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ANTI-APZ ANTIBODIES AND ANTIGEN BINDING AGENTS
TO TREAT METABOLIC DISORDERS

RELATED APPLICATIONS

This application is related to and claims the benefit of provisional U.S. Application No.
62/155,217, filed Apnl 30, 2015, provisional U S, Application No. 62/232 148, filed September
24, 2015, and provisional U.S. Application No. 62/208,257, filed December 16, 2015, The

entirety of these provisional applications are hereby incorporated by reference for all purposes.

FIELD OF THE INVENTION

This invention is in the area of improved anti-aP2 antibodies and antigen binding agents,
and compositions thereof, which target the lipid chaperone aP2/FABP4 (referred to as “aP2”) for
use in treating disorders such as diabetes, obesity, cardiovascular disease, fatty liver disease,
and/or cancer, among others. In one aspect, improved treatments for aP2 mediated disorders are
disclosed in which serum aP2 is targeted and the biological activity of aP2 is neutralized or
modulated using low-binding affinity aP2 monoclonal antibodies, providing lower fasting blood
glucose levels, improved systemic glucose metabolism, increased systemic insulin sensitivity,
reduced fat mass, reduced liver steatosis, reduced cardiovascular disease and/or a reduced rnisk of

developing cardiovascular disease.

INCORPORATION BY REFERERCE
The contents of the text file named "15020-001US1Sequencelisting ST2Supdated txt”
which was created on April 25, 2016 and 1s 258 KB in size, are hereby incorporated by reference

in their entirety.

BACKGROUND OF THE INVENTION

Human adipocyte lipid-binding protein (aP2) belongs to a family of intracellular lipid-
binding proteins involved in the transport and storage of lipids (Banzszak et al., (1994) Adv.
Protein Chem. 45, 89-151). The aP2 protein is involved in lipolysis and lipogenesis and has
been indicated in diseases of lipid and energy metabolism such as diabetes, atherosclerosis, and
metabolic syndromes. aP2 has also been indicated in the integration of metabolic and

inflammatory response systems. {Ozcan et al., (2006} Science 313(5790):1137-40; Makowski et
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al,, (2005} J Biol Chem. 280(13):12888-95: and Erbay et al., (2009) Nat Med. 15(12):1383-91).
More recently, aP2 has been shown to be differentially expressed in certain soft tissue tumors
such as certain liposarcomas (Kashima et al., (2013) Virchows Arch. 462, 465-472}.

aP2 1s highly expressed in adipocytes and regulated by peroxisome-proliferator-activated
receptor-y (PPARY) agontsts, tnsulin, and fatty acids (Hertzel et al., (2000} Trends Endocrinol.
Metab. 11, 175-180; Hunt et al., (1986) PNAS USA 83, 3786-3790; Melki et al., (1993} J. Lipid
Res. 34, 1527-1534; Distel et al, (1992) J. Biol. Chem. 267, 5937-5941). Studies in aP2
deficient mice (aP2-/-) indicate protection against the development of insulin resistance
associated with genetic or diet-induced obesity and improved lipid profile in adipose tissue with
increased levels of C16:1n7-palmitoleate, reduced hepatosteatosis, and improved control of
hepatic glucose production and peripheral glucose disposal (Hotamisligil et al., (1996) Science
274, 1377-1379; Uysal et al., (2000) Endocrinol. 141, 3388-3396; Cao et al.,, (2008) Cell 134
933-944).

3

In addition, genetic deficiency or pharmacological blockade of aP2 reduces both early
and advanced atherosclerotic lesions in the apolipoprotein E-deficient (ApoE-/-} mouse model
(Furuhashi et al , (2007) Nature, Jun 21;447(7147):959-65; Makowski et al., (2001) Nature Med.
7, 699-705; Layne et al., (2001) FASEB 15, 2733-2735; Boord et al, {(2002) Arteriosclerosis,
Thrombosis, and Vas. Bio. 22, 1686-1691).  Furthermore, aP2-deficiency leads to a marked
protection against early and advanced atherosclerosis in apolipoprotein E-deficient {ApoE-/-)
mice (Makowski et al., (2001} Nature Med. 7, 699-705; Fu et al., (2000) J. Lipid Res. 41, 2017-
2023). Hence, aP2 plays a critical role in many aspects of development of metabolic disease in
preclinical models.

In the past two decades, the biological functions of FABPs in general and aP2 in
particular have primarily been attributed to their action as intracellular proteins. Since the
abundance of aP2 protein in the adipocytes is extremely high, accounting for up to few percent
of the total cellular protein (Cac et al, (2013) Cell Metab. 17(5).768-78), therapeutically
targeting aP2 with traditional approaches has been challenging, and the promising success
obtained in preclinical models (Furuhashi et al., {2007} Nature 447, 959-965; Won et al., (2014)
Nature Mat. 13, 1157-1164; Cai et al, (2013) Acta Pharm. Sinica 34, 1397-1402; Hoo et al |

(2013} J. of Hepat. 58, 358-364) has been slow to progress toward clinical translation.
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In addition to its presence in the cytoplasm, it has recently been shown that aP2 is
actively secreted from adipose tissue through a non-classical regulated pathway (Cao et al,
(2013) Cell Metab. 17(5), 768-778; Ertunc et al., (2015} J. Lipid Res. 56, 423-424). The secreted
form of aP2 acts as a novel adipokine and regulates hepatic glucose production and systemic
glucose homeostasts in mice in response to fasting and fasting-related signals. Serum aP2 levels
are significantly elevated in obese mice, and blocking circulating aP2 improves glucose
homeostasis 1n mice with diet-induced obesity (Cao et al, (2013) Cell Metab. 17(5).768-78).
Importantly, the same patterns are also observed in human populations where secreted aP2 levels
are increased 1n obesity and strongly correlate with metabolic and cardiovascular diseases in
multiple independent human studies {(Xu et al, {2006) Clin. Chem. 53, 405-413; Yoo et al|
(2011) J. Clin. Endocrin. & Metab. 96, E488-492; von Eynatten et al | (2012) Arteriosclerosis,
Thrombosis, and Vas. Bio. 32, 2327-2335; Sub et al, (2014) Scandinavian J. Gastro. 49, 979-
985; Furuhasht et al., (2011) PloS One 6, ¢27356; Ishimura et al., (2013) PloS One 8, e81318;
Karakas et al., {2009) Metabolism: Clinical and Experimental 58, 1002-1007; Kaess et al,
{2012} J. Endocrin. & Metab. 97, E1943-1947; Cabre et al,, (2007} Atherosclerosis 195, e150-
158}, Finally, humans carrying a haploinsufficiency allele which results in reduced aP2
expression are protected against diabetes and cardiovascular disease (Tuncman et al., (2006)
PNAS USA 103, 6970-0975, Saksi et al., (2014) Circulation, Cardiovascular Genetics 7, 588-
598).

Cao et al. used a rabbit anti-mouse aP2 polyclonal antibody to show a reduction in
plasma aP2 levels in obese antibody-treated mice, which occurred without any alteration in aP2
protein levels in the adipose tissue (Cao et al, (2013} Cell Metab. 17(5). 768-778; PCT
Publication WO 2010/102171). Administration of the antibody in obese mice did not alter the
body weight, but did cause a significant decrease in fasting blood glucose levels within two
weeks of treatment compared to controls treated with a pre-immune IgG. In a glucose tolerance
test, mice receiving the aP2 polyclonal antibody exhibited significantly improved glucose
disposal curves compared to control arumals.

Miao et al. reported the use of a high affinity mouse anti-human aP2 monoclonal
antibody (identified as mAb 2E4) to achieve improved high-fat diet (HFD) induced inflammation
in antibody treated mice receiving a high-fat diet (Miao et al., (2015} Molecular and Cellular

Endocrinology 403, 1-9). Treatment with the high affinity mAb 2E4, however, resulted in

3
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drastically increased body weights compared with control animals, and no notable change was
observed in basal glucose levels after six weeks of treatment. Furthermore, mAb 2E4 treatment
failed to affect HFD-induced insulin tolerance.

It is an object of the invention to identify new compounds, methods, and compositions for
the treatment of metabolic disorders.

It 1s in particular an object of the invention to identify new compounds, methods, and
compositions for the reduction of fasting blood glucose levels, the improvement of systemic
glucose metabolism, the improvement of glucose tolerance, the increase in systemic insulin
sensitivity, the reduction in fat mass, the reduction in fat cell hipolysis, the reduction in hepatic
glucose production, the reduction in hyperinsulinemia, and/or the reduction in liver steatosis.

