc. conservative amino acid substitutions relative to any of the HCVR,
LCVR, andfor CDR amino acid sequences disclosed herein.

[0089] The term "human antibody”, as used nherein, is intended to include antibodies having
variable and constant regions derived from human germline immunoglobulin sequences. The
human mAbs of the invention may include aming acid residues not encoded by human germline
immunoglobulin sequences (e.g., mutations introduced by random or site-specific mutagenesis
in vitro or by somatic mutation in vivo), for example in the CDRs and in particular CDR3.
However, the term "human antibody", as used hersin, is not intended to include mAbs in which
CDR sequences derived from the germiine of another mammalian species (e.g., mouse), have
been grafted onto human FR sequences. The anti-human GCGR antibodies of the invention
may be designated as “anti-hGCGER” or “anti-GCGR”.

(00907 The term "specifically binds," or the like, means that an antibody or antigen-binding
fragment thereof forms a complex with an antigen that is relatively stable under physiclogic
conditions. Specific binding can be characterized by an equilibrium dissociation constant of at
least about 1x10°° M or less (e.g.. a smaller Kp denotes a tighter binding). Methods for
determining whether two molecules specifically bind are well known in the art and include, for
example, equilibrium dialysis, surface plasmon resonance, and the like. An isolated antibody
that specifically binds hGCGR may, however, exhibit cross-reactivity to other antigens such as
GCGR molecules from other species. Moreover, multi-specific antibodies that bind fo hGCGR
and one or more additional antigens or a bi-specific that binds fo two different regions of
hGCGR are nonetheless considered antibodies that “specifically bind” hGCGR, as used herein.
[6091] The term “high affinity” antibody refers o those mAbs having a binding affinity to
hGCGR, expressed as Kp, of at least 10 M; preferably 107'%M; more preferably 107" M, even
more preferably 1072 M, as measured by surface plasmon resonance, e.q., BIACORE™ or
solution-afiinity ELISA.

[0082] By the term “slow off rate”, "Koff” or “kd” is meant an antibody that dissociates from
hGCGR with a rate constant of 1 x 107 s™ or less, preferably 1 x 10*s™ or less, as determined
by surface plasmon resonance, e.g., BIACORE™,

[0093] The terms "antigen-binding portion” of an antibody, "antigen-binding fragment” of an
antibody, and the like, as used herein, include any naturally occurring, enzymatically obtainable,
synthetic, or genetically engineered polypeptide or glycoprotein that specifically binds an
antigen to form a complex. The ferms "antigen-binding portion" of an antibody, or "antibody
fragment’, as used herein, refers to one or more fragments of an antibody that retain the ability
to specifically bind to hGCGR.

[0094] The specific embodiments, antibody or antibody fragments of the invention may be

conjugated to a therapeutic moiety (*immunoconjugate”), such as a second GCGR antagonist,
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or to biguanide (metformin}, a sulfonylurea (such as glyburide, glipizide), a PPAR gamma
agonist (such as pioglitazone, or rosiglitazone), an alpha glucosidase inhibitor {such as
acarbose, or voglibose), EXENATIDE® (glucagon-like peptide 1), SYMLIN® (pramlintide), a
chemotherapeutic agent, a radioisotope, or any other therapeutic moiety useful for treating a
disease or condition caused in part by unwanted glucagon activity.

[0095] An "isolated antibody”, as used herein, is intended to refer to an antibody that is
substantially free of other antibodies (Abs) having different antigenic specificities {(e.g., an
isolated antibody that specifically binds hGCGR, or a fragment thereof, is substantially free of
Abs that specifically bind antigens other than hGCGR).

[0098] A “blocking antibody” or a "neutralizing antibody”, as used herein (or an "antibody that
neutralizes GCGR activity"), is intended to refer to an antibody whose binding to hGCGR
results in inhibition of at lzast one biclogical activity of GCGR. For example, an antibody of the
invention may aid in preventing the increase in blood glucose levels associated with elevation of
glucagon levels, Alternatively, an antibody of the invention may demonstrate the ability fo block
cAMP production in response to glucagon. This inhibition of the biological activity of GCGR can
be assessed by measuring one or more indicators of GCGR bioclogical activity by one or more
of several standard in vitro or in vivo assays known in the art {see examples below).

[0097] The term "surface plasmon resonance”, as used herein, refers fo an optical
phenomenon that allows for the analysis of real-time biomolecular interactions by detection of
alterations in protein concentrations within a biosensor matrix, for example using the
BIACORE™ system (Pharmacia Bicsensor AB, Uppsala, Sweden and Piscataway, N.J.}.
[0098] The term "Kp ", as used herein, is intended {o refer to the equilibrium dissociation
constant of a particutar antibody-antigen interaction.

[0088] The term “epitope” refers 1o an antigenic determinant that interacts with a specific
antigen binding site in the variable region of an antibody molecule known as a paratope. A
single antigen may have more than one epitope. Thus, different antibodies may bind to different
areas on an antigen and may have different biological effects. The term “epitope” also refers o
a site on an antigen {o which B and/or T cells respond. 1t also refers to a region of an antigen
that is bound by an antibody. Epitopes may be defined as structural or functional. Functional
epitopes are generally a subset of the structural epitopes and have those residues that directly
contribute 1o the affinity of the interaction. Epitopes may also be conformational, that is,
composed of non-tinear amino acids. in certain embodiments, epitopes may include
determinants that are chemically active surface groupings of molecules such as amino acids,
sugar side chains, phosphoryl groups, or sulfonyl groups, and, in certain embodiments, may
have specific three-dimensional structural characteristics, and/or specific charge characteristics.
[0100] The term "substantial identity” or "substantially identical,” when referring to a nucleic
acid or fragment thereof, indicates that, when optimally aligned with appropriate nuciectide

insertions or deletions with another nucleic acid (or its complementary strand), there is
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nucleotide sequence identity in at least about 50%, and more preferably at least about 95%,
86%, 97%, 88% or 99% of the nucleotide bases, as measured by any well-known algorithm of
sequence identity, such as FASTA, BLAST or GAP, as discussed below. A nucleic acid
molecule having substantial identity to a reference nucleic acid molecule may, in certain
instances, encode a polypeptide having the same or substantially similar amino acid seguence
as the polypeptide encoded by the reference nucleic acid molecule.

[0101] As applied 1o poiypeptides, the term "substantial similarity” or “substantially similar”
means that two peptide sequences, when optimally aligned, such as by the programs GAP or
BESTFIT using default gap weights, share at least 90% seguence identity, even more
preferably at least 95%, 98% or 99% sequence identity. Preferably, residue positions, which
are not identical, differ by conservative amino acid substitutions. A "conservative aminge acid
substitution” is one in which an amino acid residue is substituted by another amino acid residue
having a side chain (R group) with similar chemical properties (e.g., tharge or hydrophobicity).
In general, a conservative amino acid substitution will not substantially change the functional
properties of a protein. in cases where two or more amino acid sequences differ from each
other by conservative substitutions, the percent or degrae of similarity may be adjusted
upwardgs to correct for the conservative nature of the substitution. Means for making this
adjustment are well known io those of skill in the art. See, e.g., Pearson (1994) Methods Mol.
Biol. 24: 307-331. Examples of groups of amino acids that have side chains with similar
chemical properties include 1) aliphatic side chains: glycine, alanine, valine, leucine and
isoleucine; 2} aliphatic-hydroxyt side chains: serine and threonine; 3} amide-containing side
chains: asparagine and glutamine; 4) aromatic side chains: phenylatanine, tyrosine, and
tryptophan; 5) basic side chains: lysine, arginine, and histidine; 6) acidic side chains: aspartate
and giutamate, and 7) sulfur-containing side chains: cysteine and methionine. Preferred
conservative amino acids substitution groups are: valine-leucine-isoleucing, phenylalanine-
tyrosine, lysine-arginine, alanine-valine, glutamate-aspartate, and asparagine-glutamine.
Alternatively, a conservative replacement is any change having a positive value in the PAM250
log-likelihood matrix disclosed in Gonnet et al. {1992) Science 256: 1443 45. A "moderately
conservative" replacement is any change having a nonnegative value in the PAM250 log-
likelihood matrix.

[0102] Sequence similarity for polypeptides is typically measured using sequence analysis
software. Protein analysis software matches simiiar sequences using measures of similarity
assigned to various substitutions, deletions and other modifications, including conservative
amino acid substitutions. For instance, GCG software contains programs such as GAP and
BESTFIT which can be used with default parameters to determine sequence homology or
sequence identity between closely related polypeptides, such as homologous polypeptides from
different species of organisms or between a wild type protein and a mutein thersof. See, e.g.,

GCG Version 6.1, Polypeptide sequences also can be compared using FASTA with defauit or
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recommended parameters; a program in GCG Version 6.1. FASTA (e.g., FASTAZ and
FASTAZ) provides alignments and percent sequence identity of the regions of the best overlap
between the query and ssarch sequences (Pearson (2000) supra). Another preferred algorithm
when comparing a sequence of the invention to & database containing a large number of
sequences from different organisms is the computer program BLAST, especially BLASTP or
TEBLASTN, using default parameters. See, e.g., Altschul ef af. (1990) J. Mol. Biol. 215: 403 410
and (1997} Nucleic Acids Res. 25:3389 402.

[G103] In specific embodiments, the antibody or antibody fragment for use in the method of the
invention may be mono-specific, bi-specific, or multi-specific. Multi-specific antibodies may be
specific for different epitopes of one target polypeptide or may contain antigen-binding domains
specific for epitopes of more than one target polypeptide. An exemplary bi-specific antibody
format that can be used in the context of the present invention involves the use of a first
immunoglobulin {lg) Cx3 domain and a second Ig C;3 domain, wherein the first and second Ig
Cu3 domains differ from one another by at least one amino acid, and wherein at least one
amino acid difference reduces binding of the bi-specific antibody fo Protein A as compared to a
bi-specific antibody lacking the amino acid difference. In one embodiment, the first ig Cu3
domain binds Protein A and the second Ig C3 domain contains a mutation that reduces or
abolishes Protein A binding such as an H95R modification (by IMGT exon numbering; H435R
by EU numbering). The second Cy3 may further comprise an Y36F modification (by IMGT;
Y436F by EU). Further modifications that may be found within the second Cu3 include: D16E,
L18M, N443, K52N, V57M, and V82l (by IMGT; D356E, L.358M, N384S, K392N, V397M, and
V4221 by EU) in the case of igG1 mAbs; N44S, K52N, and V82! (IMGT; N384S, K392N, and
V4221 by EU) in the case of 1gG2 mAbs; and Q15R, N448, K52N, V57M, RB9K, E79Q, and
V821 (by IMGT; Q355R, N384S, K392N, V397M, R409K, £418Q, and V422! by EU) in the case
of igG4 mAbs. Variations on the bi-specific antibody format described above are contemplated
within the scope of the present invention.

[0104] By the phrase “therapeutically effective amount” is meant an amount that produces the
desired effect for which it is administered. The exact amount will depend on the purpose of the
treatment, and will be ascertainable by one skilled in the art using known techniques (see, for
exampie, Lloyd {1999) The Art, Science and Technology of Pharmaceutical Compounding).
“Normal glucose levels” refers to mean plasma glucose values in humans of less than about 80
mg/dL for fasting levels, and about less than 110-120 mg/dL for post prandial levels. Plasma
glucose may be determined in accordance with Etgen et al., (Metabolism 2000; 49(5): 684-588)
or caloulated from a conversion of whole blood glucose concentration in accordance with
D'Orazio et af., (Clin. Chem. Lab. Med. 2006; 44(12): 1486-1480). “Cholesterol normalization”
or "normal cholesterol levels” refers to a total cholesterol level in a human of about less than
200 mg/dL, with a range of about 200-240 mg/dL. considered borderline high. From the total

normal cholesterol, a mean LDL value in humans of about 100 to about 129 mg/dL is
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considered normal and an HDL value above 45 mg/dlL is considered normai. The normal
triglyceride level in humans is less than 150 mg/dl. The normal total/HDL ratio is below 4.5,
and the normal LDL/HDL ratio is less than 3. These values may be determined in accordance
with standard laboratory practice {see also, Friedewald, WT, Clin. Chem (1972), 18:499-502;
Chen, Y. et al. Lipids Health Dis. {2010}; 9:52; Keevil, JG, et al., Circulation (2007), 115:1363-
1370; and Bairaktari, E. et a/., Clin. Biochem. (2000), 33:546-555). In certain embodiments of
the invention, the anti-GCGR antibodies may be usefu to lower blood glucose levels to within
the normal range. In certain embodiments of the invention, the anti-GCGR antibodies may be
useful to increase the level of HDL-C. In certain embodiments of the invention, the anti-GCGR

antibodies may be useful to decrease the level of triglycerides.

General Description

[0105] Since glucagon exerts its physiological effects by signaling through the glucagon
receptor, the glucagon receptor may be a potential therapeutic target for diabetes and other
glucagon related metabolic disorders. The use of glucagon receptor antagonists, such as the
antibodies described herein, may be an effective means of achieving normal levels of glucose,
thereby ameliorating, or preventing one or more symptoms or long term complications
associated with diabetes. The antibodies of the present invention may also be useful for
ameliorating conditions associated with, for example, impaired glucose tolerance, for treating
obesity, for preventing weight gain, for treating metabolic syndrome, or for treating diabetic
conditions, including diabetic ketoacidosis, or for preventing and/or lowering the risk of
developing any one or mare of the complications associated with diabetes, such as
nephiropathy, neuropathy, retinopathy, cataracts, stroke, atherosclerosis, impaired wound
healing and other complications associated with diabetes, known to those skilied in the art.
[0106] The use of the anti-hGCGR antibodies, as described herein, may also be useful for
treating other conditions, including hyperglycemia, hyperglycemic hyperosmolar syndrome
{Stoner, G.D., American Family Physician, (2005), 71(9):1723-1730; Diabetes Specirum,
Umpierrez, G.E., (2002}, 15(1:28-36; Nugent, B.W., Emergency Medicine Clinics of North
America, (2005), 23:629-648), perioperative hyperglycemia (Frisch, A. ef al. Diabeies Care,
(2010), 33(8):1783-1788; Hanazaki, K. et al. World J Gastroenterol, (2009}, 15(33): 4122-4125;
Smiley, D.D. et al. Southern Medical Journal, {2008), 99(6):580-589; Hermanides, J. ef al,, The
Netherlands J. of Med. 67(6):226-229; Maerz, L.L. et al., Current Opinion in Critical Care,
{20113, 17:370-375), hyperglycemia in intensive care unit patients (Gunst, J. ef al. , Seminars in
Dialysis, (2010), 23(2):157-162; Losser, M-R., Critical care, (2010), 14:231), hyperinsulinemia,
and insulin resistance syndrome and glucagonoma (pancreatic endocrine tumor with or without
necrolytic migratory erythema and hyperglycemia) (See for example, Boden, G. ef al. , N &Engl J
Med (1986); 314:1686-1689).