It is also an object of the invention to identify new compounds, methods, and
compositions for the treatment of diabetes, obesity, and dyslipidemia.

It 1s further object of the invention to identify new compounds, methods, and
compaosttions for the freatment of inflammatory induced disorders, for example atherosclerosis.

It is another object of the invention to identify new compounds, methods, and

compositions for the treatment of a tumor, cancer, or other neoplasm.

SUMMARY OF THE INVENTION

Anti-aP2Z monoclonal antibodies and antigen binding agents are provided that have
superior and unexpected activity for the treatment of aP2-mediated disorders. In one
embodiment, anti-aP2 monoclonal antibodies and antigen binding agents are provided that
contain a light chain or light chain fragment having a variable region, wherein said variable
region comprises one, two, or three complementarity determining regions (CDRs) independently
selected from Seq. 1D No. 7, Seq. 1D No. &, and Seq. ID No. 9. In ancther embodiment, anti-aP2
monocional antibodies and antigen binding agents are provided that comprise a light chain or
light chain fragment having a variable region, wherein said variable region comprises one, two,
or three CDRs independently selected from Seq. ID No. 10, Seq. ID No. 11, Seq. ID No. 12, Seq.
I No. 13, Seq. ID No. 597, Seq. ID No. 598, or Seq. 1D No. 599. In still another embodiment,
anti-aP2 monoclonal antibodies and antigen binding agents are provided that comprise a light
chain or light chain fragment having a variable region, wherein satd variable region comprises

one, two, or three CDRs independently selected from Seq. ID No. 7, Seq. ID No. 8 and Seq. ID
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No. @, Seq. ID No. 10, Seq. ID No. 11, Seq. ID No. 12, Seq. ID No. 13, Seq. 1D No. 597, Seq. ID
No. 598, or Seq. ID No. 599. In one embodiment, anti-aP2 monoclonal antibodies and antigen
binding agents are provided that comprise a light chain or light chain fragment having a variable
region, wherein said variable region comprises Seq. ID No. 7
CDR selected from Seq. ID. No. 9, Seq. ID No. 10, Seq. ID No. 11, Seq. ID No. 12, Seq. ID No.
13, Seq. ID No. 597, Seq. ID No. 598, or Seq. ID No. 599 Alternatively, one or more of the

, Seq. ID. No. 8, and at least one

disclosed and selected CDRs can be altered by substitution of one or more amino acids that do
not adversely affect or that improve the properties of the antibody or antigen binding agent, as
further described herein. In one embodiment, the selected CDR(s) i1s/are placed in a human
immunoglobulin framework. In one embodiment, the human immunoglobulin framework is
further modified or altered to maintain the binding affinity specificity of the grafted CDR region.

One of the unexpected discoveries disclosed herein 1s that the described antibodies and
antigen binding agents do not tightly bind aP2 protein. Typically, antibodies and antigen binding
agents are sought that have tight binding atfinity {very low KD), as was reported by Miao, et al.
{See Background of the Invention). It has been discovered that an antibody or antigen binding
agent that binds to aP2 protein in its secreted (non-cytosolic) state with a weaker binding affinity
having a KD of about > 107 M, has an improved ability to neutralize secreted aP2 and cause a
significant inhibitory effect on aP2-mediated disorders. In certain embodiments, the anti-aP2
monoclonal antibody or antigen binding agent has a KD for human aP2 of between about 107 to
10° M. In other examples, the anti-aP2 monoclonal antibody or antigen binding agent has a KD
for human aP2 of about > 500nM, for example, about 500nM to about 10uM. In another
embodiment, the anti-aP2 monoclonal antibody or antigen binding agent has a KD for human
aP2 of about 1puM to about 7uM, or 2uM to about SpM. In an alternative embodiment, the anti-
aP2 monoclonal antibody has a low binding affinity for mouse aP2 in its native, conformational
form, for example, in the ranges specified above.

The inventors have also surprisingly found that mice treated with the antibodies described
herein maintained total circulating aP2 levels at a level similar to or slightly lower than that seen
in control-freated animals. These findings are in contrast to those observed with higher affinity
antibodies, including H3, where treatment of mice with this high affinity antibody leads to a

dramatic 10-fold increase in total circulating aP2 levels. The dramatic increase in aP2 levels
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seen in mice treated with high affinity antibodies may be due to the increased half-lite of the aP2
protein, which generally has a short-halt life, when complexed with a high-affinity aP2 antibody.

When administered to a host in need thereof, these anti-aP2 antibodies and antigen
binding agents neutralize the activity of secreted aP2 and provide lower fasting blood glucose
jevels, improved systemic glucose metabolism, increased systemic insulin sensitivity, reduced fat
mass, liver steatosis, improved serum lipid profiles, and reduced atherogenic plaque formation in
a host when compared to anti-aP2 monoclonal antibodies having higher binding athinities.
Therefore, the anti-aP2 antibodies and antigen binding agents described herein are particularly
useful to treat metabolic disorders including, but not limited to, diabetes (both type 1 and type 2),
hyperglycemia, cbesity, fatty liver disease, dyslipidemia, polycystic ovary syndrome (POS), a
proliterative disorder such as a tumor or neoplasm, {(including, but not limited to, for example,
transitional bladder cancer, ovarian cancer, and liposarcoma), atherosclerosis, and other
cardiovascular disorders by administering an effective amount to a host, typically a human, in
need thereof.

Without wishing to be bound by any one theory, it is believed that various tissues
contribute 1o circulating aP2 levels. For example, it 1s believed that adipose tissue contributes to
levels of circulating aP2. In addition, it is believed that other tissues, for example macrophages,
contribute to circulating levels of aP2. In one embodiment, a host is administered an anti-aP2
antibody or antigen binding agent described herein to treat an aP2 mediated disorder. In one
embodiment, a host is administered an anti-aP2 antibody or antigen binding agent described
herein to treat an aP2 mediated disorder wherein the disorder is mediated by adipose tissue-
contributed circulating aP2. In one embodiment, a host is administed an anti-aP2 antibody or
antigen binding agent described herein to treat an aP2 mediated disorder wherein the disorder is
mediate by macrophage-contributed circulating aP2.

In one embodiment, the anti-aP2 antibody or antigen binding agent includes at least one
CDR selected from Seq. ID Nos. 7-13 or Seq. ID Nos. 597-599, and at least one CDR selected
from CDRHI (Seq. ID NO. 14), CDRHI variant 1 (Seq. ID No. 15), CDRHI1 vartant 2 (Seq. [D
No. 600}, CDRH2 (Seq. ID No. 16), CDRH2 variant [ (Seq. ID No. 17), CDRHZ variant 2 (Seq.
1D No. 18), CDRH2 variant 3 (Seq. 1D No. 601), CDHR3 (Seq. ID No. 19), CDHR3 varnant |
(Seq. ID No. 20), CDRH3 variant 2 (Seq. ID No. 21), or CDRH3 variant 3 (Seq. 1D No. 602),

wherein the CDR sequences are grafted into a human immunoglobulin framework. In one
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embodiment, the human immunoglobulin framework is further modified or altered to maintain
the binding aftinity specificity of the grafied CDR region.

ln certain embodiments, the anti-aP2 antibody or antigen binding agent includes at least
the light chain variable sequence 909 gLl (Seq. ID No. 446), the light chain sequence 909 gh.1
YL -+ CL (Seq. ID No. 447}, the light chain variable sequence 909 gL 10 (Seq. ID No. 448}, the
light chain sequence 909 gL.10 VL + CL (Seq. ID No. 449), the light chain variable sequence 909
¢l 13 (Seq. ID No. 487), the light chain sequence 909 gl 13 VL + CL (Seq. ID No. 489), the light
chain variable sequence 909 gL50 (Seq. 1D No. 488), the light chain sequence 909 gl.50 VL +
CL (Seq. ID No. 490),the light chain variable sequence 909 ¢l.54 (Seq. 1D No. 450), the light
chain sequence 909 ¢f 54 VL + CL (Seq. 1D No. 451), the light chain variable sequence 909
¢l.55 (Seq. ID No. 452} or the light chain sequence 909 gL.55 VL + CL (Seq. ID No. 453).