[0107] In certain embodiments, the antibodies of the invention were obtained from mice
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immunized with a primary immunogen, foilowed by immunization with a secondary immunogen.
The immunogen may be a cell line expressing the GCGR protein, or a biologically active
fragment thereof, or DNA encoding the GCGR protein or active fragment thereof, or the GCGR
protein or active fragment thereci. For example, in certain embodiments, the primary
immunogen may be a cell line engineered using standard procedures known in the art to gver-
express full-length hGCGR (e.g. the mouse MGBY cell line). Alternatively, DNA immunization
may be performed using DNA encoding full-length hGCGR (e.g. hGCGR constructs derived
from accession number NP_000151.1), or DNA encoding a biologically active fragment thereof,
for example, DNA encoding the N-terminal domain of GCGR (see, for example, SEQ ID NO:
158, which encodes SEQ ID NO: 158), or a soluble N-terminal protein, including that of SEQ 1D
NO: 159, or the amino acids spanning residues 27-144 of SEQ 1D NO: 153. The secondary
immunogen may be a GCGR protein, or biologically active fragment thereof, or a fusion protein,
such as hGCGR-mmH (REGN547, SEQ ID NO: 151) or hGCGR-hFc (REGN315, SEQ ID NO:
150; REGN316, SEQ 1D NO: 148).

[0108] in certain embodiments of the present invention, the N-terminal domain, having the
amino acid sequence shown in SEQ 1D NO: 159 (without the signal sequence), or any one or
more of the ectodomains of GCGR, e.g. any one or more of the exiracelluiar regions {or
fragments thereof) may be used to prepare antibodies that bind GCGR and inhibit its function,
e.g. its ahility to bind glucagon, which would resuit in lowering of blood glucose levels.

[0108] The fuil-length amine acid sequence of human GCGR is shown as SEQ 1D NO: 153,
The signal peptide spans amino acid residues 1-26 of SEQ 1D NO: 153; the N-terminal domain
spans residues 27-144 of SEQ ID NO: 153; extracellular region 1 (EC1) spans amino acid
residues 194-226 of SEQ |D NO: 153; exfracellular region 2 (EC2) spans amino acid residues
285-305 of SEQ ID NO: 153; and extraceliular region 3 {EC3) spans amino acid residues 369-
384 of SEQ ID NO:153.

{0110} In certain embodiments, antibodies that bind specifically to GCGR may be prepared
using fragments of the above-noted extracellular regions, or peptides that extend beyond the
designated regions by about 5 o about 20 amino acid residues from either, or both, the Nor C
terminal ends of the regions described herein. In certain embodiments, any combination of the
above-noted regions or fragments thereof may be used in the preparation of GCGR specific
antibodies. In certain embodiments, any one or more of the above-noted regions of GCGR, or
fragments thereof may be used for preparing monospecific, bispecific, or muitispecific
antibodies.

Antigen-Binding Fragments of Antibodies
[0111] Unless specifically indicated otherwise, the term "antibody,” as used herein, shall be
understood to encompass antibody molecules comprising two immunoglobuiine heavy chains

and two immunoglobulin light chains (i.e., "full antibody molecules”) as well as antigen-binding
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fragments thereof. The terms “antigen-binding portion™ of an antibody, "antigen-binding
fragment” of an antibody, and the like, as used herein, include any naturally cccurring,
enzymatically obtainable, synthetic, or genetically engineered polypeptide or glycoprotein that
specifically binds an antigen to form a complex. The terms "antigen-binding portion” of an
antibody, or "antibody fragment’, as used herein, refers to one or more fragments of an
antibody that retain the abiiity to specifically bind to hGCGR. An antibody fragment may include
a Fab fragment, a F(ab"), fragment, a Fv fragment, a dAb fragment, a fragment containing a
CDR, or an isolated CDR. Antigen-binding fragments of an antibody may be derived, e.g., from
full antibody molecules using any suitable standard techniques such as proteolytic digestion or
recombinant genetic engineering technigues involving the manipulation and expression of DNA
encoding antibody variable and (optionally) constant domains, Such DNA is known and/or is
readily available from, e.g., commercial sources, DNA libraries (inciuding, &.g., phage-antibody
libraries), or can be synthesized. The DNA may be sequenced and manipulated chemically or
by using molecular biology techniques, for example, to arrange one or more variable and/or
constant domains into a suitable configuration, or to infroduce codons, create cysteine residues,
modify, add or deletie amino acids, etc.

[0112] Non-limiting examples of antigen-binding fragments include: (i) Fab fragments; {ii)
F(ab"2 fragments; (iif) Fd fragments; (iv) Fv fragmenis; (v) single-chain Fv {scFv) molecules;
{vi) dAb fragments; and (vii) minimal recognition units consisting of the amino acid residues
that mimic the hypervariable region of an antibody {e.g., an isolated complementarity
determining region (CDR) such as a CDR3 peptide), or a constrained FR3-CDR3-FR4
peplide. Other engineered molecules, such as domain-specific antibodies, single domain
antibodies, domain-deleted antibodies, chimeric antibodies, CDR-grafted antibodies,
diabodies, triabodies, tetrabodies, minibodies, nanobodies {e.g. monovalent nanobodies,
bivalent nanobodies, etc.), small modular immunopharmaceuticals (SMiPs), and shark
variabie IgNAR demains, are also encompassed within the expression "antigen-binding
fragment,” as used herein.

[0113] An antigen-binding fragment of an antibody will typically comprise at least one variable
domain. The variable domain may be of any size or amino acid composition and will generally
comprise at least one CDOR, which is adjacent to or in frame with one or more framework
sequences. In antigen-binding fragments having a Vy domain associated with a V. domain, the
Vy and Vi domains may be situated relative 1o one ancther in any suitable arrangement. For
example, the variable region may be dimeric and contain Vy - Vi, Vi - Vi or Vy -V, dimers.
Alternatively, the antigen-binding fragment of an antibody may contain a monomeric Vy or Ve
domain.

[0114] In certain embodiments, an antigen-binding fragment of an antibody may contain at
least one variable domain covalently linked to at least one constant domain, Non-limiting,

exemplary configurations of variable and constant domains that may be found within an
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antigen-binding fragment of an aniibody of the present inveniion include: (i) Vi -Cu; (i) Vi -
Cu2; (i) Vi -Cy3; (iv) Vi -Cy1-Cu2; (v) Vi -G 1-C2-Cii3; (vi) Vi -Cp2-Cp3; (vil) Vi =Cy; {viil) Vy -
Cut; {ix) VL -Cp2; () VL -Cu3; (xi) VL -Cu1-Cu2; (xil) VL -Cy1-C2-Cp3; (xiil) V| -Cp2-Cp3; and
(xiv) V_-CL. In any configuration of variable and constant domains, including any of the
exemplary configurations listed above, the variable and constant domains may be either directly
linked to one another or may be linked by a full or partial hinge or linker region. A hinge region
may consist of at least 2 (e.g., 5, 10, 15, 20, 40, 60 or more) amino acids, which resultin a
flexible or semi-fliexible linkage between adjacent variable and/or constant domains in a single
polypeptide molecule. Moreover, an antigen-binding fragment of an antibody of the present
invention may comprise a homo-dimer or hetero-dimer (or cther multimer) of any of the variable
and constant domain configurations listed above in non-covalent association with one another
and/or with one or more monomeric Vi or V, domain (e.qg., by disulfide bond(s}).

10115} As with full antibody molecules, antigen-binding fragments may be mono-specific or
multi-specific (e.g., bi-specific). A muiti-specific antigen-binding fragment of an antibody will
typically comprise at least two different variable domains, wherein each variable domain is
capable of specifically binding to a separate antigen or to a different epitope on the same
antigen. Any multi-specific antibody format, including the exemplary bi-specific antibody
formats disclosed herein, may be adapted for use in the context of an antigen-binding fragment

of an antibody of the present invention using routine techniques available in the art.

Preparation of Human Antibodies

[0118] Methods for generating human antibodies in tfransgenic mice are known in the art. Any
such known methods can be used in the context of the present invention to make human
anitbodies that specifically bind to human GCGR.

[01171 Using VELOCIMMUNE™ technology (see, for example, US 6,596,541, Regeneron
Pharmaceuticals, VELOCIMMUNE®) or any other known method for generating monoclonal
antibodies, high affinity chimeric antibodies to GCGR are initially isolated having a human
variable region and a mouse constant region. The VELOCIMMUNE® iechnology involves
generation of a transgenic mouse having a genome comprising human heavy and light chain
variable regions operably linked fo endogenous mouse constant region loci such that the
mouse produces an antibody comprising a human variable region and a mouse constani region
in response to anfigenic stimulation. The DNA encoding the variable regions of the heavy and
fight chains of the aniibody are isolated and operably linked o DNA encoding the human heavy
and light chain constant regions. The DNA is then expressed in a cell capable of expressing
the fully human antibody.

[0118] Generally, 2a VELOCIMMUNE® mouse is challenged with the antigen of interest, and
lymphatic cells {such as B-cells) are recovered from the mice that express antibodies. The

lymphatic cells may be fused with a myeloma cell line to prepare immartal hybridoma cell lines,
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and such hybridoma celi lines are screened and selected to identify hybridoma cell lines that
produce antibodies specific to the antigen of interest. DNA encoding the variable regions of the
heavy chain and light chain may be isolated and linked to desirable isotypic constant regions of
the heavy chain and light chain. Such an antibody protein may be produced in a cell, such as a
CHO cell. Alternatively, DNA encoding the anfigen-specific chimeric antibodies or the variable
domains of the light and heavy chains may be isolated directly from antigen-specific
iymphocytes.

[0119] Initially, high affinity chimeric antibodies are isolated having a human variable region
and a mouse constant region. As in the experimental section below, the antibodies are
characterized and selected for desirable characteristics, including affinity, selectivity, epitope,
etc. The mouse constant regions are replaced with a desired human constant region to
generate the fully human antibody of the invention, for example wild-type or modified 1gG1 or
igG4. While the constant region selected may vary according to specific use, high affinity
antigen-binding and target specificity characteristics reside in the variable region.

[0120} In general, the antibodies of the instant invention possess very high affinities, typically
possessing Kp of from about 107 through about 10° M, when measured by binding to antigen
either immobilized on solid phase or in solution phase. The mouse constant regions are
replaced with desired human constant regions to generate the fully human antibodies of the
invention. While the constant region selected may vary according to specific use, high affinity

antigen-binding and target specificity characteristics reside in the variable region,

Bioequivalents

[0121] The anti-GCGR antibodies and antibody fragments of the present invention encompass
proteins having amino acid sequences that vary from those of the described antibodies, but that
retain the ability fo bind human GCGR. Such variant antibodies and antibody fragments
comprise one or more additions, deletions, or substitutions of amino acids when compared to
parent sequence, but exhibit biological activity that is essentially equivalent to that of the
described antibodies. Likewise, the anti-GCGR antibody-encoding DNA sequences of the
present invention encompass sequences that comprise one or more additions, deletions, or
substitutions of nuclectides when compared 1o the disclosed sequence, but that encode an anti-
GCGR antibody or antibody fragment that is essentially bivequivalent to an anti-GCGR antibody
or antibody fragment of the invention.

{0122] Two antigen-binding proteins, or antibodies, are considered bioequivalent if, for
example, they are pharmaceutical equivalents or pharmaceutical alternatives whose rate and
extent of absorption do not show a significant difference when administered at the same molar
dose under similar experimental conditions, either single does or muliiple dose. Some
antibodies will be considered equivalents or pharmaceutical alternatives if they are equivalent in

the extent of their absorption but not in their rate of absorption and yet may be considered
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bicequivalent because such differences in the rate of absorpifon are intentional and are
reflected in the labeling, are not essential to the attainment of effective body drug
concentrations on, e.g., chronic use, and are considered medically insignificant for the particuiar
drug product studied.

[6123] In one embodiment, two antigen-binding proteins are bioequivalent if there are no
clinically meaningfui differences in their safety, purity, and potency.

[0124] [n one embodiment, two antigen-binding proteins are bioequivalent if a patient can be
switched one or more times between the reference product and the biological product without
an expected increase in the risk of adverse effects, including a clinically significant change in
immunogenicity, or diminished effectiveness, as compared to continued therapy without such
switching.

[0125] In one embodiment, two antigen-binding proteins are bioequivalent if they both act by a
common mechanism of mechanisms of action for the condition or conditions of use, to the
extent that such mechanisms are known.

[0126] Bioequivalence may be demonsirated by in vivo and/or in vitro methods.
Bioequivalence measures include, e.g., (2) an in vivo test in humans or other mammals, in
which the concentration of the antibody or its metabolites is measured in blood, plasma, serum,
or other biological fluid as a function of time; (b} an in vitrc test that has been correlated with
and is reasonably predictive of human in vivo bicavailability data; {(¢) an in vivo test in humans
or other mammals in which the appropriate acute pharmacoiogical effect of the antibody (or its
target) is measured as a function of time; and (d) in a well-controlled clinical trial that
establishes safety, efficacy, or bioavailability or bioequivalence of an antibody.

[0127] Bioequivaient variants of anti-GCGR antibodies of the invention may be constructed by,
for example, making various substitutions of residues or sequences or deleting terminal or
internal residues or sequences not needed for biological activity. For example, cysteine
residues not essential for biological activity can be deleted or replaced with other amino acids to
prevent formation of unnecessary or incorrect intramolecular disulfide bridges upon
renaturation. In other contexts, bioequivalent antibodies may include anti-GCGR antibody
varianis comprising amino acid changes, which modify the glycosylation characteristics of the

antibodies, e.g., mutations which eliminate or remove glycosylation.

Biological Characteristics of the Antibodies

[0128} in general, the antibodies of the present invention may function by binding to at least
one of the extracelluiar regions of hGCGR. In certain embodiments, the antibodies of the
present invention may bind to an epitope located in at least the N-terminal region, or to an
epitope located in at least one of the extracellular (EC) loops of hGCGR.

[0128] in certain embodiments, the antibodies of the present invention may function by blocking

or inhibiting GCGR activity by binding to the extraceliular N-terminal region, the amino acid
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sequence of which is shown in SEQ ID NG: 158, and which is encoded by the nucleic acid
sequence shown in SEQ 1D NO: 158,

[6130] In certain embodiments, the antibodies of the present invention may function by blocking
or inhibiting GCGR activity by binding to at least one of the EC loops or loop segments within
the whole receptor. In one embodiment, the antibodies of the invention may bind 1o an epitope
located in EC1, which is located between about amino acid residue194 fo about amino acid
residue 226 of SEQ 1D NO: 153, Alternatively, or additionally, the antibodies of the invention
may bind to an epifope found in EC2, which is located between about amino acid residue 285 to
about amino acid residue 302 of SEQ iD NO: 153. Alternatively, or additionalty, the antibodies
of the invention may bind to an epitope found in EC3, which is located between about amino
acid residue 369 to about amino acid residue 384 of SEQ ID NO: 153.

[0131] in certain embodiments, the antibodies of the present invention may be bi-specific
antibodies. The bi-specific antibodies of the invention may bind one epitope in EC1 and may
atso bind one epitope in a region of hGCGR other than EC1. In certain embodiments, the bi-
specific antibodies of the invention may bind one epitope in EC1 and may also bind one epitope
in EC2 or EC3, or in the N-terminal region, or in any other region within EC1, EC2, or EC3 of
hGCGR, or any combination thereof. In certain embodiments, the bi-specific antibodies of the
invention may bind to two different sites within the same extracelhidar region.

[0132] More specifically, the anti-GCGR antibodies of the invention may exhibit one or. more of
the following characteristics: (1) ability to bind to a human GCGR or a fragment thereof and 1o a
nhon-human (e.g., mouse, monkey, rat, rabbit, dog, pig, efc.) GCGR or fragment thereof; (2)
ability to bind to a human GCGR or fragment thereof, but not to a non-human (e.g., mouse,
monkey, rat, rabbit, dog, pig, etc.) GCGR or fragment thereof; (3) ability to bind to a human
GCGR or fragment thereof and 1o a non-human primate (e.g. monkey) GCGR or fragment
thereof, but not to a mouse, rat, rabbit, dog or pig GCGR or GCGR fragment; (4) ability to bind
{0 a human GCGR or fragment thereof and to a non-human primate {(e.g. monkey) GCGR or a
fragment therecf, and to a mouse GCGR or a fragment thereof, but not to a rat GCGR; (5)
ability to bind to a human GCGR or fragment thereof and to a non-human primate (e.g.
monkey) GCGR or a fragment thereof, and to a rat GCGR or a fragment thereof, but notfo a
mouse GCGR,; 6) blocks glucagon binding to GCGR; 7} blocks glucagon induced cAMP
production; 8) demonstrates the ability to lower blood glucose levels in humans suffering from
diabetes and in animal models of diabetes; 9) may or may not lower triglyceride levels to the
levels observed in normal mammals; or 10} does not adversely affect plasma lipid levels.
[0133] Certain anti-GCGR antibodies of the present invention are able to inhibit or attenuate
GCGR activity in an In vitro or in vivo assay. The abhility of the antibodies of the invention to
bind to and inhibit binding of glucagon to GCGR may be measured using any standard method
known to those skilled in the ari, including binding assays, reporter bioassays, such as a
luciferase reporter assay.
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[G134] Non-limiting, exempiary in vitro assagfs for measuring GCGR activity are illustrated in
Examples 4 and 5, herein. In Example 4, the binding affinities and kinetic constants of human
anti-hGCGR antibodies were determined by surface plasmon resonance and the
measurements were conducted on a T100 Biacore instrument. In Example 5, a bicassay was
developed in HEK293 cell lines expressing full length human, monkey and mouse GCGR along
with a luciferase reporter in order to detect activation through Ges, and subsequent elevation of
cAMP levels and transcriptional activation. Examples 6, 7, 8, 8 and 10 demonstrate the jin vivo
effects of the antibodies on lowering of blood glucose levels, bicod ketone levels, and on weight
loss, in various animal models.

[0135] The present invention also includes anti-GCGR antibodies and antigen binding
fragments thereof which bind to at least one biclogically active fragment of any of the following
proteins, or peptides: SEQ ID NO: 153 (full length hGCGR), residue numbers 27-144 of SEQ
ID NO: 153 (N-terminal domain of hGCGRY); residues 184-226 of SEQ ID NO: 153; residues
285-305 of SEQ ID NO: 153; residues 369-384 of SEQ ID NO: 153. Any of the GCGR peptides
described herein, or fragments thereof, may be used o generate anti-GCGR antibodies.
[0138] The peptides may be modified to include addition or substitution of certain residues for
tagging or for purposes of conjugation to carrier molecules, such as, KLH. For exampie, a
cysteine may be added af gither the N terminal or C terminal end of a peptide, or a inker
sequence may be added fo prepare the peptide for conjugation to, for example, KLH for
immunization. The antibodies specific for GCGR may contain no additional labels or moieties,
or they may contain an N-terminal or C-terminal label or moiety. In one embodiment, the label
or moiety is biotin. in a binding assay, the location of a label (if any) may determine the
orientation of the peptide relative to the surface upon which the peptide is bound. For example,
if a surface is coated with avidin, a peptide containing an N-terminal biotin wili be oriented such
that the C-terminal portion of the peptide will be distal to the surface.

[0137] in one embodiment, the invention provides a fully human monoclonal antibody or
antigen-binding fragment thereof that specifically binds hGCGR and neutralizes hGCGR
activity, wherein the antibody or fragment thereof exhibits one or more of the following
characteristics: (i) comprises a HCVR having an amino acid sequence selected from the group
consisting of SEQ 1D NO: 2, 18, 34, 50, 66, 70, 86, 90, 106, 110, 126, 130, and 1486; {ii)
comprises a LCVR having an amino acid sequence selected from the group consisting of SEQ
ID NO: 10, 26, 42, 58, 68, 78, 88, 98, 108, 118, 128, 138, and 148; (iii) comprises any one or
more of the heavy chain CDR1 sequences selected from the group consisting of 4, 20,. 36, 52,
72,92, 112 and 132; any one or more of the heavy chain CDR2 seguences selected from the
group consisting of 6, 22, 38, 54, 74, 94, 114 and 134; any one or more of the heavy chain
CDR3 seguences selected from the group consisting of 8, 24, 40, 56, 76, 96, 116 and 136; any
one or more of the light chain CDR1 sequences selected from the group consisting of 12, 28,
44, 60, 80, 100, 120 and 140; any one or more of the light chain CDR2 seguences selected
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from the group consisiing of 14, 30, 46, 62, 82, 102, 122 and 142; any one or more of the ligiht
chain CDR3 sequences selected from the group consisting of 16, 32, 48, 64, 84, 104, 124 and
144; and combinations thereof; {iv) demonstrates binding specificity for any one or more of the
following: the N-terminal region of GCGR comprising amino acid residues 27-144 of SEQ 1D
NO: 153, or for any one or more of the extracellular loops of GCGR, including, for example,
EC1, ECZ, or EC3, wherein EC1 comprises amino acid residues ranging from about residug
194 to about residue 226 of SEQ ID NO: 153, and wherein EC2 comprises amino acid residues
ranging from about residue 285 to about residue 305 of SEQ ID NO: 153; and wherein EC3
comprises amino acid residues ranging from about residue 369 ic about residue 384 of SEQ 1D
NG: 153; (v) binds any one or more of human, monkey, mouse or rat GCGR,; (vi} blocks binding
of giucagon to GCGR; vi) blocks glucagon induced cAMP production; vii) demonstrates the
ahility to lower blood glucose levels or blood ketone levels in humans suffering from diabetes or
in animal models of diabetes; viil) may or may not lower friglyceride levels to the levels

observed in normal mammals; or ix) does not adversely affect plasma lipid levels.

Epitope Mapping and Related Technologies

[0138] To screen for antibodies that bind to a particuiar epitope, a routine cross-blocking assay
such as that described Antibodies, Harlow and Lane (Cold Spring Harbor Press, Cold Spring
Harb., NY) can be performed. Other methods include alanine scanning mutants, peptide blots
{Reineke (2004) Methods Mol Biol 248:443-G3), or peptide cleavage analysis. In addition,
methods such as epitope excision, epitope extraction and chemical modification of antigens can
be emploved (Tomer (2000} Protein Science 9: 487-496).

[0138] The term "epitope” refers to a site on an antigen to which B and/or T cells respond. B-
cell epitopes can be formed both from contiguous amino acids or noncontiguous amino acids
juxtaposed by tertiary folding of a protein. Epitopes formed from contiguous amino acids are
typically retained on exposure to denaturing solvents, whereas epitopes formed by tertiary
folding are typically lost on treatment with denaturing solvents. An epitope typically includes at
ieast 3, and more usually, at least 5 or 8-10 amino acids in a unigue spatial conformation.
[0140] Modification-Assisted Profiling (MAP), also known as Antigen Structure-~based Antibody
Profiling (ASAP) is a method that categorizes large numbers of monoclonal antibodies {mAbs)
directed against the same antigen according to the similarities of the binding profile of each
antibody to chemically or enzymatically modified antigen surfaces (See US 2004/0101920).
Each category may reflect a unique epitope either distinctly different from or partially
overlapping with epitope represented by another category. This technology allows rapid
filtering of genetically identical antibodies, such that characterization can be focused on
genetically distinct antibodies. When appiied to hybridoma screening, MAP may facilitate
identification of rare hybridoma clones that produce mAbs having the desired characteristics.

MAP may be used to sort the anti-GCGR antibodies of the invention into groups of antibodies
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binding different epitopes.

[0141] In certain embodiments, the anti-GCGR antibody or antigen-binding fragment of an
antibody binds an epitope within at least one of the extracellular regions of GCGR, crto a
fragment thereof, wherein the extracellular region is the N-terminal domain, or one of the EC
loops, including EC1, ECZ2, or EC3, as described previously.

[0142] In one embodiment, the antibody binds an epitope within the N-terminal region of
GCGR, or a fragment thereof, comprising an amino acid sequence ranging from about amino
acid residue 27-144 of SEQ iD NO: 153, In one embodiment, the antibody binds an epitope
within EC1, or a fragment thereof, comprising an amino acid sequence ranging from about
amino acid residue 194-226 of SEQ ID NO: 153. In one embodiment, the antibody binds an
epitope within EC2, or a fragment thereof, comprising an amino acid sequence ranging from
amino acid residue 285-305 of SEQ iD NO: 153. In one embodiment, the antibody binds an
epitope within EC3, or a fragment thereof, comprising an amino acid sequence ranging from
about amino acid residue 369-384 of SEQ ID NO: 153.

[0143] In certain embodiments, the antibody or antibody fragment binds an epitope which
includes more than one of the enumerated epitopes of GCGER within the N-terminat domain, or
within EC1, EC2, or EC3, and/or within two or three different extraceliular regions (for example,
epitopes within the N-terminal region, EC1, ECZ and EC3 loops, or within EC1, EC2, and EC3,
or within the N-terminal region, ECZ2 and EC3 loops, or within the N-terminal region, EC1 and
EC3 lpops.

[0144] in certain embodiments, the antibody is a bi-specific antibody that binds one epitope
within one extracellular region of GCGR and another epitope within a different extracelfular
region of GCGR, including the N-terminal domain, or EC1, EC2, or EC3.

[0145] In one embodiment, the antibody is a bi-specific antibody that binds one epitope in the
N-terminal region of hGCGR and another epitope in EC1 of hGCGR. In one embodiment, the
antibody is a bi-specific antibody that binds one epitope in the N-terminal region of hGCGR and
another epitope in EC1 of hGCGR. In one embodiment, the antibody is a bi-specific antibody
that binds one epitope in the N-terminal region of hGCGR and another epitope in EC2 of
hGCGR. In one embodiment, the antibody is a bi-specific antibody that binds one epitope in the
N-terminal region of hGCGR and another epitope in EC3 of hGCGR. In one embodiment, the
antibody is a bi-specific antibody that binds one epitepe in EC1 of hGCGR and another epiiope
in EC2 of hGCGR. In one embodiment, the antibody is a bi-specific antibody that binds one
epitope in EC1 of hGCGR and another epitope in EC3 of hGCGR. In one embodiment, the
antibody is a bi-specific antibody that binds one epitope in EC2 of hGCGR and another epitope
in EC3 ¢f hGCGR.

[0148] in one embodiment, the antibody is a bi-specific anitbody that binds one epitope inthe N
terminal domain of hGCGR, wherein the one epitope ranges from about residue 27 to about
residue 144 of SEQ ID NO; 153 and a second epitope in EC1 of hGCGR, wherein the second
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epitope ranges from about residue number 194 to about residue number 226 of SEQ D NO:
153. In one embodiment, the antibody is a bi-specific antibody that binds one epitope in the N
terminal domain of hGCGR within the residues noted above, and a second epitope in EC2 of
hGCGR, wherein the second epitope ranges from about residue number 285 o about residue
number 305 of SEQ ID NO:153. In one embodiment, the antibody is a bi-specific antibody that
binds one epitepe in the N terminal domain of hGCGR within the residues noted above, and a
second epitope in EC3 of hGCGR, wherein the second epitope ranges from about residue
number 369 to about residue number 384 of SEQ 1D NO: 153,

[0147] in one embodiment, the antibody is a bi-specific antibody that binds one epitope in EC1
of hGCGR from about residue 194 to about residue 226 of SEQ ID NO: 153 and a second
epitope in EC2 of GCGR from about residue 285 to about residue 305 of SEQ ID NO: 153. In
one embodiment, the antibody is a bi-specific antibody that binds one epitope in EC1 from
about residue 194 to about residue 226 of SEQ 1D NO: 153 and a second epitope in EC3 of
GCGR from about residue 362 to about residue 384 of SEQ iD NO:153. In one embodiment,
the antibody is a bi-specific antibody that binds one epitope in EC2 from about residue 285 to
about residue 305 of SEQ ID NO:153 and a second epitope in EC3 of GCGR from about
residue 369 to about residue 384 of SEQ ID NO:153.