in other embodiments, the anti-aP2 antibody or antigen binding agent includes a light
chain variable sequence selected from 909 g1 (Seq. ID No. 4463, 909 gL 10 (Seq. ID No. 448},
909 gl.13 (Seq. 1D No. 487), 909 gL.50 (Seq. 1D No. 488), 909 gL.54 (Seq. ID No. 450), or 909
el 55 (Seq. ID No. 452), and a heavy chain variable sequence selected from 909 gH1 (Seq. ID
No. 455), 909 gH14 (Seq. ID No. 457}, 909 gH1S (Seq. ID No. 459), 909 gH61 (Seq. ID No.
461), and 909 gHOZ (Seq. ID No. 463). For example, the antibody or antigen binding agent can
include at least the light chain variable sequence 909 glL1 (Seq. 1D No. 446} and the heavy chain
variable sequence 909 gH1 (Seq. ID. No. 455). In one embodiment, the anti-aP2 antibody or
antigen binding agent includes at least the light chain variable sequence 909 ¢l 10 (Seq. 1D No.
448) and the heavy chain variable sequence 909 gH1 (Seq. ID No. 455). In one embodiment, the
anti-aP2 antibody or antigen binding agent includes at least the light chain variable sequence 909
gl.10 (Seq. 1> No. 448) and the heavy chain variable sequence 909 gHI15 (Seq. 1D No. 459). In
one embodiment, the anti-aP2 antibody or antigen binding agent includes at least the light chain
vartable sequence 909 g1 (Seq. 1D No. 446) and the heavy chain variable sequence 909 gHl15
{Seq. ID No. 459). In one embodiment, the anti-aP2 antibody or antigen binding agent includes
at least the hight chain variable sequence 909 gl.13 (Seq. ID No. 487) and the heavy chain
variable sequence 909 gH1 {Seq. 1D No. 455). In one embodiment, the anti-aP2 antibody or
antigen binding agent includes at least the light chain variable sequence 909 ¢l.13 (Seq. 1D No.
487) and the heavy chain variable sequence 909 gH15 (Seq. ID No. 459). In one embodiment,

the anti-aP2 antibody or antigen binding agent includes at least the light chain variable sequence
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909 gl.50 (Seq. 12 No. 488) and the heavy chain variable sequence 909 gH1 (Seq. ID No. 455).
In one embodiment, the anti-aP2 antibody or antigen binding agent includes at least the hght
chain variable sequence 909 gL.50 (Seq. 1D No. 488} and the heavy chain variable sequence 909
gH15 (Seq. ID No. 459).  In one embodiment, the anti-aP2 antibody or antigen binding agent
includes at least the light chain variable sequence 909 gl.54 (Seq. ID No. 450} and the heavy
chain variable sequence 909 gH1 (Seq. ID No. 455).  In one embodiment, the anti-aP2 antibody
or antigen binding agent includes at least the light chain variable sequence 909 gl.54 (Seq. ID
No. 450} and the heavy chain variable sequence 909 g¢HIS (Seq. ID No. 459). In one
embodiment, the anti-aP2 antibody or antigen binding agent includes at least the light chain
variable sequence 909 gl535 (Seq. ID No. 452) and the heavy chain variable sequence 909 gHI
{Seq. ID No. 455). In one embodiment, the anti-aP2 antibody or antigen binding agent includes
at least the light chain variable sequence 909 gL.55 (Seq. 1D No. 452) and the heavy chain
variable sequence 909 gHIS (Seq. ID No. 459). In one embodiment, the anti-aP2 antibody or
antigen binding agent can include at least the light chain variable sequence 909 gl.1 (Seq. ID No.
446) and the heavy chain variable sequence 909 gH14 (Seq. ID. No. 457). In one embodiment,
the anti-aP2 antibody or antigen binding agent includes at least the light chain vanable sequence
909 gL10 (Seq. 12 No. 448} and the heavy chain variable sequence 909 gH14 (Seq. ID No. 457).
In one embodiment, the anti-aP2 antibody or antigen binding agent includes at least the light
chain variable sequence 909 gl 13 (Seq. ID No. 487} and the heavy chain variable sequence 909
gH14 (Seq. 1D No. 457). In one embodiment, the anti-aP2Z antibody or antigen binding agent
includes at least the light chain variable sequence 909 gl.30 (Seq. IID No. 488) and the heavy
chain variable sequence 909 gH14 (Seq. ID No. 457). In one embodiment, the anti-aP2 antibody
or antigen binding agent includes at least the light chain variable sequence 909 gL.54 (Seq. 1D
No. 450) and the heavy chain variable sequence 909 gHl4 (Seq. ID No. 457). In one
embodiment, the anti-aP2 antibody or antigen binding agent includes at least the light chain
vartable sequence 909 glL55 (Seq. I No. 452) and the heavy chain variable sequence 909 gH14
{Seq. ID No. 457} In one embodiment, the anti-aP2 antibody or antigen binding agent can
include at least the light chain variable sequence 909 glL1 (Seq. ID No. 446) and the heavy chain
variable sequence 909 gH6! (Seq. ID. No. 461). In one embodiment, the anti-aP2 antibody or
antigen binding agent includes at least the light chain variable sequence 909 gl10 (Seq. 1D No.

448) and the heavy chain variable sequence 909 gH61 (Seq. ID No. 461). In one embodiment,
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the anti-aP2 antibody or antigen binding agent includes at least the light chain variable sequence
909 ¢1.13 (Seq. 1D No. 487) and the heavy chain variable sequence 909 gHo61 (Seq. 1D No. 461).
In one embodiment, the anti-aP2 antibody or antigen binding agent includes at least the Light
chain variable sequence 909 gL.50 (Seq. ID No. 488) and the heavy chain variable sequence 909
gH61 (Seq. ID No. 461). In one embodiument, the anti-aP2 antibody or antigen binding agent
includes at least the light chain variable sequence 909 gl.534 (Seq. ID No. 450} and the heavy
chain variable sequence 909 gH61 (Seq. 1D No. 461). In one embodiment, the anti-aP2 antibody
or antigen binding agent includes at least the light chain variable sequence 909 ¢f.55 (Seq. ID
No. 452) and the heavy chain variable sequence 909 gH61 (Seq. 1D No. 461). In one
embodiment, the anti-aP2 antibody or antigen binding agent can include at least the light chain
variable sequence 909 gl1 (Seq. ID No. 446) and the heavy chain variable sequence 909 gHG62
{Seq. ID. No. 463}, In one embodiment, the anti-aP2 antibody or antigen binding agent includes
at least the light chain variable sequence 909 gL10 (Seq. ID No. 448) and the heavy chain
variabie sequence 909 gHo62 (Seq. ID No. 463). In one embodiment, the anti-aP2 antibody or
antigen binding agent includes at least the light chain variable sequence 909 ¢f.13 (Seq. I No.
487) and the heavy chain variable sequence 909 ¢HO62 (Seq. ID No. 463). Iun one embodiment,
the anti-aP2 antibody or antigen binding agent includes at least the light chain variable sequence
909 gl.50 (Seq. 1D No. 488) and the heavy chain variable sequence 909 gHo62 (Seq. ID No. 463).
in one embodiment, the anti-aP2 antibody or antigen binding agent includes at least the light
chain variable sequence 909 gl.54 (Seq. ID No. 450} and the heavy chain variable sequence 909
gH62 (Seq. 1D No. 463}, In one embodiment, the anti-aP2 antibody or antigen binding agent
includes at least the light chain variable sequence 909 gL.SS (Seq. ID No. 452) and the heavy
chain variable sequence 909 gHO2Z (Seq. ID No. 463).  The anti-aP2 monoclonal antibodies, and
where relevant the antigen binding agents, described herein containing the variable light and/or
vartable heavy chain sequences containing the CDRs described herein may further comprise
constant region domains selected having regard to the proposed function of the antibody
molecule, and in particular the effector functions which may be required. For example, the
constant region domains may be buman IgA, Igh, IgE, IeG, or 1gM domains. In particular,
human IgG constant region domains may be used, especially for example the IgGl and 1gG3
isotypes when the antibody molecule is intended for therapeutic uses and antibody effector

functions are required. Alternatively, 1gG2 and Ig(G4 isotypes may be used when the antibody
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molecule is intended for therapeutic purposes and antibody effector functions are not required. It
will be appreciated that sequence variants of these constant region domains may also be used.
For example Ig(G4 molecules in which the serine at position 241 (1gG4P) has been changed to
proline as described in Angal et al, Molecular Immunology, 1993, 30 (1), 105-108 may be used,
and are contemplated herein.

In one embodiment, the anti-aP2 antibody comprises a light chain variable sequence
Rabbit Ab 909 VL region (Seq. ID No. 445), and turther optionally comprises a heavy chain
vartable sequence Rabbit Ab 909 VH region (Seq. ID No. 454).