[6148] The present invention includes anti-GCGR antibodies that bind to the same epitope as
any of the specific exemplary antibodies described herein {e.g., H4H1345N, H4H1617N,
H4H1765N, H4H1321B and H4H1321P, H4H1327B and H4H1327P, H4H1328B and
H4H1328P, H4H1331B and M4H1331P, H4H1339B and H4H1339P). Likewise, the present
invention also includes anti-GCGR antibedies that compete for binding to GCGR or a GCGR
fragment with any of the specific exemplary antibodies described herein.

[0148} One c;an easily determine whether an antibody binds to the same epitope as, or
competes for binding with, a reference anti-GCGR antibody by using routine methods known in
the art. For example, to determine if a test antibody binds to the same epitope as a reference
anti-GCGR antibody of the invention, the reference antibody is allowed to bind to a GCGR
protein or peptide under saturating conditions. Next, the ability of a test antibody to bind to the
GCGR molecule is assessed. If the test antibody is able to bind to GCGR following saturation
binding with the reference anti-GCGR aniibody, it can be concluded that the test antibody binds
to a different epitope than the reference anti-GCGR antibody. On the othar hand, if the test
antibody is not able to bind to the GCGR molecule following saturation binding with the
reference anti-GCGR antibody, then the test antibody may bind fo the same epitope as the
epitope bound by the reference anti- GCGR antibody of the invention.

[0150] To determine if an antibody competes for binding with a reference anti-GCGR antibody,
the above-described binding methodology is performed in two orientations: In a first orientation,
the reference antibody is allowed to bind to a8 GCGR molecule under saturating conditions

followed by assessment of binding of the test antibody to the GCGR molecule. In a second
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orientation, the test antibody is allowed to bind o a GCGR moiecule under saturating conditions
followed by assessment of binding of the reference antibody to the GCGR molecule. I, in both
orientations, only the first {saturating) antibody is capable of binding to the GCGR molecule,
then it is concluded that the test antibody and the reference antibody compete for binding to
GCGR. As will be appreciated by a person of ardinary skill in the art, an antibody that
competes for binding with a reference antibody may not necessarily bind to the identical epitope
as the reference antibody, but may sterically block binding of the reference antibody by binding
an overlapping or adjacent epitope.

[0151] Two antibodies bind to the same or overlapping epitope if each competitively inhibits
(blocks) binding of the other to the antigen. That s, a 1-, 5-, 10-, 20- or 100-foid excess of one
antibody inhibits binding of the other by at least 50% but preferably 75%, 90% or even 99% as
measured in a competitive binding assay (see, e.g., Junghans et al., Cancer Res. 1990
5011495-1502). Alternatively, two antibodies have the same epitope if essentially all amino acid
mutations in the antigen that reduce or eliminate binding of one antibody reduce or eliminate
binding of the other. Two antibodies have overlapping epitopes if some amino acid mutations
that reduce or gliminate binding of one antibody reduce or eliminate binding of the other.

[0152] Additional routine experimentation (e.g., peptide mutation and binding analyses) can
then be carried out to confirm whether the observed lack of binding of the test antibody is in fact
due to binding to the same epitope as the reference antibody or if steric blocking {or another
phenomenon) is responsible for the lack of observed binding. Experiments of this sort can be
performed using ELISA, RIA, surface plasmon resonance, flow cytometry or any other

guantitative or qualitative antibody-binding assay available in the art.

Species Selectivity and Species Cross-Reactivily

[6153] According to certain embodiments of the invention, the anti-GCGR antibodies bind o
human GCGR but not to GCGR from other species. Alternatively, the anti-GCGR antibodies of
the invention, in certain embodiments, bind to human GCGR and to GCGR from one or more
nomn-human species. For example, the anti-GCGR antibodies of the invention may bind to
human GCGR and may bind or not bind, as the case may be, to one or more of mouse, rat,
guinea pig, hamster, gerbil, pig, cat, dog, rabbit, goat, sheep, cow, horse, camel, cynomolgus,

marmoset, rhesus or chimpanzee GCGR.

Immunoconjugates

{0154] The invention encompasses a human anti-GCGR monoclonal antibody conjugated to a
therapeutic moiety {"immunoconjugate”), such as an agent that is capable of reducing blood
glucose levels, or a radiolsotope, or a chemotnerapeutic agent, The type of therapeutic moiety
that may be conjugated to the anti-GCGR antibody will take into account the condition to be

34



treated and the desired therapeutic effect fo be achieved. For example, for treating diabetes, or
any other condition whereby it is desirable to lower biood glucose, and/or fo maintain normal
blood glucose levels, an agent such as biguanide {e.g. metformin), a suifonylurea (e.g.
glyburide, glipizide), a PPAR gamma agonist (e.g. pioglitazone, rosiglitazone); an alpha
glucosidase inhibitor {e.g. acarbose, voglibose), an inhibitor of advanced glycation endproduct
formation (e.g. aminoguaniding), or a second GCGR inhibitor may be conjugated to the GCGR
antibody. Alternatively, if the desired therapeutic effect is to treat the sequelae or symptoms
associated with diabetes, or any other condition resulting from high, or uncontrolied blood
glucose levels, it may be advantageous to conjugate an agent appropriate to treat the sequelae
or symptoms of the condition Examples of suitable agents for forming immunoconjugates are
known in the ar, see for example, WO 05/103081.

Multi-specific Antibodies

{0155] The antibodies of the present invention may be mono-specific, bi-specific, or multi-
specific. Multi-specific antibodies may be specific for different epitopes of one target
polypeptide or may contain antigen-binding domains specific for more than one target
polypepiide. See, e.g., Tult ef al., 1991, J. Immunol. 147:60-89; Kufer et al., 2004, Trends
Biotechnol. 22:238-244. The anti-GCGR antibodies of the present invention can be linked to or
co-expressed with another functional molecule, e.g., another peptide or protein. For exampie,
an antibody or fragment thereof can be functionally linked (e.g., by chemical coupling, genetic
fusion, noncovalent association or otherwise) to one or more other molecular entities, such as
another antipody or antibody fragment to produce a bi-specific or a multi-specific antibody with
a second binding specificity. For example, the present invention includes bi-specific antibodies
wherein one arm of an immunoglobulin is specific for human GCGR or a fragment thereof, and
the other arm of the immunoglobulin is specific for a second therapeutic target or is conjugated
o a therapeutic moiety. tn certain embodiments of the invention, one arm of an
immunoglobulin is specific for an epitope on the N-terminal domain of hGCGR or a fragment
thereof, and the other arm of the immunoglobuiin is specific for an epitope on one of the EC
toops of hGCGR, or a fragment thereof. In certain embodiments, one arm of an
immunoglobulin is specific for one EC loop, or a fragment thereof, and the second arm is
specific for a second EC loop, or a fragment thereof. In certain embodiments, one arm of an
immunoglobulin is specific for one epitope on one EC loop of hGCGR and the other arm is
specific for a second epitope on the same EC loop of hGCGR.

[0156] An exemplary bi-specific antibody format that can be used in the context of the present
invention involves the use of a first immunogiobulin {Ig) C43 domain and a second Ig Cy3
domain, wherein the first and second lg Cu3 domains differ from one another by at least one
amino acid, and wherein at least one amino acid difference reduces binding of the bi-specific

antibody fo Protein A as compared to a bi-specific antibody lacking the amino acid difference.
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In one embodiment, the first ig Cn3 domain binds Protein A and the second g Cp3 domain
contains a mutation that reduces or abolishes Protein A binding such as an H95R modification
(by IMGT exon numbering; H435R by EU numbering). The second Cy3 may further comprise a
YO6F modification {by IMGT; Y436F by EU). Further modifications that may be found within the
second Cy3 include: D16E, L18M, N44S, K&2N, V5TM, and V82! (by IMGT; D356E, L.358M,
N3848S, K302N, V397M, and V422] by EU) in the case of IgG1 antibodies; N44S, K52N, and
V821 (IMGT: N38485, K392N, and V4221 by EU) in the case of IgG2 antibodies; and Q15R,
N445, K&2N, V57M, RB9K, E79Q, and V82! (by IMGT; Q1355R, N38483, K392N, V387M,
R408K, E419Q, and V422| by EU) in the case of tgG4 antibodies. Variations on the bi-specific

antibody format described above are contemplated within the scope of the present invention.

Therapeutic Administration and Formulations

[0157] The invention provides therapeutic compositions comprising the anti-GCGR antibodies
or antigen-binding fragments thereof of the present invention. The administration of therapeutic
compesitions in accordance with the invention will be administered with suitable carriers,
excipients, and other agents that are incorporated into formulations to provide improved
transfer, delivery, tolerance, and the like. A multitude of appropriate formulations can be found
in the formulary known to all pharmaceutical chemisis: Remington's Pharmaceutical Sciences,
Mack Publishing Company, Easton, PA. These formulations include, for example, powders,
pastes, ointments, jeflies, waxes, oils, lipids, lipid (cationic or anionic) containing vesicles (such
as LIPOFECTIN ™), DNA conjugates, anhydrous absorption pastes, oil-n-water and water-in-oil
emulsions, emulsions carbowax (polyethylene glycois of various molecular weights), semi-solid
gels, and semi-solid mixtures containing carbowax. See also Powell et al. "Compendium of
excipients for parenteral formulations” PDA (1998) J Pharm Sci Technol 52:238-311.

[0158] The dose of antibody may vary depending upon the age and the size of a subject {0 be
administered, target disease, conditions, route of administration, and the like. When the
antibody of the present invention is used for lowering blood glucose levels associated with
GCGR activity in various conditions and diseases, such as diabetes, in an adult patient, it is
advantageous 1o intravenously administer the antibody of the present invention normally at a
singie dose of about 0.01 to about 30 myg/kg body weight, morse preferably about 0.02 to about
7, about 0.03 to about 5, or about 0.05 to about 3 mg/kg body weight. Depending on the
severity of the condition, the frequency and the duration of the treatment can be adjusted. in
certain embodiments, the antibody or antigen-binding fragment thereof of the invention can be
administered as an initial dose of at least about 0.1 mg to about 860 mg, about 1 to about 500
mg, about 5 to about 300 mg, or about 10 to about 200 mg, to about 100 mg, or to about 50 mg.
In certain embodiments, the initial dose may be followed by administration of a second or a
piurality of subsequent doses of the antibody or antigen-binding fragment thereof in an amount

that can be approximately the same or less than that of the initial dose, wherein the subsequent
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doses are separaied by at least 1 day to 3 days; af least one week, at least 2 weeks; at ieast 3
weelks; at least 4 weeks; at least 5 weeks; at least 6 weeks; at least 7 weeks; at least 8 weeks;
at least 9 weeks; at least 10 weeks; at least 12 weeks; or at least 14 weeks.

[6158] Various delivery systems are known and can be used to administer the pharmaceutical
composition of the invention, e.g., encapsulation in liposomes, microparticles, microcapsules,
recombinant cells capable of expressing the mutant viruses, receptor mediated endocytosis
(see, e.g., Wu et al. (1987) J. Biol. Chem. 262:4428-4432}. Methods of introduction inciude, but
are not limited to, intradermal, transdermal, intframuscular, infraperifoneal, infravenous,
subcutaneous, intranasal, epidural and oral routes. The composition may be administered by
any convenient route, for example by infusion or bolus injection, by absorption through epithelial
or mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, efc.} and may he
administered togsther with other biologically active agents. Administration can be systemic or
tocal.

[0160} The pharmaceutical composition can be also delivered in a vesicle, in particular a
liposome (see, for example, Langer {1990) Science 248:1527-1533).

[0161] In certain situations, the pharmaceutical composition can be delivered in a confrolied
release system. In one embodiment, a pump may be used. In another embodiment, polymeric
materials can be used. In yet another embodiment, a controlled release system can be placed
tn proximity of the composition’s target, thus requiring only a fraction of the systemic dose.
[0162] The injectable preparations may include dosage forms for intravenous, subcutaneous,
infracuianeous and inframuscular injections, drip infusions, etc. These injectable preparations
may be prepared by methods publicly known. For example, the injectable preparations may be
prepared, e.g., by dissolving, suspending or emulsifying the antibody or its salt described above
in a sterile aqueous medium or an oty medium conventionally used for injections. As the
agueous medium for injections, there are, for example, physiological saline, an isotonic solution
containing glucose and other auxiliary agents, etc., which may be used in combination with an
appropriate solubilizing agent such as an alcohot (e.g., ethanol), a polyalcohol {e.g., propylene
glycol, polyethyiene glycol), a nonionic surfactant [e.g., polysorbate 80, HCG-50
{polyoxyethylene (50 mol) adduct of hydrogenated castor oil)], etc. As the oily medium, there
are employed, e.g., sesame oil, soybean oll, etc., which may be used in combination with a
solubilizing agent such as benzyl benzoate, benzyl aicohol, etc. The injection thus prepared is
preferably filied in an appropriate ampoule.

{0163] A pharmaceutical composition of the present invention can be delivered subcutaneously
or intravenously with a standard needie and syringe. In addition, with respect to subcutansous
delivery, a pen delivery device readily has applications in delivering a pharmaceutical
composition of the present invention. Such a pen deilivery device can be reusable or
disposable. A reusable pen delivery device generally utilizes a replaceable cartridge that

contains a pharmaceuticat composition. Once all of the pharmaceutical composition within the
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cartridge has been administered and the cartridge is empty, the empty cartridge can readily be
discarded and replaced with a new cartridge that contains the pharmaceutical composition.
The pen delivery device can then be reused. In a disposable pen delivery device, there is no
replaceabie cartridge. Rather, the disposabie pen delivery device comes prefilled with the
pharmaceutical composition held in a reservoir within the device. Once the reservoir is emptied
of the pharmaceutical composition, the entire device is discarded.

[0164] Numerous reusable pen and autoinjector delivery devices have applications in the
subcutaneous delivery of a pharmaceutical composition of the present invention. Examples
include, but certainly are not limited to AUTOPEN™ (Owen Mumford, Inc., Woodstock, UK),
DISETRONIC™ pen (Disetronic Medical Systems, Burghdorf, Switzerland), HUMALOG MIX
75/25™ pen, HUMALOG™ pen, HUMALIN 70/30™ pen (Eli Lilly and Co., Indianapolis, IN),
NOVOPEN™ [ || and H1 {(Novo Nordisk, Copenhagen, Denmark), NOVOPEN JUNIOR™ (Novo
Nordisk, Copenhagen, Denmark), BD™ pen (Becton Dickinson, Franklin Lakes, NJ),
OPTIPEN™, OPTIPEN PRO™, OPTIPEN STARLET™, and OPTICLIK™ (sanofi-aventis,
Frankfurt, Germany), to name only a few. Examples of disposable pen delivery devices having
applications in subcutaneous delivery of a pharmaceutical composition of the present invention
include, but certainly are not limited to the SOLOSTAR™ pen (sanofi-aventis), the FLEXPEN™
{Novo Nordisk}, and the KWIKPEN™ (Eli Lifly), the SURECLICK ™ Autoinjector {(Amgen,
Thousands Oaks, CA), the PENLET ™ (Haselmeier, Stuttgart, Germany), the EPIPEN {Dey,
L.P.} and the HUMIRA ™ Pen (Abbott Labs, Abbott Park, iL), to name only a few.