In one embodiment, a low binding affinity monoclonal anti-aP2 antibody CA33, a rabbit-
mouse hybrid anti-aP2 monoclonal antibody, which includes Rabbit 909 VH (Seq. 1D No. 454)
and 909 VL (Seq. ID No. 445), 1s described that lowers fasting blood glucose levels, improves
systemic glucose metabolism, increases systemic insulin sensitivity and reduces fat mass and
liver steatosis in obese mice.

It bas been found that CA33 binds to both liptd-bound and lipid-free aP2 at similar
atfinities {See Figures 2H and 21, respectively). These data suggest that the efficacy of CA33 1s
not mediated by its binding only apo-aP2 or only aP2 molecules that carry a specific lipid. Tt has
also been found that the CA33 epitope does not overlap with the hinge region (which contains
E13, Ni6, and F17) and it does not appear that CA33 binding alters ligand access to the
hydrophobic pocket of aP2. In fact, at neutral pH, paranaric acid binding to aP2 is similar in the
presence or absence of CA33, supporting the conclusion that antibody binding to aP2 does not
block overall lipid binding (See Figure 2(G).

Furthermore, it has been discovered that exogenous aP2 treatment leads to the
disassociation of a novel transcriptional holocomplex composed of Forkhead box protein O1
{(Fox(Q1) and the transcriptional corepressor C-terminal binding protein 2 (CtBP2) in
hepatocytes, leading to expression of gluconcogenic genes. In vivo, the FoxO1/CtBP2
interaction is readily detectable in the liver of lean mice, but markedly decreased in the context
of obesity, a setting in which the level of circulating aP2 is markedly increased. It is shown
herein that administration of recombinant aP2 decreases the FoxQO1/CtBP2 interaction while the
interaction increases in the setting of aP2 genetic deficiency and antibody-mediated
neutralization. It has further been shown herein that CtBP2 overexpression in the liver of obese

mice dramatically ameliorates glucose intolerance as well as hepatic steatosis through repression
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of ghuconeogenic and lipogenic gene expression. In one embodiment of the invention, an anti-
aP2 antibody 13 admimstered for the treatment of a disorder in a host, including a human,
associated with the misregulation of the FoxO1/CtBP2 pathway. In one embodiment, improved
treatments for FoxQOl-mediated disorders or CtBP2-mediated disorders are disclosed in which
serum aP2 is targeted and the biological activity of aP2 is neutralized or modulated using a low-
binding affinity aP2 monoclonal antibody described herein, wherein the expression level of one
or more FoxOl-regulated or CtBP2-regulated genes is reduced. In one embodiment, provided
herein is a method of modulating the expression of a Fox(Cl and/or CtBPZ-regulated gene
comprising administering to a host a low-binding affinity aP2 monoclonal antibody described
herein. See Jack et al. “C-terminal binding protein: A metabolic sensor implicated in regulating
adipogenesis.” fnt J Biochem (el Biol. 2011 May; 43(5):693-6; Vernochet C, et al.
“C/EBPalpha and the corepressors CtBP1 and CtBP2 regulate repression of select visceral white
adipose genes during induction of the brown phenotype in white adipocytes by peroxisome
proliferator-activated receptor gamma agonists.” Mol Cell Biol 2009 Sep;29(17).4714-28;
Kajimura, S et al. “Regulation of the brown and white fat gene programs through a
PRDMI6/CHBP transcriptional complex.” Genes Dev. 2008 May 15,22 (10):1397-409.

Antigen binding agents may be in any form that provides the desired results. As non-
Himiting examples, the form of the binding ageont may include a single chain fragment, Fab
fragment, Fab’ fragment, F(ab")2 fragment, a scFv, a scAb, single domain light chain, a single
domain heavy chain, a synthetic antigen binding agent that includes a naturally occurring or non-
naturally occurring linking motety between two or more fragments (for example a compound
that links two or more of the light chain CDRs described herein or a variant thereof with one or
more amino acid substitutions), an antigen binding agent conjugated for targeted delivery, as
well as any peptide obtained from or derived from such an antibody.

In one aspect, the present invention provides a polynucleotide, such as DNA, encoding an
antibody or fragment as described herein, for example as provided in Table 12, Also provided is
a host cell comprising said polynucleotide.

Specifically, the invention includes administering an effective amount of an anti-aP2
antibody described herein, or a pharmaceutically acceptable composition thereof, capable of
reducing the activity of secreted aP2 (i.e., extracellular aP2) in a body fluid of a host, for

example blood or serum, which results in the attenwation of the severity of, for example, aP2
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mediated disorders, including but not limited to a metabolic, cardiovascular, inflammatory, liver,
or neoplastic disorder or symptom.

ln one aspect of the invention, the purified anti-aP2 monoclonal antibody or antigen
binding agent binds to human aP2 protein (Seq. ID. No. 1) with a unique pattern of contact
points within 3-4 Angstroms.

In one embodiment, the anti-aP2 monoclonal antibody binds human aP2 having the
amino acid sequence:

MCUCDAFVGTWE LVSSENFDDY MEKEVGYGFAT RKVAGMAKPN MITSVNGD VI TIKSESTFKN

TEISFILGOE FDEVTADDRE VEKSTITLDGG VLVHVOKWDG KSTTIKRKRE DDELVVECYM

KGVISIRVYE EA (Seq. 1D No. 1),

or a naturally occurring variant thereof. In an alternative embodiment, the anti-aP2 monoclonal
antibody binds to a human aP2 protein having an amino acid sequence that 1s at Jeast 95%, 96%,
97%, 98%, or 99% identical to Seq. ID No. 1. In one embodiment, the anti-aP2 monoclonal
antibody binds to a human aP2 protein having an arino acid sequence that has one or more {for
example 1, 2, 3 or 4) amino acid substitutions, additions and/or deletions as compared to Seq. ID
No. 1.

In one embodiment, the anti-aP2 monoclonal antibody or antigen binding agent binds to
an epitope selected from an amino acid sequence underlined in Seqg. ID No. 1 above. In one
embodiment, the anti-aP2 monoclonal antibody directly interacts with one or more, for example
1,2,3,4,5,6,7 8 or9, amino acids bolded in Seq. ID No. 1 above. In one example, the anti-
aP2 monoclonal antibody or antigen binding agent binds to an epitope of the human aP2 protein
comprising at least one, for example 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more, of amino acids 9-17,
amino actds 20-28, or amino acids 118-132 of Seq. ID No. 1, and optionally has a KD of at least
about > 107 M,

In another example, the anti-aP2 monoclonal antibody or antigen binding agent thereof
binds an epitope of human aP2 comprising one or more, for example 1,2, 3, 4,5,6,7, 8 orQor
more, amino acid residues selected from 10K, TIL, 12V, 138, 37A, 38K, 57T, 130E, 132A
{bolded in Seq. ID Neo. 1, above), or an arino acid residue within about 4 angstroms of any of
10K, 111, 12V, 138, 37A, 38K, 57T, 130E, and 132A, optionally with a KD for secreted aP2 of
about > 107 M.

In one embodiment, the light chain of the antibody binds an epitope of human aP2

comprising one or more, for example 1, 2, 3, 4, 5, 6, 7, 8, or 9 or more, amino acid residues
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selected from 10K, 11L, 12V, 135, 37A, 38K, 57T, 130E, or 132A, or an amino acid residue
within about 4 angstroms thereof. In one embodiment, the light chain of the antibody binds an
epttope of human aP2 comprising one or more, for example 1, 2, 3, 4, 5, 6, 7, 8, or 9 or more,
amino acid residues selected from 10K, 11L, 12V, 1385, 37A, 38K, 57T, 130FE, or 132A, or an
amino acid residue within about 4 angstroms thereof, and has a KD of at least about > 107 M.

In one embodiment, the anti-aP2 monoclonal antibody or antigen binding agent binds to
aP2 ounly through, or prirvardy through, light chain CDRs. In an alternative embodiment, the
anti-aPZ monoclonal antibody or antigen binding agent has light chain CDRs that bind to aP2
with a greater affinuty than its heavy chain CDRs bind to aP2. As one example, the antibody or
antigen binding agent specifically binds aP2, and does not specifically bind to FABP5/Mall.

Methods of producing the disclosed anti-aP2 antibodies and antigen binding agents are
provided herein as well as methods of conjugating the antibody or fragment to a polymer, such
as PEG.

The present disclosure also includes pharmaceutical compositions comprising an
effective amount of one of the anti-aP2 antibodies and/or antigen binding agents in combination
with a pharmaceutically acceptable carrier. The anti-aP2 ruonoclonal antibody or antigen binding
agent can be administered to the host by any desired route, including intravenous, systemic,
topical transdermal, sublingual, buccal, oral, intra-aortal, topical, intranasal, intraocular, or via
inhalation. In one embodiment, the anti-aP2 monoclonal antibody or antigen binding agent is
administered to the host via controlled release delivery.

A method of preventing or attenuating the severity of an aP2 mediated disorder in a host,
such as a human, is presented that includes administering an effective amount of a humanized
antibody, for example, an anti-aP2 monoclonal antibody or antigen binding agent described
herein, resulting in the reduction or attenuation of the biological activity of secreted aPZ.
Nonlimiting examples of uses of the described anti-aP2 antibodies and antigen binding agents by
administering an effective amount to a host in need thereof include one or a combination of’

(1) Reduction of total cholesterol;

(11)  Reduction of high density lipoprotein (HDL), low density lipoprotein (LDL), very

low density lipoprotein (VLDL), and/or triglycerides;

(i1}  Reduction of fasting blood ghucose levels;

(iv}  Reduction of fat mass levels;
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(v) Reduction of hepatic glucose production;

{(vi})  Reduction of fat cell lipolysis;

{vil) Reduction of hyperinsulinemia;

(viit} Reduction of liver steatosis;

(ix}  Improvement in glucose metabolism;

{(x)  Increase in insulin sensitivity; and/or,

{(xi}  Preventing islet B-cell death, dysfunction, or loss.

Other features and advantages of the invention will be apparent from the following

detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 -8 are further discussed in Example 1 below.

FIG. 1A is a table listing the binding affinities (KD(M)) of anti-aP2Z monoclonal
antibodies (CA33, CA13, CAlS5, CA23, and H3} to human and mouse aP2 as determined by
biomolecular interaction analysis, using a Biacore T200 system.

FIG. 1B 15 a schematic describing the in vivo study design and antibody regimen for the
treatment of obese mice (fed a high-fat diet (HFD)) with vehicle or anti-aP2 antibodies. Mice (21
weeks old) were fed HFD for 15 weeks prior to antibody administration (n=10 for each group).
Anti-aP2 antibodies were administered by subcutaneous injection at a concentration of 33 mg/kg,
twice per week,

FIG. 1C is a bar graph showing plasma insulin levels (ng/ml) at week O {open bars) or
week 4 (solid bars) in mice treated with vehicle or anti-aP2 monoclonal antibodies CA33, CAL3,
CA15, CA23, or H3. * p < 0.05.

FIG. 1D is bar graph showing blood glucose levels {(mg/dl) at week 0 (open bars) or week
4 (solid bars) in obese mice on a high-~fat diet (HFD) treated with vehicle or anti-aP2 monoclonal
antibodies CA33, CAIL3, CALS5, CA23, or H3. Blood glucose levels were measured after 6 hours
of day-time food withdrawal. * p <0.05, ** p <0.01.

FIG. 1E 1s a line graph showing glucose levels (mg/dl) vs. time (minutes) during a
glucose tolerance test (GTT). The test was performed after 2 weeks of treatment in obese mice
on HFD with vehicle (diamonds) or anti-aP2 monoclonal antibodies {(0.75g/kg ghucose}(CA33;

squares {(CALS; triangles). * p < 0.05.
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FIG. 1F is a line graph showing insulin levels {(mg/dl) vs. time (minutes) during an
insulin tolerance test (ITT). This test was performed after 3 weeks of treatment in obese mice on
HFD with vehicle (diamonds) or anti-aP2 monoclonal antibodies (0.75 1U/kg insulin) (CA33,
squares) {CA135; triangles). ** p <0.01.

FIG. 1G is a bar graph showing body weight (g} at week 0 (open bars} or week 4 (solid
bars) in mice treated with vehicle or anti-aP2 monoclonal antibodies CA33, CA13, CAlS, CA23,
or H3. Weight was measured in the fed state. * p <0.0S5.

FIG. 2A is a bar graph of the signal interaction (nm) as determined by octet analysis for
the anti-aP2 antibodies CA33 and H3 against aP2 (black bars) compared to the related proteins
FABP3 (gray bars}) and FABP5/Mall (light gray bars).

FIG. 2B is a bar graph of plasma aP2 levels (ng/ml) as determined by ELISA in HFD-fed
mice treated with vehicle, CA33, or H3 for 3 weeks (n=10 mice per group). Mice had been on
HFD for 12 weeks before the experiment was initiated. A Western blot to detect aP2 in serum
from three mice from each group (vehicle, CA33, or H3) is shown in the inset. ** p <0.01.

FIG. 2C is a table of antibody crossblocking of H3 vs. CA33, CA13, CA15, and CA23 as
determined by Biacore analysis. ++ = complete blocking; + = partial blocking, - = no
crossblocking,

FIG. 2D shows the epitope sequence of aP2 residues involved in the interaction with
CA33 and H3, as identified by hydrogen-deuterium exchange mass spectrometry (HDX).
Interacting residues are underlined.

FIG. 2E 1s a superimposed image of the Fab of CA33 co-crystallized with aP2 and the
Fab of H3 co-crystallized with aP2.

FIG. 2F is a high resolution mapping of CA33 epitope on aP2. Interacting residues in
both molecules are indicated. Hydrogen bonds are shown as dashed lines. The side chain of K10
in aP2 forms a hydrophobic interaction with the phenyl side chain of Y92

FIG. 2( is a line graph showing paranaric acid binding to aP2 (relative fluorescence} vs.
pH in the presence of 1gG control antibody (circles) or CA33 antibody (squares).

FIG. 2H is a graph showing CA33 binding to aP2 (resonance units} vs. time (seconds) in
response to increasing concentrations of lipid-loaded aP2.

FIG. 21 is a graph showing CA33 binding to aP2 (resonance units) vs. time (seconds) in

response to increasing concentrations of de-lipidated aP2.
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FIG. 3A is a bar graph showing fasting blood ghucose {mg/dl} in HFD-induced obese
aP2-/- mice before (open bars) and after CA33 antibody or vehicle treatment for three weeks
{(solid bars).

FIG. 3B is a bar graph showing body weight (g} in HFD-induced ohese aP2-/- mice
before {open bars) and after CA33 antibody or vehicle treatment for three weeks (solid bars).

FIG. 3C is a line graph showing glucose levels (mg/dly in HFD-induced obese aP2-/-
mice vs. time (minutes) during a glucose tolerance test (GTT). The test was performed after 2
weeks of vehicle (triangles) or CA33 antibody treatment (squares) in aP2-/- mice.

FIG. 3D 1s a bar graph showing body weight (g) in ob/ob mice before (open bars) and
after (solid bars) 3 weeks of CA33 antibody or vehicle treatment (n=10 mice per group). ** p <
0.01.

FIG. 3E is a bar graph showing fasting blood glucose levels (mg/dl) in ob/ob mice before
{open bars) and after (solid bars) 3 weeks of CA33 antibody or vehicle treatment (n=10 mice per
group). ** p <0.01.

FIG. 3F is a bar graph showing plasma insulin levels {(ng/ml) in ob/ob mice following
three weeks of vehicle (open bar) or CA33 antibody treatment (solid bar). ** p <0.01.

FIG. 3G 1s a line graph showing glucose levels (mg/dl} in ob/cb mice vs. time (minutes)
during a glucose tolerance test (GTT) The test was performed after 2 weeks of vehicle
{triangles) or CA33 antibody treatment {squares) in aP2-/- mice. * p <0.05.

FIG. 4A 1s a representative image of hematoxylin and eosin (H&E) stained liver from
HFD-induced obese mice after 5 weeks of treatment with vehicle or CA33. Scale bar is 50pum.

FIG. 4B is a bar graph of liver triglyceride (TG} content (mg/g of tissue} in HFD-induced
obese mice after 5 weeks of treatment with vehicle (open bar) or CA33 antibody (solid bar). * p
<G.05.

FIG. 4C is bar graph showing mRINA expression of lipogenic genes stearoyi-CoA
desaturase (Scdl), fatty acid synthase (Fasn} and acetyl-CoA carboxylase {(Accl) in liver
samples from HFD-induced cbese mice after 5 weeks of vehicle (black bars) or CA33 treatment
{gray bars). ** p <0.0L

FIG. 4D is a bar graph showing levels of plasma nonesterified fatty acid (NEFA) (img/ml)
in HFD-induced obese mice after 5 weeks of vehicle (open bary or CA33 treatment (solid bar).