[0165] Advantageously, the pharmaceuiical compaositions for oral or parenteral use described
above are prepared into dosage forms in a unit dose suited to fit a dose of the active
ingredients. Such dosage forms in a unit dose include, for example, tablets, pills, capsules,
injections (ampoules), suppositories, etc. The amount of the aforesaid antibody contained is
generally about 5 to about 500 mg per dosage form in a unit dose; especially in the form of
injection, it is preferred that the aforesaid antibody is contained in about 5 to about 100 mg and
i about 10 to about 250 mg for the other dosage forms.

Therapeutic Uses of the Antibodies

[0166] Due tc their interaction with the glucagon receptor, the present antibodies are useful for
fowering biood glucose leveis and also for the treatment of a wide range of conditions and
disorders in which blocking the interaction of glucagon with its receptor is beneficial. These
disorders and conditions may be selected from any giucagon related metabolic disorder, which
invelves glucagon receptor signaling that results in the pathophysiology of the disorder, or in the
homeostatic response to the disorder. Thus, the antibodies may find use for example to
prevent, treat, or alleviate, diseases or conditions or associated sympioms or seguelae, of the
endocring system, the central nervous system, the peripheral nervous system, the

cardiovascular sysiem, the pulmonary system, and the gastrointestinal system, while reducing
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and or eliminating one or more of the unwanted side effects associated with the current
treatments. Glucagen related metabolic disorders include, but are not limited to, type 1 and
type 2 diabetes, diabetic ketoacidosis, hyperglycemia, hyperglycemic hyperosmolar syndrome,
perioperative hyperglysemia, hyperglycemia in the intensive care unit patient, hyperinsulinemia,
postprandial hyperglycemia, impaired fasting glucose (IFG), metabolic syndrome, hyper-
‘hypokalemia, poor LDL/HDL ratio, eating disorders, weight gain, obesity as a consequence of
diabetes, pediatric diabetes, gestational diabetes, diabetic laie complications, micro-
/macroalbuminuria, nephropathy, retinopathy, neuropathy, diabetic foot ulcers, wound healing,
impaired glucose tolerance (IGT), insulin resistance syndromes, syndrome X, glucagonomas,
gastrointestinal disorders, obesity, diabetes as a consequence of obesity, eic. The present
invention further provides; a method of treating conditions resulting from excessive glucagon in
a mammal; a method of inhibiting the glucagon receptor in a mammal; a method of inhibiting a
ghucagon recepior mediated cellular response in a mammal, or a method of reducing the
glycemic level in a mammal comprising administering to a mammal in need of such treatment a
glucagon receptor-inhibiting amount of an anti-GCGR antibody or a bioclogically active fragment
thereof.

[0167] The present antibodies are effective in lowering blood glucose, both in the fasting and
the postprandiat stage. In certain embodiments of the invention, the present antibodies are
used for the preparation of a pharmaceutical composition for the freatment of type 2 diabetes.
In yet a further embodiment of the invention the present antibodies are used for the preparation
of a pharmaceutical composition for the delaying or prevention of the progression from impaired
glucose tolerance fo type 2 diabetes. In yet another embodiment of the invention the present
antibodies are used for the preparation of a pharmaceutical composition for the delaying or
prevention of the progression from non-insulin requiring diabetes to insulin requiring diabetes.
in a further embodiment of the invention the present antibodies are used for the preparation of a
pharmaceutical composition for the treatment of type 1 diabetes. Such treatment is normally

accompanied by insulin therapy.

Combination Therapies

[0168] Combination therapies may include an anii-hGCGR antibody of the invention and any
additionai therapeutic agent that may be advantageously combined with an antibody of the
invention, or with a biologically active fragment of an antibody of the invention.

[0169] For example, a second therapeutic agent may be emploved o aid in further lowering of
glucose levels, or 1o reduce at least one sympiom in a patient suffering from a disease or
condition characterized by high blood glucose levels, such as diabetes mellitus. Such a second
agent may be selected from, for example, a glucagon antagonist or another GCGR antagonist
{e.g. an anti-glucagon or anti-GCGR antibody or small molecuie inhibitor of glucagon or GCGR),
or may inciude other therapeutic moieties useful for treating diabetes, or other diseases or
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conditions associated with, or resuiting from elevated blood glucose levels, or impaired glucose
metabolism, or agents useful for treating any long term complications associated with elevated
and/or unconifrolled blood glucose levels. These agents include biguanides, which decrease
giucose production in the liver and increase sensitivity to insulin (e.g. metformin}, or
sulfonylureas, which stimulate insulin production (e.g. glyburide, glipizide). Additional
treatments directed at maintaining glucose homeostasis including PPAR gamma agonists,
which act as insulin sensitizers (e.g. pioglitazone, rosigltazone); and alpha gluccsidase
inhibitors, which slow starch absorption and glucose production (e.g. acarbose, voglibose).
Additional treatments include injectable treatments such as Exenatide® (glucagon-like peptide
1), and Symlin® (pramlintide).

[0170] In certain other embodiments, the compasition may include a second agent selected
from the group consisting of non-sulfonylurea secretagogues, insulin, insulin analogs, exendin-4
potypeptides, beta 3 adrenocepior agonists, PPAR agonists, dipeptidyl peptidase IV inhibitors,
statins and statin-containing combinations, cholesterol absorption inhibitors, LDL-cholestarol
antagonists, cholestery! ester fransfer protein antagonists, endothelin receptor antagonists,
growth hormone antagonists, insulin sensitizers, amylin mimetics or agonists, cannabinoid
receptor antagonists, glucagon-like peptide-1 agonists, melanocorting, melanin-concenirating
hormone receptor agonists, SNRIs, and protein tyrosine phosphatase inhibitors.

[0171] In certain other embodiments, combination therapy may include administration of a
second agent 10 counteract any potential side effect(s) resuliing from administration of an
antibody of the invention, if such side effect(s) occur. For example, in the event that any of the
anti-GCGR antibodies increases lipid or cholesterot ievels, it may be beneficial to administer a
second agent to lower lipid or cholesterol levels, using an agent such as a HMG-CoA reductase
inhibitor (for example, a siatin such as atorvastatin, (LIPITOR®), fiuvastatin (LESCOL®),
lovastatin (MEVACOR®), pitavastatin (LIVALO®), pravastatin (PRAVACHOL®), rosuvastatin
(CRESTOR®) and simvastatin (ZOCOR®). Alternatively, the antibodies of the invention may
be combined with an agent such as VY TORIN®, which is a preparation of a statin and another
agent—such as ezetimibe/simvastatin.

[0172] In certain embodiments, it may be beneficial to administer the antibodies of the invention
in combination with any one or more of the following: (1) niacin, which increases lipoprotein
catabolism; (2) fibrates or amphipathic carboxylic acids, which reduce low-density lipoprotein
{LDL) level, improve high-densily lipoprotein {HBL) and TG levels, and reduce the number of
non-fatal heart attacks; and {3) activators of the LXR transcription factor that plays a role in
cholesterol elimination such as 22-hydroxycholesterol, or a statin with a bile resin {e.g.,
cholestyramine, colestipol, colesevelam), a fixed combination of niacin plus a statin (e.g., niacin
with lovastatin}; or with other lipid lowering agents such as omega-3-fatty acid ethyl esters (for
example, omagcor}.

{0173] Furthermore, the second therapeutic agent can be one or more other inhibitors of
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glucagon or GCGR, as well as inhibitors of other moiecuies, such as angiopoietin-like protein 3
(ANGPTL3), angiopoietin-like protein 4 (ANGPTL4), angiopoietin-like protein 5 {ANGPTL5),
angiopoietin-like protein 6 (ANGPTLS), which are involved in lipid metabolism, in particuiar,
cholesterol and/or friglyceride homeostasis. Inhibitors of these molecules include small
moleciles and antibodies that specifically bind to these molecules and block their activity.
[G174] In certain embodiments, it may be beneficial to administer the antibodies of the invention
in combination with an antibody that acts to lower lipid or cholesterol levels, such as, but not
limited to, for example, any anti-PCSK9 (proprofein convertase subtilisin/kexin type 3) antibody,
such as those described in US2010/0166768. Other anti-PCSKS antibodies are described in
US2010/0040611, US2010/0041102, US2010/0040610, US2010/0113575, US2008/0232705,
US2009/0246192, US2010/0233177, US2009/0142352, US2009/0326202, US2010/0068199,
US2011/0033465, US2011/0027287, US2010/0150837, US2010/0136028 and
WO2009/055783.

[0175] In certain embodiments, it may be beneficial to administer the anti-GCGR antibodies of
the invention in combination with a nucleic acid that inhibits the activity of PCSKS {proprotein
convertase subtilisin/kexin type 9}, such as an antisense molecule, a double stranded RNA, or
a siRNA molecule. Exemplary nucleic acid molecules that inhibit the activity of PCSKS are
described in US2011/0065644, US2011/0039914, US2008/0015162 and US2007/0173473.
[0176] The additional therapeutically active component{s) may be administered prior g,
concurrent with, or after the administration of the anti-GCGR antibody of the present invention.
For purposes of the present disclosure, such administration regimens are considered the
administration of an anti-GCGR antibody “in combination with” a second therapeutically active

component.

Diagnostic Uses of the Antibodies

[01771 The anti-GCGR antibodies of the present invention may also be used to detect and/or
measure GCGR in a sample, e.g., for diagnostic purposes. For example, an anti-GCGR
antibody, or fragment thereof, may be used to diagnose a condition or disease characterized by
aberrant expression {&.g.. over-expression, under-expression, lack of expression, efc.) of
GCGR. Exemplary diagnostic assays for GCGR may comprise, e.g., contacting a sample,
obtained from a patient, with an anti-GCGR antibody of the invention, wherein the anti-GCGR
antibody is labeled with a detectable label or reporter molecule or used as a capture ligand to
selectively isolate GCGR protein from patient samples. Alternatively, an unlabeled anti-GCGR
antibody can be used in diagnostic applications in combination with a secondary antibody which
is itself detectably labeled. The detectable label or reporter molecule can be a radioisotope,
such as *H, C, P, ¥8, or "% a fluorescent or chemiluminescent moiety such as fluorescein
isothiocyanate, or rhodamine; or an enzyme such as alkaline phosphatase, B-galactosidase,
horseradish peroxidase, or luciferase. Specific exemplary assays that can be used to detect or
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measure GCGR in a sample include enzyme-iinked immunosorbent assay (ELISA),
radioimmunocassay (RiA), and fluorescence-activated cell sorting (FACS).
[0178] Samples that can be used in GCGR diagnostic assays according to the present
invention include any tissue or fluid sample obtainable from a patient, which contains detectable
quantities of GCGR protein, or fragments thereof, under normal or pathological conditions,
Generally, levels of GCGR in a particuiar sample obtained from a healthy patient (e.g., & patient
not afflicted with a disease or condition associated with abnormal GCGR levels or activity) will
be measured to initially establish a baseline, or standard, level of GCGR. This baseline level of
GCGR can then be compared against the levels of GCGR measured in samples obtained from
individuals suspected of having a GCGR related disease or condition, or symptoms associated
with such disease or condition.

EXAMPLES
[0179] The foliowing examples are put forth 80 as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the methods and
compositions of the invention, and are not intended fo limit the scope of what the inventors
regard as their invention. Efforts have been made to ensure accuracy with respect fo numbers
used {e.g., amounts, temperature, etc.) but some experimental errors and deviations should be
accounied for. Unless indicated otherwise, parts are paris by weight, molecular weight is
average molecular weight, temperature is in degrees Centigrade, and pressure is at of near

atmospheric.

Examgle 1. Generation of Human Antibodies to Human GCGR

[0180] An immunogen comprising any one of the following can be used to generate antibodies
to hGCGR. For example, cells expressing hGCGR were used in certain embodiments as an
immunogen 10 generate antibodies to hGCGR. Additionally, DNA encoding hGCGR was used
in certain embodiments as an immunogen to prepare the antibodies of the invention.
Furthermore, in certain embodiments, péptides comprising amino acid sequences from the N-
terminal domain of hGCGR were utilized as an immunogen to generate antibodies to human
GCGR. In addition, in certain embodiments, peptides comprising amino acid sequences from
any of the extracellular loop regions EC1, £ECZ2, or EC3, of hGCGR may be utllized as an
immunogen to generate antibodies to human GCGR. The cells, DNA, or peptides that were
used as immunogens, as noted above, were administered directly, with an adjuvant to stimulate
the immune response, {0 a VELOCIMMUNE® mouse comprising DNA encoding human
immunoglobulin heavy and kappa light chain variable regions. The antibody immune response
was monitored by a GCGR-specific immunoassay. When a desired immune response was
achieved splenocytes were harvested and fused with mouse myeloma cells to preserve their
viabllity and form hybridoma cell iines. The hyhridoma celi fines were screened and selected to

identify cell lines that produce GCGR-specific antibodies. Using this technique, and the various
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immunogens described above, several anti-GCGR chimeric antibodies (.., antibodies
possessing human variable domains and mouse constant domains) were obtained; certain
exemplary antibodies generaied in this manner were designated as H4H1345N, H4H1617N
and H4H1765N.

[0181] Anti-GCGR antibodies were also isolated directly from antigen-positive B cells without
fusion to myeloma cells, as described in U.S. 2007/0280945A1. Using this method, several
fully human anti-GCGR antibodies (i.e., antibodies possessing human variable domains and
human constant domains) were obtained; exemplary antibodies generated in this manner were
designated as follows: H4H1321B, H4H1321P, H4H1327R, H4H1327P, H4H1328B,
HAH1328P, H4H1331B, H4H1331P, H4H1339B and H4MH1339P.

[0182] The biological properties of the exemplary anti-GCGR antibodies generated in
accordance with the methods of this Example are described in detail in the Examples set forth
below.

Exampile 2. Heavy and Light Chain Variable Region Amino Acid Sequences

[0183] Table 1 sets forth the heavy and light chain variable region amino acid sequence pairs
of selected anti-GCGR antibodies and their corresponding antibody identifiers. Antibodies
having the same numerical antibody designation, but differing by a letter suffix of N, B or P refer
to antibodies having heavy and light chains with identical CDR sequences but with seguence
variations in regions that fall outside of the CDR sequences (i.e., in the framework regions).
Thus, N, B and P variants of a particular antibody have identical COR sequences within their

heavy and light chain variable regions but differ from one another within their framework

regions.
Table 1
SEQ D NOs:

Antibody

Designation | HCVR | HCDR1 | HCDR2 | HCDR3 | LCVR | LCDR1 | LCDRZ | LCDR3
HAH1345N 2 4 6 8 10 12 14 16
HAH1617N 18 20 22 24 26 28 30 32
H4H1785N 34 36 38 40 42 44 46 48
H4H1321B 50 52 54 56 58 60 62 64
H4H1321P 66 52 54 56 68 60 62 64
H4H1327B 70 72 74 76 78 80 82 84
H4H1327P 86 72 74 76 88 80 82 84
H4H1328B g0 92 94 96 98 100 102 104
H4H1328P 106 92 94 96 108 100 102 104
H4H1331B 110 112 114 116 118 120 122 124
H4H1331P 126 112 114 116 128 120 122 124
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H4H1339B8 130 132 134 136 138 140 142 144

H4H1339P 146 132 134 136 148 140 142 144

Example 3. Variable Gene Utilization Analysis

[0184] To analyze the structure of antibodies produced, the nucleic acids encoding antibody
variable regions were cloned and sequenced. From the nucleic acid sequence and predicted
amino acid sequence of the antibodies, gene usage was identified for each Heavy Chain
Variable Region (HCVR) and Light Chain Variable Region (LCVR). Table 2 sets forth the gene

usage for selected antibodies in accordance with the invention.

Table 2

Antibody | Antibody ldentifier HCVR LCVR

HCVRILCVR

SEQ ID NOs Yy Dy | Jn Vi Jdi
HA4H1617N 18/26 V1-24 | D3-G | J6 | V2-28 | U1
HAH1345N 2110 Vi-24 | D3-9 | J6 i v2-28 1 U1
H4H1765N 34/42 V3-48 | D6-6 | 46 | V2-28 | J1
H4H1321P 66/68 V3-30 | D3-81J6 i VI-16 | J4
H4H1327P 86/88 V3-7 | D3-6|J6 i V1-17 | J3
H4H1328P 106/108 V313 1 D3-8 | J6 1 V1-17 | J4
H4H1331P 126/128 V3-33 | D3-8 | J6 | V1-17 | J1/U4
H4H1339P 146/148 V3-13 | D3-9 |J6 | VI-6 | J1

Example 4. Antibody Binding to Boluble GCGR as Determined by Surface Pissmon

Resonance

[0185] Binding affinities and kinetic constants of human monoclonal anti-hGCGR antibodies
binding fo human and monkey soluble recombinant hGCGR ectodomain (hGCGR and
MFGCGR, respectively) were determined by surface plasmon resonance at both 25°C and
37°C. Measurements were conducted on a T100 Biacore instrument. Anfibodies were
captured onto the Biacore sensor chip surface via a covalently-linked anti-human kappa
antibody capture surface, and the soluble GCGR proteins were applied to the surface either in a
monovalent (hGCGR expressed with a myc-myc-hexa-histidine C-terminal tag) or bivalent
(hGCGR and MfGCGR expressed with an N-terminal Fc fusion) format. The amino acid

sequence identifiers of the reagents used in this example are shown in Tabie 3.
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Table 3

Description

Construct

SEQ 1D NO:

anti-GCGR positive

150kDa, dimer

(See Yan, Hai ef al.

control higG4(S108F) WO2008/036341)
miGCGR-N-terminai 152
hFC 160K
hGCGR-mF¢ B0654.42 Da, dimer 149
hGCGR-mmh 18,965Da, monomer 151

[0186] The soluble GCGR was applied to the flow cell in separate injections at multiple

concentrations ranging from 3.1 nM to 50 nM, and kinetic association {k,) and dissociation (kq)

rate constants were determined by fitting the dafa to a 1:1 binding model using Scrubber v2.0a

curve fitting software. Binding dissociation equilibrium constants and dissociative half-lives

were calculated from the kinetic rate constants as: Kp = Ky / kg ti2 = (In2/ky).

Table 4a: Biacore data for binding at 25°C

D:;;gagzin Antigen tested ka kd Kn T1/2 {min)
hGCGR-mmh | 1.06E+06 | 3.74E-03 | 3.54E-08 3
H4H1321P hGCGR-hFc | 1.20E+06 | 2.85E-04 | 2.38E-10 41
miGCGR-hF¢ | 1.76E+06 | 4.18E-05 | 2.38E-11 276
hGCGR-mmh | 9.52E+05 | 3.52E-04 | 3.689E-10 33
H4H1327P hGCGR-hFc | 1.21E+06 | 4.10E-05 | 3.38E-11 282
miGCGR-hFc | 1.60E+06 | 1.44E-05 | 8.02E-12 802
hGCGR-mmh | 1.03E£+06 | 2.12E-03 | 2.06E-09 5
H4&H1328P hGCGR-hFc | 1.13E+06 | 2.26E-04 | 2.01E-10 51
mMfGCGR-hFc | 1.60E+06 | 8.46E-05 | 5.29E-11 137
hGCGR-mmh | 6.57E+05 | 1.11E-04 | 1.70E-10 104
H4H1331P hGCGR-hFc 7B0E+05 | 1.54E-05 | 2.02E-11 751
mfGCGR-hFc | 1.17E+06 | 8.12E-06 | 6.90F-12 1423
hGCGR-mmh | 6.45E+05 | 5,.32E-04 | 8.25E-10 22
H4H1330P hGCGR-hFc | 1.00E+06 | 6.20E-05 | 6.18E-11 186
mfGCGR-hFc | 1.26E+06 | 2,2BE-05 | 1.82E-11 506
hGCGR-mmh | 7.98E+05 | 3.44E-04 | 4.31E-10 34
HAH1345N hGCGR-hEc | 7.90E+05 | 5,72E-05 | 7.24E-11 202
mfGCGR-hFc | 9.83E+05 | 2 42E-05 | 2.54E-11 477
hGCGR-mmh | 1.07E+06 | 1.98E-04 | 1.87E-10 58
H4H1617N hGCGR-hFeC 8.18E+05 | 3.18E-05 | 3.89E-11 363
mMfGCGR-hFc | 1.26E+06 | 1.38E-05 | 1.10E-11 835
hGCGR-mmh | 3.26E+05 | 3.05E-05 | 9.30E-11 379
H4H1765N hGCGR-hF¢c | 4.10E+05 | 4.95E-06 | 1.22E-11 2331
mfGCGR-hF¢ | 6. 43E+05 | 1.00E-06 | 1.56E-12 11550
Isotype-matched | hGCGR-mmh | 6.67E+05 | 1.68E-04 | 2.52E-10 69
comparator hGCGR-hFc | B.21E+05 | 2.04E-05 | 2. 49E-11 565
antibody mfGCGR-hFc | 1.23E+06 | 6.09E-06 | 4.95E-12 1897
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Table 4b: Biacore data for binding at 37°C

Antibody

Desi . Antigen tested ka kd Kp T1/2 {min)
esignation

hGCGR-mmh | 1.58E+06 | 2.02E-02 | 1.28E-08 1
H4H1321P hGOGR-hFe | 1.41E+06 | 1.09E-04 | 7.70E-11 106
mfGCGR-hF¢ | 2.19E+06 | 7.59E-05 | 3.47E-11 152
hGCGR-mmh | 1.48E+08 | 2.00E-03 | 1.35E-09 6
H4H1327P hGCGR-hFc | 1.48E+06 | 2.32E-04 | 1.57E-10 50
mMIGCGR-hFc | 2.22E+06 | 7.94E-05 | 3.57E-11 145
hGCGR-mmh | 1.61E+06 | 1.08E-02 | 8.67E-09 1
H4H1328P hGCGR-hFc | 1.55E+06 | 1.92E-04 | 1.24E-10 60
miGCGR-hFc | 2.03E+06 | 7.17E-05 | 3.53E-11 161
hGCGR-mmh | 9.73E+05 | 5.19E-04 | 5.33E-10 22
HAH1331P hGCGR-hFc | 1.17E+06 | 9.12E-05 | 7.79E-11 127
MIGCGR-hFc | 1.60E+06 | 4.12E-05 | 2.57E-11 281
hGCGR-mmh | 8.76E+05 | 4.30E-03 | 4.91E-09 3
H4H1339P hGCGR-hFc | 1.17E+06 | 3.71E-04 | 3.18E-10 31
MIGCGR-hFc | 1.69E+06 | 1.07E-04 | 6.31E-11 108
hGCGR-mmh | 9.28E+05 | 1.97E-03 | 2.12E-09 6
H4H 1345N hGCGR-hFc | 9.52E+05 | 3.09E-04 | 3.24E-10 37
mfGCGR-hFc | 1.27E+06 | 1.28E-04 | 1.01E-10 91
hGCGR-mmh | 1.20E+06 | 1.13E-03 | 9.43E-10 10
H4H1617N hGCGR-hFc | 1.18E+06 | 2.14E-04 | 1.81E-10 54
mfGCGR-hFc | 1.49E+06 | 8.72E-05 | 5.86E-11 133
hGCGR-mmh | 4.41E+05 | 1.11E-04 | 2.52E-10 104
H4H1765N hGCGR-hFc | 6.84E+05 | 3.57E-05 | 5.37E-11 324
MIGCGR-hFc | 9.04E+05 | 1.48E-05 | 1.64E-11 778
Isotype-matched | hGCGR-mmh | 8.73E+05 | 1.46E-03 | 1.68E-05 8
Cgfgggitor hGCGR-hFc | 1.15E+06 | 1.82E-04 | 1.59E-10 63
g miGCGR-hFc | 1.66E+06 | 6.27E-05 | 3.77E-11 184

Activation
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[0187] As shown in Tables 4a and 4b, the exemplary antibodies exhibited high affinity binding
to both human and monkey GCGR soluble proteins. A significant increase in binding affinity (5-
foid tc 15-fold) was observed when flowing the bivalent hGCGR in comparison to monovalent
hGCGR. The antibodies consistently bound with higher affinity {3-fold to 10-fold) to the monkey
variant, MfGCGR, compared o hGCGR.

Example 5. Bicassay to measure the Effects of Anti-GCGR Antibodies on GCGR
[0188] GCGR is a G-protein coupled receptor and its ligand, glucagon (GCG), stimulates

adenylyt cyclase aclivity through Gas and phosphoinosito! turnover through Gg (Jiang and
Zhang, (2003}, Am J Physiol Endocrinoi Metab 284: EG71-E678). A bicassay was developed to




detect activation through Gas, subsequent elevation of cAMP leveis and transeriptional
activation. HEK293 cell lines were generated to stably express full-lengths of human GCGR
(GenBank accession number NP_000151.1; SEQ 1D NO: 153), monkey (Macaca fascicufaris)
GCGR {SEQ |D NO: 155), and mouse GCGR (NP_032127.2; SEQ D NO: 154.) along with a
luciferase reporter assay. The stable cell ines were isolated and maintained in 10% FBS,
DMEM, NEAA, Pen/Strep, and 500mg/ml G418. For rat GCGR, the HEK293 call line
expressing the reporter gene [CRE (4X)-luciferase-IRES-GFP] was transiently transfected with
fuiklength rat GCGR {NP_742089.1; SEQ D NO: 156) using Lipofectamine2000 (Invitrogen).
[0189] For the bioassay, 293/GCGR cells were seeded onto 96-well assay plates at 20,000
cells/well in low serum media, 0.1%FBS and OPTIMEM, and incubated at 37°C and 5% CQO;
overnight. Next day, GCG was serially diluted at 1:3 and added to cells starting from 109nM to
0.002nM including no GCG control for dose response. For inhibition, antibodies were serially
diluted at 1:3 and added to cells starting from 200 to 0.003 (for hGCGR cells) or 100nM to
0.002nM {for monkey, mouse and rat GCGR celis) including no antibody control with constant
concentration of 100pM GCG. Luciferase activity was detected aftar 5.5 hrs of incubation in
37°C and 5% CO..

[0190] ECBHO values for stimulation of each reparier cell-line by 100 pM GCG are shown in
Table 5a. The results of the IC50 values for antibodies blocking stimulation of cells by 100 pM
GCG are shown in Table 5b, including the results for two control antibodies, Control mAb1
{positive control expressed as higG4 isotype; for example, see WO2008/036341 for the
antibody designated as “A-9” having the HCVR of SEQ ID NO: 275, HCDR1 of SEQ ID NO:
102, HCDRZ of SEQ 1D NO: 128, and HCDR3 of SEQ ID NO: 169 and the LCVR of SEQ ID
NO: 229, LCDR1 of SEQ ID NO: 14, LCDR2 of SEQ ID NO: 50 and the LCDR3 of SEQ D NO:
74} and Control mAb2 (an isotype-matched negative conirol).

[0191] Regarding the inhibition of human GCGR by anti-GCGR antibodies, the activation of
GCGR by GCG was shown to stimulate luciferase activity with an EC50 of 113 pM and all
antibodies except Control mADb2 (isotype matched negative control) blocked the activation of
GCG at 100 pM and decreased the luciferase activity.

[0192] With respect to the inhibition of monkey GCGR by anti-GCGR antibodies, the activation
of GCGR by GCG was shown to stimulate luciferase activity with an EC50 of 36 pM and all
antibodies except Conirol mADb2 (isotype matched negative control) blocked the activation of
GCG at 100 pM and decreased the luciferase activity. H4H1765N showed a partial inhibition of
GCG at highest concentration of antibody tested, 100 nM,

[0193] Regarding the inhibition of mouse GCGR by anti-GCGR antibodies, the activation of
GCGR by GCG was shown to stimulate luciferase activity with an EC50 of 83 pM and all
antibodies except H4H1345N, H4H1617N, H4H1765N and Control mAb2 (isotype matched
negative control) blocked the activation of GCG at 100 pM and decreased the luciferase

activity.
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{01847 With respect to the inhibition of rat GCGR by anti-GCGR antibodies, the activation of
GCGR by GCG was shown to stimulate luciferase activity with an EC50 of 252 piM and ali
antibodies except H4H1765N and Control mAb2 {isotype matched negative controf} blocked the
activation of GCG at 100 pM and decreased the luciferase activity.