B p <001
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FIG. 4F is a bar graph showing levels of plasma glycerol (mg/ml) in HFD-induced obese
mice after 5 weeks of vehicle (open bar) or CA33 treatment (solid bar). * p <0.05

FI(G. 4F 1s a bar graph showing levels of plasma total cholesterol {mg/dl) in HFD-induced
obese mice after S weeks of vehicle (open bar) or CA33 treatment (solid bar).* p < 0.05.

FIG. 4G is a bar graph showing levels of plasma triglycerides (mg/dl) in HFDB-induced
obese mice after 5 weeks of vehicle (open bar) or CA33 treatment (solid bar).

FIG. 4H is a bar graph showing levels of plasma FABP3 or FABPS (Mall) (ng/ml) o
HFD-induced obese mice after 5 weeks of vehicle (open bar) or CA33 treatment {solid bar).

FIG. 41 1s a bar graph showing levels of plasma glucagoun (pg/ml) in HFD-induced obese
mice after 5 weeks of vehicle {open bar) or CA33 treatment (solid bar).

FIG. 47 s a bar graph showing levels of plasma adiponectin (pg/mi} in HFD-induced
obese mice after 5 weeks of vehicle (open bar) or CA33 treatment (solid bar).

FIG. SA 1s a bar graph of body fat mass (g} (open bar) and lean mass(g) (gray bar) as
determined by dual-energy X-ray absorptiometry (DEXA) after 5 weeks of vehicle or CA33
treatment. (n=10 per group). * p < 0.05.

FIG. 5B is a bar graph showing liver weight (g) and % body weight of obese mice after 5
weeks of vehicle (open bars) or CA33 treatment (solid bars). ** p <0.01.

FIG. 5C is a bar graph showing physical activity (activity units — AU} for mice in the
light or in the dark after 5 weeks of vehicle {(open bars) or CA33 treatment (solid bars).

FIG. SD is a bar graph showing total food intake (g) in obese mice after 5 weeks of
vehicle (open bar) or CA33-treated mice (solid bary on HFD (n=8 per group).

FIG. 5E is a bar graph showing VO2 concentrations by volume during the light and dark
periods in mice treated with CA33 {solid bar) for eight weeks compared to vehicle (open bar}.

FIG. 5F is a bar graph showing calculated Respiratory Exchange Ratio (RER) during
fight and dark periods in mice treated with CA33 (solid bar) for eight weeks compared to vehicle
{open bar}.

FIG. 5G is a bar graph showing the weight of brown adipose tissue (BAT) 1o muce treated
with CA33 (solid bar) for eight weeks compared to vehicle {open bar).

FIG. SH shows representative H&E stained sections of BAT in mice following treatment

with CA33 (solid bar} for eight weeks compared to vehicle (open bar).
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FIG. 51is a bar graph showing the weight of perigonadal white adipose tissue (PGWAT)
in obese mice after 5 weeks of vehicle (open bar) or CA33-treated mice (solid bar). ** p <0.01.

FIG. 5] is a representative image of hematoxylin and eosin (H&E) stained epididymal
adipose tissue after 5 weeks of treatment with vehicle (left image) or CA33 (right image). Scale
bar is 200um.

FIG. 5K 1s a bar graph showing F4/80+ Mac cells (%) in adipose tissue determined by
FACS after 5 weeks of vehicle {open bar) or CA33-treated mice (solid bar).

FIG. 5L 15 a bar graph showing CD11b+ celis (%) in adipose tissue determined by FACS
analysis after 5 weeks of vehicle {open bar) or CA33-treated mice (solid bar).

FIG. 5M is a bar graph showing mRNA levels (mRNA/Tbp) for TNF, IL-1B, 1L-6,
CCL2, CXCL1, F4/80 or CD68 in perigonadal white adipose tissue (PG-WAT) after 5 weeks of
vehicle (open bar) or CA33-treated mice (solid bar).

FIG. 5N 1s a Western blot showing adipose tissue aP2Z/FABP4 protein levels in mice
treated with vehicle or CA33 for 3 weeks. Adipose tissue samples tfrom aP2-/-, mall-/- and
aP2/mall-/~ animals were included as protein controls. B-tubulin is shown as a loading control.

FIG. 50 1s a Western blot showing adipose tissue Mall/FABPS protein levels in mice
treated with vehicle or CA33 for 3 weeks. Adipose tissue samples from aP2-/-, mall-/-, and
aP2/mall-/- animals were included as protein controls. B-tubulin is shown as a loading control.

FIG. SP is bar graph of relative protein levels for either aP2 or mall in mice treated with
vehiclte or CA33 for 3 weeks. The results shown in Figure 5P quantity the Western blots shown
in Figures SN and 50.

FIG. 6A is a bar graph showing mRNA expression of gluconeogenic genes
phosphoenolpyruvate carboxykinase 1 (Pckl) and glucose-6-phosphatase (G6pc). Liver samples
were collected after © hours of day-time food withdrawal from obese mice treated with vehicle
{open bars) or CA33 (solid bars) (n=10 for each group) for 4 weeks. * p <0.05.

FIG. 6B 1s a bar graph showing enzymatic activity of Pckl (nM/min/g) in liver samples.
Liver samples were collected after 6 hours of day-time food withdrawal from obese mice treated
with vehicle {open bars) or CA33 (solid bars) (n=10 for each group) for 4 weeks. * p <0.0S.

FIG. 6C is a bar graph showing enzymatic activity of glucose-6-phosphatase (G6pc)
(U/mg) in liver microsomal fraction for mice treated with vehicle (open bars) or CA33 (solid

bars) {n=10 for each group) for four weeks. * p <0.05.
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FIG. 6D is a line graph showing blood glucose (mg/dl) vs. time during hyperinsulinemic-
euglycemic clamp. Clamp studies were performed 1o obese roice on a high-fat diet (HFD) after
five weeks of treatment with vehicle (diamonds} or CA33 (squares) {n=7 for each group).

FIG. oF is a bar graph showing glucose infusion rate {GIR) {mg/kg/min) in obese mice
on a high-fat diet (HFD) after five weeks of treatment with vehicle {open bar} or CA33 (solid
bar). * p <0.05

FIG. 6F is a bar graph showing clamp hepatic glucose production (¢c-HGP) (mg/kg/min)
in obese mice on a high-fat diet (HFD} after five weeks of treatment with vehicle {open bar) or
CA33 (solid bar).* p < 0.05.

FIG. 6G s a bar graph showing the rate of whole body glucose disappearance (RDD)
{mg/kg/min} in obese mice on a high-fat diet (HFD) after five weeks of treatment with vehicle
{open bar) or CA33 (solid bar). * p <0.05.

FIG. 6H 13 a bar graph showing glucose uptake in triceps surae muscle (mg/kg/min) in
obese mice on HFD after five weeks of treatment with vehicle (open bar) or CA33 (solid bar), *
p<0.05.

FIG. 6l is a bar graph showing whole body glycolysis in obese mice on a high-fat diet
(HFD) after five weeks of treatment with vehicle (open bar) or CA33 {solid bar). * p <0.05.

FIG. 7A is a line graph showing glucose levels (mg/dl) vs. time (minutes) in a glucose
tolerance test {(GTT) following two weeks of selective antibody treatment using high affinity
antibodies (CA13, CA1S, CA23, and H3) versus vehicle control.

FIG. 7B 1s a line graph showing glucose levels (mg/dly vs. time (minutes) in an nsulin
tolerance test {ITT) following three weeks of selective antibody treatment using high affinity
antibodies (CA13, CA1S, CAZ3, and H3) versus vehicle control.

FIG. 8A is a bar graph showing basal hepatic glucose production (mg/kg/min) in vehicle
control {open bar) or CA33 (solid bar) treated mice during hyperinsulinemic-euglycemic clamp
of HFD-mice.

FIG. 8B is a bar graph showing serum insulin levels (ng/ml}) in CA33 mice (solid bars) or
vehicle control mice (open bars) during hyperinsulinemic-euglycemic clamp of HFD-mice. ** p

<0.01.
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FIG. 8C is a bar graph showing glucose uptake (mg/ke/min) in gonadal white adipose
tissue (GWAT) in vehicle control (open bar) or CA33 treated (solid bar) muce during
hyperinsulinemic-englycemic clamp of HFD-mice.