Table 5a
Cell iines hGCGR | mfGCGR | mGCGR | rat GCGR
EC50 {pM) 113 36 83 252
Constant GCG (pM) 100
Table 5k
Antibody IC50 (nM)
Besignation
hGCGR | mfGCGR | mGCGR | rat GCGR
H4H1321P 0.27 4.03 1.13 1.21
HAH1327P 0.39 2.56 1.04 0.88
H4H1328F (.24 2.73 1.28 0.93
H4H1331P 066 8.29 1.62 3.87
H4H1339P 0.46 2.85 1.60 0.97
Noi
H4H1345N 2.22 3.86 Blocked 8.07
Not
H4H1617N 1.25 4.24 Blocked 3.66
Not Not
H4H1765N 12.78 75.16 Blocked Blocked
Control
mAb1 0.30 238 1.69 0.69
Positive
control
Control
mAh2 Not Not Not Not
Negative Blocked Blocked Blocked Blocked
control

[0195] in summary, eight anti-hGCGR fully-human antibodies were tested and demonstrated
biocking of activation of human GCGR by 100 pM GCG in a reporter cell line that exhibited an
EC5H0 of 113 pM when stimuiated by GCG alone. In the monkey GCGR reporter cell ling, seven
out of eight tested antibodies fully inhibited activation by 100 pM GCG. H4H1765N did not fully
inhibit monkey GCGR at the highest concentration of antibody tested, 100 nM. Five out of eight
of the antibodies fully inhibited the activation by 100 pM GCG in the mouse GCGR reporter cell
line, and seven out of eight antibodies inhibited the activation by 100 pM GCG in the rat GCGR-
transfected reporter cells.
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Exampie 6. Effect of Anti-GCGR Antibodies in ob/ob Mice

[01986] Selected anti-hGCGR antibodies, all of which cross-react with mouse GCGR, were
tested for their ability to reduce blood glucose levels in ob/ob mice, a mouse model of type 2
diabetes. ob/ob mice were put into ten groups of five or six animals. Each group received
subcutaneous injections of each antibody at 1 or 10 mg/kg. The control group was injected with
a higG isotype control antibody, which does not bind to any known mouse proteins. Two or
seven days after antibody dosing at 1 or 10 mag/kg, respectively, a few drops of blood obtained
by tail bleeds were collected from mice. Specifically, for the group given the antibody
designated H4H1327P at 10mg/kg, tail bleeds were collected more frequently at 2, 4, 7, 9, 11,
14, 16, 18, and 21 days after dosing. Biood glucose levels from the tail bleed samples were
determined by ACCU-CHEK® Compact Plus (Roche). The percent reduction in blood glucose
from the mean blood glucose levels of the control group was calculated for each animal at each
time point. The average percent reduction in blood glucose was calculated for each antibody
group. Table 6 summarizes the mean blood glucose levels of the control group. Results,

exprassed as {mean + SEM) of percent blood ghucose reduction, are shown in Tables 7a and
7b.

Table 6
Time Blood glucose {mg/dL)
Day 0 197 £ 14
Day 2 185 + 13
Day 4 1676
Day 7 20220
Day 9 205+ 18
Day 11 19523
Day 14 22913
Day 16 200£6
Day 18 187 £ 11
Day 21 200 £ 16
Table 7a
Time Biood giucose reduction (%)
Dosage {days)
Antibody Designation
HAH1327P H4aM1328P H4H1331P H4H1338P
1 mg/kg 2 49 & 1 45+ 2 46 + 2 46 % 2
10 ma/kg 7 532 50 £ 2 552 52 2
Table 7b
Blood glucose reduction (%)
Antibody
Designation Time (days)
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2 4 7 9 11 14 16 18 21

HAH1327P | b8£2 | Hb2+£2 | 5342 | B6x2 | 47+3 | H4+3 | 45x4 | 34zhH | -Dxi7

[0197] Mice treated with the anti-hGCGR antibodies tested (shown in Tables 7a and 7b)
exhibited significant reductions in blood glucose levels compared to mice injected with control
antibody.

Example 7. Effect of Anti-GCGR Antibodies in Transgenic Mice Expressing the Human
GCGR Protein

[0198] The effects of anti-hGCGR antibodies on blood glucose and plasma lipid levels were
determined in fransgenic mice expressing the human GCGR protein (“humanized GCGR
mice”). Humanized GCGR mice were generated by replacing the mouse GCGR gene with the
human GCGR gene (SEQ 1D NO: 157; encoding full-length protein, GenBank accession
number NP_000151.1; SEQ 1D NO; 153) in CO7BLE/M28 (F1H4} embryonic stem cells. After

germ line transmission was established, heterozygous mice (GCGR™™*

} were bred together to
generate homozygous mice {GCGR™™ "™ on 3 C57BL6 background. Homozygous humanized
GCGR mice were put into ten groups of three or four animals, Each group received
subcutaneous injections of each antibody at 3 mg/kg. The Control | group was injected with a
hlgG isotype control antibody, which does not bind to any known mouse proteins. The Control |l
group was injected with an anti-hGCGR higG4 antibody, which has been validated to decrease
blood glucose levels of humanized GCGR mice. Mice were bied three days after antibody
dosing, and blood glucose levels were determined by ACCU-CHEK® Compact Plus (Roche).
The percent reduction in blood glucese from the mean blood glucose levels of the Control |
group was calculated for each animal. The average percent reduction in blood glucose was
caicuiated for each antibody group. Table 8a summarizes the mean biood giucose leveis of the
control group. Results, expressed as {(mean £ SEM) of percent blood glucose reduction, are
shown in Table 8b.

[0188] Additionally with the Control |, Control Il and H4H1765N groups, mice were bled before
and 3 and 8 days after antibody dosing, and plasma fipid levels were determined by ADVIA®
1650 Chemistry System (Siemens). Averages were calculated for each of the measurements of
iow density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesierol (HDL-C}, fotal
cholesterol (TOTAL-C), triglycerides {TG). nonesterified falty acids (NEFA) levels for each of
the three groups. Resulis, expressed as {mean £ SEM) of plasma lipid concentrations, are
shown in Table 8¢.

[0200] Mice treated with most of the anti-hGCGR antibodies tested {(shown in Tahle 8b)
exhibited significant reductions in blood glucose levels compared to mice receiving control
antibody. Mice treated with certain of the anti-hGCGR antibodies tested (shown in Table 8c)

exhibited significant reductions in triglyceride levels compared to mice receiving control
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antibody. in particular, the lowering of trigiyceride levels was observed with two anti-GCGR
antibodies, one designated as H4H1765N (data shown below in Table 8c¢) and the other
designated as H4H1327P (data not shown).

Table 8a
Time Blood glucose (mg/dL)
Day 0 15566
Day 1 160 + 5
Day 3 1555
Day 8 164 £7
Day 8 156 + 7
Day 10 154 + 9
Day 13 149 £ 5
Table 8b
Antibody Designation Blood glucose reduction (%)
Control 1l 37+3
H4H1321P 32%4
H4H1327P 407
H4H1328P 31%7
H4H1331P 33£4
H4H1339P 316
HAH1817N 15%5
H4H1345N 14+2
H4H1765N 32+4
Table 8¢
Antibody Time LRL-C HDL-C | TOTALC TG NEFA

Designation | {days) | (mg/dL) | (mg/dL) {mg/dL) {mg/dL) {(mmol/L)

Pre 9.4+14 47 + 4 97 £ 10 98 £ 6 0.67 £0.06

Control i 3 7.7+1.1 45+ 3 954 808 0.96 £ 0.03
8 0B+22 48 + 2 90+ 4 120 £19 | 0.88 £0.05
Pre 8.7+04 37+ 1 T6 £ 2 69 £ 12 0.60 +0.08
3 112 + B1+2 101+8 B8 +5 0.80 £ 0.11

Control 11 1.6
8 14.4 % 573 11427 74 £ 15 0.73 £0.04

2.1

Pre 8.7+0.2 3946 79+8 94 £19 0.81£0.12

H4H1765N 3 B.0x1.1 46 %6 91£9 68 7 0.72+0.06

8 9.2+ 16 46 + ¢ 92+8 75 %7 0.70 £ 0.05

Example 8: Effect of Combination Therapy with an Anfi-GCGR Antibody and an Antibody
Specific for PCSKS (proprotein convertase subtilisin/kexin type 9) on Blood Glucose,
Plasma Lipid and Hepatic Triglyceride Levels in Mice

Reagents

[0201] The following antibodies were used to study the effect of combination therapy with an
anti-GCGR antibody and an antibody specific for PCSK9 on blood glucose tevels, plasma lipid
levels and hepatic triglvceride levels in C57BL/G mice: An anti-hiL4R antibody designated
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REGN496, which is an higG4 isotype control; an anti-GCGR (higG4) antibody designated
HAH1327P; and an anti-PCSK9 (higG1) antibody designatad H1H316P. The amino acid
sequence identifiers for the HCVR, LCVR, HCDRs, and LCDRs are shown below in Table 8.

Table 8
SEQ ID NUMBERS
REGN AB | HCVR | HCDR1 | HCDR2 | HCDR3 | LCVR | LCDR1 | LCDR2 | LCDR3
Designation
REGN496 194 195 196 197 198 199 200 201
HMAH1327R 86 72 74 76 88 80 82 84
H1H316P 173 161 163 165 175 167 169 171

Experimental Procedure

{0202] The combined effecis of H4H1327P, an anti-hGCGR antibody, and H1H316P, an anti-
hPCSK® antibody, on blood ghucose, plasma lipid, and hepatic trigivceride (TG) levels were
determined in C57BL/6 mice.

[0203] H4H1327P cross-reacts with mouse GCGR, and H1H316P cross-reacts with mouse
PCSK8. C57BL/6 mice were put into six groups of six animals. Each group received once a
week subcutaneous injections of an antibody or a combination of two antibodies. The first group
was injected at 10 mg/kg with a higG4 isotype control antibody, which does not bind to any
known mouse protein. The second and third group received H4H1327P at 3 mg/kg and 10
mg/kg. respectively. The fourth group was injected with 10 mg/kg H1H316P. The fifth group
received a combination of 3 mg/kg H4H1327P and 10 mg/kg H1H316P, and the sixth group
was injected with a combination of 10 mg/kg H4H1327P and 10 mg/kg H1H316P. Eleven and
19 days after the initial antibody dosing, mice were bled for blood glucose and plasma lipid
measurements. At Day 19, liver was harvested for the determination of hepatic TG content.
Blood glucose levels were measured with the use of ACCU-CHEK® Compact Plus (Roche).
The percent reduction in blood glucose from the mean blood glucose level of the isotype control
group was calculated for each animal. The percent reduction and associated error in blood
glucose for each treatment group was then calculated by averaging across values for the
individual animals in each group. Results, expressed as (mean + SEM) of percent blood
glucose reduction, are shown in Table 10a and in Figure 1.

[0204] Plasma lipid leveis were determined by ADVIA® 1650 Chemistry System (Siemens).
Mepatic TG contents were measured using a colorimetric assay (Teco Diagnostics) after
extraction of TG from fissue with chloroform/methanocl, Means were calculated for each of the
measurements of plasma low density lipoprotein cholesterot (LDL-C), high density lipoprotein
cholesterol {HDL-C), total cholesterol (TOTAL-C), TG and hepatic TG levels for each group.
Resuits, expressed as (mean + SEM) of plasma and hepatic lipid concentrations, are shown in
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Table 10b and in Figure 2 (plasma LDL-C levels); Figure 3 (Plasma HDL-C levels); Figure 4
{Plasma Total-C levels); Figure 5 (Plasma TG levels); and Figure 6 (hepatic TG content).

Results summary and conclusions:

Table 10a
Blood glucose reduction (%)
Time HAH1327P | H4H1327P
(days) H4H1327P | H4H1327P HiH316P 3mg/kg + 10mglkg +
3mglkg 10mglkg 10mglkg HiH316P H1H316P
10mglky 10malkg
11 33+7 40+ 5 3+3 28+ 7 39+2
19 25%+4 28+ 4 -4 +6 21 %7 27+2
Tabile 10b
Plasma Liver
i i . TG
Antibody Time (days) LDLC HDL-C TO'EAL 16 (malg
Pre-~dasing 5.2+0.7 37%2 6512 101£11 NA
Control 11 4.4+0.3 39812 6612 72316 NA
19 8.0+0.3 4641 T4+ 84+6 2.4+0.1
Pre-dosing 3.3+0.1 351 hB+2 109+11 NA
Hg{;‘] ?5 [ 11 7.4£0.6 51x2 89+3 06+14 NA
gixg 19 7.7x0.2 59+4 935 80+8 2.4+0.2
Pre-dosing 4.240.2 39+1 B7+2 120£16 NA
Hj(:t{nl ?ﬁ"P 11 83103 |  54+3 9124 7048 NA
9/kg 19 104408 | 56+1 953 7545 1.9+0 1
Fre-dosing 4.0£0.2 3542 62+3 11448 NA
%;@g 1 30603 | 2143 4825 9718 NA
19 2.8920.2 3041 5011 91+11 2.1%0.3
H4H1327P Pre-dosing 4.24+0.2 361 B4+ 12412 NA
10mg/kg + 11 4.3:0.3 381 65+ 109£16 NA
H1H316P
10mg/kg 16 5.4£0.5 4042 66+3 96+11 2.1+0.1
H4H1327P Pre-dosing 4.8+0.7 3812 65+4 107+18 NA
3mgrkg + 11 4.9+0.5 4141 67+2 89£10 NA
H1H316P
10malkg 19 53106 | 42t2 B7+3 8589 | 2.1:0.2

NA: Not applicable

Tabuiated Data Summary:

{0205} Mice treated with H4H1327P alone showed significant reductions in biood glucose
levels and increases in LDL, HDL, and total cholesterol levels in comparison {0 mice receiving
control mAb. Mice treated with H1H316P alone exhibited significant reductions in cholesterol
levels with no change in blood glucose levels. Mice freated with a combination of H4H1327P
and H1H316P showed significant reductions in blood glucose levels with no alterations in
cholesterol levels in comparison to mice receiving control mAb. Hepatic TG contents were not

altered in any of the treatment groups compared to the isotype control group.
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Exampie 9. The Effect of an Anti-GCGR antibody in a Diet-induced Obesity Mouse Model
[0206] The effects of H4H1327P, an anti-hGCGR antibody that cross-reacts with mouse
GCGR, on blood glucose levels and body weights were determined in a diet-induced obesity
(DIC)Y mouse model of type 2 diabetes (T2D).

[0207] The DIO model is developed by feeding mice on a high fat (60% kcal) diet (HFD) from
5~6 weeks of age. After approximately 6 weeks on the diet, mice develop metaboiic
abnormalities including insulin resistance, glucose intolerance, and ohesity. The DIO model
induces a physiological condition in mice closer to human T2D than that induced by the other
two commonly used T2D models, ob/ob and db/db mice, since the latter two meodeis result from
mutations in leptin or leptin receptor genes, respectively, which are rarely the cause of T2D in
humans.

[0208] In this study, eleven week-old male CH7BL/6 mice, placed on HFD since 5 weeks of
age, were purchased from Taconic farms, Inc. and kept on the diet for another 8 weeks. The
mice were divided into 4 groups of 10 animals per group at 18 weeks of age. Each group
received weekly (on days 0, 7, 14, and 21) subcutaneous injections of H4H1327P at 3, 10, or
30 mg/kg, or 30 mg/kg of the higG4 isotype control, which does not bind to any known mouse
protein. Blood glucose levels and body weights were measured periodically, and 6 days after
administering the last antibody dose (on day 27}, 6 mice/group were sacrificed. For the next 6
weeks, blood glucose and body weights were monitored for the remaining 4 mice/group. The
perceni reduction in blood giucose levels compared to the mean blood glucose level of the
isotype control group was calculated for each animal. The percent reduction and associated
error in blood glucose for each treatment group was then calculated by averaging across values
for the individual animals in each group. Resulls, expressed as (mean + SEM) of percent blood
glucose reduction, are shown in Table 11. The percent change in body weight from the baseline
fweight at day C) was calculated for each animal. The percent change and associated error in
body weight for each treatment group was then calculated by averaging across values for the
individual animals in each group. Results, expressed as (mean £ SEM) of percent body weight

change from baseline, are shown in Table 12.

Results summary and conclusions:

[0209] H4H1327P, at all dosages tested, reduced blood glucose and body weight of DIO mice
compared 1o the isotype control groups. The greatest relative blood glucose reduction {48.5%)
occurred in the highest dose (30 mg/kg) group at day 10, and the greatest relative body weight
reduction {12.8%) occurred in the highest dose group at day 28. The lowest dose (3 mg/kg)
groups achieved mean relative blood glucose lowering and mean body weight lowering values
of at least 70% the values exhibited by the highest dose groups through day 28 (one week
foliowing the last dose). The observed biood glucose and body weight iowering effects following
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the iast freatment on day 21 (L.e., on days 28, 47, and 68) persisted ionger for the higher
H4H1327P dose groups compared to the lower dose groups.

Table 11
Time (days) Blood glucose reduction (%)
H4H1327P 3my/kg H4H1327P 10mg/kg | H4H1327P 30mgrkg
10 4486 + 2.8 44.4£1.8 485+ 1.5
19 33.9+23 38.0+1.9 37525
28 248 £1.7 28.1£2.8 324+186
47 -3.9+71 21.2+£7.0 30.0+2.4
88 -4.3+7.9 -1.1+5.8 -12.9+ 12,1
Table 12
Body weight change from baseiine (%)
Time (days} | Isotype control H4H1327P H4H1327P H4H1327P
30mglkg 3maglkg 10mg/kg 30mg/kg
10 1.8+08 -5.5+ 0.6 -6.1+£0.6 -5.8+ 0.6
18 22+086 -7.3+0.8 96 +086 -16.3+£ 0.7
28 1.8+£0.4 9.2+ 1.2 -10.5+£ 0.5 -12.8+1.0
47 6.6£0.8 52+1.3 2514 -3 7122
68 10.4 £ 1.1 9.7 +0.7 10.6 + 1.0 8.2+ 1.1

Example 10. The Effect of an Anti-GCGR antibody in a Streptozetocin (8TZ)}-induced
Mouse Model of Diabetic Ketoacidosis

[0210] The eflects of H4H1327P, an anti-hGCGR antibody, which cross-reacts with mouse
GCGR, on plasma ketone and giucose levels were determined in a streptozotocin (STZ) -
induced mouse model of diabetic ketoacidosis (DKA). STZ is a chemical toxic to pancreatic
beta cells of mammals which, therefore, destroys this cell type when administered to rodents. A
single, high dose (200 mg/kg) injection of $TZ to C57BL/G mice leads to the development of
severe hyperglycemia and ketonuria, conditions exhibited in human DKA, in 3 days. Nine-week-
old maie C57BL/6 mice, purchased from Taconic farms, Inc. were divided into 2 groups of 10
animals, and each group received either intraperitoneal injections of STZ (in citrate buffer) at
200 mg/kg or vehicle (also in citrate buffer). Three days later, severe hyperglycemia (blood
glucose levels >400 mg/dL) and ketonuria were confirmed in all STZ treated animals. The next
morning, the STZ treated mice were divided into 2 groups of 5 animals, and each group
received an intravenous injection of H4H1327P or higG4 isotype control at 10 mg/kg. The
citrate buffer freated mice were also divided into 2 groups of 5 animals, and each group
received intravenous injection of H4M1327P or higG4 isotype control at 10 mg/kg. Mice were
bled 18 hours before antibody dosing (2.5 days after the STZ administration) and 28 hours after
antibody dosing under isoflurane anesthesia for plasma collection. Plasma ketone levels were
determined by beta-hydroxybutyrate assay (Biovision), and plasma glucose levels by ADVIA®

1650 Chemistry System (Siemens). Averages were calculated for the measurements of beta-

55



hydroxybutyrate and glucose levels for each of the four groups. Resulis, expressed as (mean +

SEM) of plasma beta-hydroxybutyrate and glucose concentrations, are shown in Tabie 13.

Resuits summary and conclusions:

[0211] A reduction (average 67%) in plasma beta-hydroxybutyrate (ketone) conceniration was
observed in STZ-induced diabetic ketoacidolic mice 28 hours after H4H1327P treatment in
comparison to plasma levels 18 hours prior fo the treatment, demonstrating that H4H1327P
effectively lowered plasma ketone levels in a mouse model! of DKA. For the §TZ-treated mice
dosed with isotype control antibody, a 14% average increase in blood glucose was observed for
the serum samples collected 28 hours after control antibody treatment compared to the
samples collected 18 hours before antibody treatment, whereas for the H4H1327P dosed mice
in the STZ-treated group less than 1% average change in glucose was observed between

serum samples collected at these two time points.

Table 13
anivoay | Ve | vencie | STE | sry
tre(ai;g;ent control HAH1327P controf H4H1327P
Beta- ~ 18 11206 06502 34507 36202
hydr"("n’f}?ﬂ”)tyrate 28 0.4£0.0 0.8+0.4 2.440.6 1.2:0.1
Glucose EE 514124 | 250£6 | 610£39 | 601£26
(mg/dL) o8 23816 | 152t5 | 696£66 | 606 £ 59

Example 11. Generation of a Bi-specific Antibody

[0212] Various bi-specific antibodies are generated for use in practicing the methods of the
invention. For example, GCGR-specific antibodies are generated in a bi-specific format (a "bi-
specific”) in which variable regions binding to distinct ectodomain and/or EC loop epitopes on
GCGR are linked together to confer duai-loop specificity within a single binding molecule.
Appropriately designed bi-specifics may enhance overall glucagon receptor blocking efficacy
through increasing both GCGR specificity and binding avidity. Variable regions with specificity
for individual ectodomain epitopes (e.g., segmenis of the N-terminal domain, or of the EC1,
EC2, or EC3 GCGR loops) or that can bind to different regions within one ectodomain segment
or loop are paired on a structural scaffold that allows each variable region fo bind
simultaneously to the separate epitopes, or to different regions within one ectodomain or EC
foop. In one example for a bi-specific, heavy chain variable regions (V) from a binder with one
ectodomain or loop specificity are recombined with light chain variable regions (V) from a
series of binders with a second ectodomain or EC loop specificity to identify non-cognate V|,
partners that can be paired with an original Vyy without disrupting the ariginal specificity for that
Vi In this way, a single Vi segment (e.g., Vi1) can be combined with two different Vy domains

(e.g., Vu1 and Vi,2} to generate a bi-specific comprised of two binding "arms” (V41- V1 and
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V- Vi 1). Use of a single V_segment reduces the complexity of the system and thereby
simplifies and increases efficiency in cloning, expression, and purification processes used to
generate the bi-specific (See, for example, USSN13/022759 and US2010/0331527).

[0213] Alternatively, antibodies that bind both GCGR and a second target, such as, but not
limited to, for example, human proprotein convertase subfilisin/kexin type 9 (hPCSKS), may be
prepared in a bi-specific format using fechnigues described herein, or other technigues known
to those skilled in the art. Antibody variable regions binding to distinct GCGR regions that are
extraceliutarly exposed are linked together with variable regions that bind to relevant sites on,
for example, PCSK®, to confer dual-antigen specificity within a single binding molecule.
Appropriately designed bi-specifics of this nature serve a dual function. For example, in the
case of a bi-specific antibody that binds both GCGR and PC3KSE, one may be able to lower
blood glucaose by virtue of one arm of the bi-specific antibody binding GCGR, while at the same
time lowering plasma lipids, by virtue of the second arm of the antibody binding PCSKS,
Variable regions with specificity for individual ectodomain epitopes of GCGR, are combined with
a variable region with specificity for PCSKS and are paired on a structural scafiold that allows
each variable region to bind to the separate antigens.

[0214] The bi-specific binders are tested for binding and functional blocking of the target
antigens, for example, GCGR and/or PCSKS, in any of the assays described above for
antibodies. For example, standard methods to measure soluble protein binding are used to
assess the bispecific-PCSKY interaction, such as Biacore, ELISA, size exclusion
chromatography, multi-angie laser light scattering, direct scanning calorimetry, and other
methods. Binding of bi-specific antibodies 1o cells expressing GCGR is determined through
flow cytometry using a fluorescently labeled secondary antibody recognizing either or both of
the two target antigens bound to cells. Cross-reactivity to the different GCGR ectodomains or
loops within and between different species variants is assessed using an ELISA binding assay
in which synthetic peptides represenfing the different ectodomains or loops are coated onto the
wells of microtiter plates, and binding of a bi-specific is determined through use of & secondary
detection antibody. Binding experiments with loop peptides can also be conducted using
surface plasmon resonance experiments, in which real-time binding interaction of peptide to
antibody is measured by flowing a peptide or bi-specific across a sensor surface on which bi-
specific or peptide, respectively, is captured. Functional in vitro blocking of the GCGR receptor
by a bi-specific is determined using any bioassay such as that described herein, or by in vivo
determination of blood glucose levels in appropriate animal modeis, such as those described
herein. Functional in vitro blocking of PCSK9 by a bi-specific is determined using any biocassay
such as that described in WO2010/077854, or in US2010/0166768, or by in vivo determination

of plasma lipid levels in appropriate animal models, such as those described herein.



‘What is claimed is:

1. An isolated nucleic acid molecule encoding the antibody or antigen-binding fragment
thereof comprising:

a) a HCDR1 domain having an amino acid sequence as set forth in SEQ ID NO: 72;

b) a HCDR2 domain having an amino acid sequence as set forth in SEQ ID NO: 74;

¢) a HCDR3 domain having an amino acid sequence as set forth in SEQ ID NO: 76;

d) a LCDR1 domain having an amino acid sequence as set forth in SEQ ID NO: 80;

¢) a LCDR2 domain having an amino acid sequence as set forth in SEQ ID NO: 82; and
f) a LCDR3 domain having an amino acid sequence as set forth in SEQ ID NO: 84.

2. An expression vector comprising the nucleic acid molecule of claim 1.

3. Use of an isolated antibody or antigen-binding fragment thereof comprising

a) a HCDR1 domain having an amino acid sequence as set forth in SEQ ID NO: 72;

b) a HCDR2 domain having an amino acid sequence as set forth in SEQ ID NO: 74;

¢) a HCDR3 domain having an amino acid sequence as set forth in SEQ ID NO: 76;

d) a LCDR1 domain having an amino acid sequence as set forth in SEQ ID NO: 80;

e) a LCDR2 domain having an amino acid sequence as set forth in SEQ ID NO: 82; and

f) a LCDR3 domain having an amino acid sequence as set forth in SEQ ID NO: 84, or a
pharmaceutical composition comprising said antibody or antigen-binding fragment thereof, in
the manufacture of a medicament for lowering blood glucose or ketone levels, or for treating
a patient having a disease or condition associated with, or characterized in part by high blood
glucose or ketone levels, or at least one symptom or complication associated with the
condition or disease, wherein the condition or disease is selected from the group consisting of
diabetes, impaired glucose tolerance, obesity, nephropathy, neuropathy, retinopathy,
cataracts, stroke, atherosclerosis, impaired wound healing, diabetic ketoacidosis,
hyperglycemia, hyperglycemic hyperosmolar syndrome, perioperative hyperglycemia,
hyperglycemia in the intensive care unit patient, hyperinsulinemia, the metabolic syndrome,

insulin resistance syndrome and impaired fasting glucose.
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4. The use according to claim 3, wherein the antibody or antigen-binding fragment is

administered to the patient in combination with a second therapeutic agent.

5. The use according to claim 4, wherein the second therapeutic agent is selected from the
group consisting of insulin, a biguanide (metformin), a sulfonylurea (such as glyburide,
glipizide), a PPAR gamma agonist (pioglitazone, rosiglitazone), an alpha glucosidase
inhibitor (acarbose, voglibose), Exenatide® (glucagon-like peptide 1), Symlin®

(pramlintide), a glucagon antagonist, and a second GCGR antagonist.

6. The use according to claim 4, wherein the second therapeutic agent is a 3-hydroxy-3-

methyl-glutaryl-CoA reductase (HMG-CoA reductase) inhibitor.

7. The use according to claim 6, wherein the HMG-CoA reductase inhibitor is a statin
selected from the group consisting of atorvastatin, fluvastatin, lovastatin, pitavastatin,

pravastatin, rosuvastatin and simvastatin.
8. The use according to claim 4, wherein the second therapeutic agent is an isolated antibody,

or an antigen-binding fragment thereof, that specifically binds to human proprotein

convertase subtilisin/kexin type 9 (PCSK9).
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