FIGS. 9-16 are further discussed in Example 2 below.

FIG. 9 is a line graph illustrating diabetes incidence (%) vs. time {weeks of treatment) in
the NOD mouse model for Type 1 Diabetes. NOD mice were treated with vehicle (diamonds) or
the aP2 monoclonal antibody CA33 (squares).

FIG. 10A is a line graph illustrating death rate (%6} vs. time {weeks of treatment) in the
NOD mouse model for Type 1 Diabetes. NOD mice were treated with vehicle (diamonds) or the
aPZ monoclonal antibody CA33 (squares).

FIG. 10B is a bar graph iHustrating blood glucose level {mg/dL) in PBS-treated or aP2-
antibody treated NOD mice following a 6 br fast.

FIG. 10C is a line graph illustrating insulin level (ng/mL) in PBS-treated or aP2-antibody
treated NOD mice following a 6 hr fast.

FIGS. 11A and 11B: NOD aP2™" and NOD aP2” mice were subjected to glucose
tolerance test (GTT) (FIG. 11A) and insulin tolerance test (JTT) (FIG. 11B).

FIG. 12A is a bar graph showing insulin (ng/ml/ug DNA) secretion from NOD aP2™" and
NOD aP27 mice islets after stimulation with either low or high glucose.

FIGS. 12B and 12C: illustrates bar graphs showing total insulin (ng/ml/ug DNA) content
from isolated islets of four (FIG. 12B) and seven (FIG. 12C) week old NOD aP2™" (left bar) and
NOD aP27 mice (right bar).

FIG. 13 illustrates the number of islets visible in NOD aP2” mice compared to NOD
aP2"" mice following pancreatic dissection.

FIGS. 14A and 148: illustrates stained beta cells (FIG. 14A), which were subsequently
quantified (FIG. 14B) in NOD aP2™"" and NOD aP2” mice.

FIGS. 15A-15C: illustrates bar graphs showing glucose-stimulated insulin (ng/mi/ug
DNA) secretion from either a rat insulinoma beta cell hine (INS1) (FIG 15A), aP2-deficient
¢57b/6 mice (Mouse Islets) (FIG. 15B), or human islets (FIG. 15C) after stimulation with either
fow or high glucose.

FIG. 15D illustrates that aP2 is taken up into mouse islets after 20 minutes of treatment

with 10 ug/ml aP2 (n=5).
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FIGS. 15E and 15F: bar graphs showing insulin (ng/ml/ug DNA} secretion following aP2
treatroent for 24 hrs under “fasting”conditions from either INS1 beta cells (FIG. 15E) or primary
islets isolated from aP2” mice (FIG. 15F) after stimulation with either low or high glucose.

FIG. 16 is a diagram of an inducible model of Type 1 diabetes in mice (rat insulin
promoter — lymphoeytic chortomeningitis virus — glycoprotein, or RIP-LCMV-GP, mice). Mice
are injected with LCMYV, which leads to destruction of B-cells and the development of diabetes.

FIG. 17 is a schematic showing an aP2-antibody administration schedule in a Type 1
diabetes-induced mouse model (RIP-LCMV-GP mice) in a group of aP2-/~ (Group C) and aP2-
normal mice injected twice weekly with either 33 mg/kg of CA33 (Group B) or PBS control
{Group A} and fed a normal chow diet.

FIG. 18 is a line graph showing 6-hour fasting blood glucose measurements (mg/dl} vs.
time {days} in a Type 1 diabetes-induced mouse model (RIP-LCMV-GP mice} in a group of
aP2-/- (triangles) and aP2-normal mice injected twice weekly with either 33 mg/kg of CA33
{squares) or control (PBS} (circles) and fed a normal chow diet. CA33 treated and aP2 deficient
animals had significantly lower fasting blood glucose after LCMVY administration compared to
vehicle treated animals. * p <0.08, ** p < 0.01, *** p < 0.005.

FIG. 19 1s a bar graph showing incidence of Type 1 diabetes in a Type 1 diabetes-induced
mouse model (RIP-LCMV-GP mice) in a group of aP2-/- (triangles) and aPZ-normal mice
injected twice weekly with either 33 mg/kg of CA33 (squares) or control (PBS) {circles) and fed
a high fat diet. Diabetes was defined as a 6-hour fasting blood glucose measurement greater than
250 mg/dl. CA33 treatment provided protection against development of type 1 diabetes in the
RIP-LCMV-GP model sinular to that observed in aP2 genetically deficient animals,

FIG. 20A is a bar graph showing islet infiltration (%, non-insulitis {open bars), peri-
insulitis (checkered bars}; mild insulitis {gray bars}); severe insulitis (black bars})) in GP+ control
mice, GP+ aP2-/- mice, or GP+ mice treated with CA33, 14 days after injection with LCMV.
Mice were treated with 1.5 mg CA33 or vehicle by injection twice weekly, starting 14 days prior

to LCMYV infection. Tosulitis scoring was performed on H&E stained pancreatic sections. Each

o won

islet was scored as either "non-insulitis," "peri-insulitis,” "mild insulttis” or "severe insulitis.”
The bar graph represents the percentage of each islet type in each animal analyzed.
FIG. 20B is a representative picture of an islet showing little to no insulitis.

FIG. 20C 15 a representative picture of an islet showing severe insulitis.
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FIG. 20D is a bar graph showing islets with mild insulitis (%6} in GP+ control mice, GP+
aP2-/- mice, or GP+ wice treated with CA33, 14 days after injection with LCMV. Mice were
treated with 1.5 mg CA33 or vehicle by injection twice weekly, starting 14 days prior to LCMV
infection. * p<0.0S; ** p<0.01.

FIG. 20E is a bar graph showing islets with severe insulitis (%) in GP+ control mice,
GP+ aP2-/- mice, or GP+ mice treated with CA33, 14 days after injection with LCMV. Mice
were treated with 1.5 mg CA33 or vehicle by injection twice weekly, starting 14 days prior to
LCMY infection. ** p<0.01; *** p<0.005.

FIG. 21A 1s a series of representative images of 1slets stained for ATF6 (left column) or
XBP1 (right column) in GP+ control mice, GP+ aP2-/- mice, or GP+ mice treated with CA33, 14
days after injection with LCMV. Mice were treated with 1.5 mg CA33 or vehicle by injection
twice weekly, starting 14 days prior to LOMYV infection.

FIG. 21B 15 a bar graph showing ATF6 levels (relative tfluorescence intensity, RFI) in
pancreatic samples from GP+ control mice, GP+ aP2-/~ mice, or GP+ mice treated with CA33,
14 days atter injection with LCMV. Mice were treated with 1.5 mg CA33 or vehicle by injection
twice weekly, starting 14 days prior to LCMYV infection. ** p<0.01; *** p<0.005.

FIG. 21C is a bar graph showing sXBP1 levels (relative fluorescence intensity, RFI) in
pancreatic samples from GP+ control mice, GP+ aP2-/- mice, or GP+ mice treated with CA33,
14 days atter injection with LCMV. Mice were treated with 1.5 mg CA33 or vehicle by injection
twice weekly, starting 14 days prior to LCMV infection. ** p<0.01; *** p<0.005.

FIGS. 22 - 26 are further discussed in Example 3 below.

FIG. 22A 1s table providing the antibody dose {jg) and injection volume {ul} calculations
to achieve a 33 mg/ke dosage based on average body weight of the ApoE knockout mice
{atherosclerosis mouse model} at the indicated time points {weeks).

FIG. 22B 1s a graph showing atherosclerotic lesion area (%) 1o ApoE knockout mice
treated with PBS (circles), CA33 (squares), or CA1S (triangles). Aortas from sacrificed ApoE
knockout mice were dissected from the proximal aorta to the thiac bifurcation, and the aortae
were pinned out in an en face preparation. En face pinned-out aortas were stained with Sudan
IV, Quantitation of lesion areas was achieved using Imagel software developed at the NIH. The

outer perimeter of the pinned out aorta was defined in the software to establish the total area of
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the aorta as a white background. The percent area of the lesions stained red with Sudan IV was
then measured and calculated by the software. * p < 0.05.

FIG. 22C is a representative tmage of an en face pinned aorta from an ApoE knockout
mouse fed western diet and treated with vehicle for twelve weeks.

FIG. 22D 1s a representative image of an en face pinned aorta from an ApoE knockout
mouse fed western diet and treated with CA33 (33 myg/kg) for twelve weeks.

FIG. 22E 1s a representative image of an en face pinned aorta from an ApoE knockout
mouse fed western diet and treated with CA15 (33 mg/kg) tor twelve weeks.

FIG. 22F 1s a hine graph showing average body weight {(g) of ApoE knockout mice vs.
age (weeks old}) in mice treated for twelve weeks with PBS (circles), CA33 (squares), or CA1S
(triangles). ApoE knockout mice were fed western diet and treated with vehicle or antibody (33
mg/kg) for twelve weeks.

FIG. 22G illustrates aP2 protein expression in adipose tissue of aP2%77 mice.

FIGS. 22H-221: are bar graphs showing the level of aP2 (ng/ml} (FIG. 22H), triglyceride
(mg/dly (FIG. 22I), and cholesterol {mg/dl) (FIG. 22J) in ApoE™”aP2w*" and ApoE " aP 2w
mice after 12 weeks of western diet.

FIG. 22K is a bar graph showing the atherosclerotic lesion area in ApoE”aP2*?*" and
ApoEaP 240" mice.

FiG. 221 is a representative image of an en face pinned aorta from ApoE” aP2%%*" and
ApoE"aP 27" mice fed western diet for 12 weeks.

FIG. 23A is a bar graph showing average body weight (g) of ApoE knockout mice treated
for twelve weeks with PBS (black bar), CA33 (hight grav bar), or CA1S {(gray bar). ApoE
knockout mice were fed western diet and treated with vehicle or antibody (33 mg/kg) for twelve
weeks. CA33-treated mice show a statistically significant lower average body weight than
vehicle treated mice. * p <0.05.

FIG. 23B is a bar graph showing liver weight (g) of ApoE knockout mice treated for
twelve weeks with PBS (black bar), CA33 (light gray bar), or CA1S (gray bar). ApoE knockout
mice were fed western diet and treated with vehicle or antibody (33 mg/ke) for twelve weeks.
CA33 treated mice show a statistically significant lower average liver weight than vehicle treated

mice. * p < (.05
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FIG. 23C is a bar graph showing body weight minus liver weight (g) of ApoE knockout
mice treated for twelve weeks with PBS (black bar), CA33 (light gray bar), or CA1S (gray bar).
ApcE knockout mice were fed western diet and treated with vehicle or antibody (33 mg/ke) for
twelve weeks. CA33 treated mice show a lower average body weight minus liver weight than
vehicle treated mice.

FIG. 23D 1s a bar graph showing average body weight, lean mass, or fat mass (g) of
ApokE kunockout mice treated for twelve weeks with PBS (black bar), CA33 (light gray bar), or
CA1S (gray bar). ApoE knockout mice were fed western diet and treated with vehicle or
antibody (33 mg/kg) for twelve weeks and body weight, lean mass, and fat mass were measured
by dual X-ray absorbance (DEXA} spectroscopy.

FIG. 24A 15 a bar graph of fasting basal glucose levels (mg/dl} prior to a glucose
tolerance test in ApoE knockout mice treated with PBS (black bar), CA33 (light gray bar), or
CA1S (gray bar). ApoE knockout mice were fed western diet and treated with vehicle or
antibody (33 mg/kg) for twelve weeks. CA33-treated mice have statistically significant lower
fasting blood glucose than vehicle treated mice. * p < 0.05.

FIG. 24B is a line graph of glucose levels (mg/dl) vs. time (minutes) during a glucose
tolerance test in ApoE knockout mice treated with PBS (triangles), CA33 (squares), or CAlS
(circles). ApoE knockout mice were fed western diet and treated with vehicle or antibody (33
mg/kg) for twelve weeks. The glucose tolerance test was performed by oral glucose
administration (1.0 g/kg) on conscious mice after an overnight (16 h) fast.

FIG. 25A 1s a bar graph of cholesterol in lipoprotein fractions (mg/dl) {total lipoprotein,
very low-density lipoprotein (VLDL), low-density lipoprotein (LDL), or high-density lipoprotein
{(HDBL)) in ApoE knockout mice treated with PBS (triangles}, CA33 (squares), or CA1S (circles)
for six weeks. Particle size distribution of the lipoproteins was determined by fast-performance
fiquid chromatography (FPLC), using pooled samples of plasma. * p <0.0S.

FIG. 258 is a bar graph of cholesterol in lipoprotein fractions {mg/dl) (total lipoprotein,
very low-density lipoprotein (VLDL), low-deusity lipoprotein (LDL), or high-density lipoprotein
{(HDBL)) in ApoE knockout mice treated with PBS (triangles}, CA33 (squares), or CA1S (circles)
for twelve weeks. Particle size distribution of the lipoproteins was determined by fast-

performance liquid chromatography (FPLC), using pooled samples of plasma. * p <0.05.
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FI(G. 26A 15 a bar graph of triglycerides in lipoprotein fractions (mg/dl} (total lipoprotein,
very low-density lipoprotein (VLDL), low-density lipoprotein (LDL), ot high-density lipoprotein
(HDL)) in ApoE knockout mice treated with PBS (triangles), CA33 (squares), or CA1S5 (circles)
for six weeks. Particle size distribution of the lipoproteins was determined by fast-performance
figuid chromatography (FPLC), using pooled samples of plasma. * p <0.05.

FIG. 26B is a bar graph of triglycerides in lipoprotein fractions (mg/dl) (total lipoprotein,
very low-density lipoprotein (VLDL), low-density lipoprotein (LDL), ot high-density lipoprotein
(HDL)) in ApeoE knockout mice treated with PBS (triangles), CA33 (squares), or CA15 (circles)
for twelve weeks. Particle size distribution of the lpoproteins was determined by fast-
performance liquid chromatography (FPLC), using pooled samples of plasma. * p <0.05.

FIGS. 27-28 are turther discussed in Example 4 below.

FIG. 27 provides anti-human aP2 humanized kappa light chain variable region antibody
fragments, wherein the 909 sequence is rabbit variable light chain sequence, and the 909 gb i,
gl 10, gl.13, gL.50, gl.54, and gl.55 sequences are humanized grafts of 909 varnable light chain
using IGKV1-17 human germline as the acceptor framework. The CDRs are shown in
bold/underlined, while the applicable donor residues are shown 1n bold/italic and are highlighted:
2V, 3V, 63K and 70D. The mutation in CDRL3 to remove a Cysteine residue 1s shown in
bold/underlined and 15 highlighted: 90A.

FIG. 28 provides anti-human aP2 humanized heavy chain variable region antibody
fragments, wherein the 909 sequence is rabbit variable heavy chain sequence, and the 909gH]1,
gH14, gH15, gH61, and gHO2 sequences are humanized grafts of 909 variable heavy chain using
IGHV4-4 human germline as the acceptor framework. The CDRs are shown in bold/underlined.
The two residue gap in framework 3, in the loop between beta sheet strands D and E, is
highlighted in gH1: 75 and 76. Applicable donor residues are shown in bold/italic and are
highlighted: 23T, 67F, 71K, 72A, 738, 747, 77T, 78V, 79D, 89T, and 91F. The mutation in
CDRH2 to remove a Cysteine residue 1s shown in bold/underlined and is highlighted: 595, The
mutation in CDRH3 to remove a potential Aspartate isomerization site is shown in
bold/underlined and is highlighted: 98E. The N-terminal Glutamine residue is replaced with
Glutamic acid, and is shown in bold and highlighted: 1E.

FIGS. 29-31 are further discussed in Example S below.

A
W
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FIG. 29 is an illustration representing key contact points between aP2 and a murine
derived anti-aP2 antibody. As 15 shown in the figure, substitution of particular amino acid
residues with CDR regions of the heavy and light chains resulted in a reduction in the affinity of
the altered antibodies in comparison with the parent antibody H3.

FIG. 30A provides amino acid substitutions for inducing a reduction in binding affinity in
a murine derived anti-aP2 antibody compared to the parent antibody H3, where gl = wild-type
parent H3. Binding affinities (uM) are shown for CA33 and two reduced affinity H3-like
antibodies.

FIG. 30B provides the protein sequence of the heavy chain detailing the amivo acid
substitutions for inducing a reduction in binding aftinity in a murine derived anti-aP2 antibody
compared to the parent antibody H3, where g1 = wild-type parent H3. The CDRs are underlined
and the amino acid substitutions are shown in bold.

FIG. 30C provides the protein sequence of the light chain detailing the amino acid
substitutions for inducing a reduction in binding affinity in a murine derived anti-aP2 antibody
compared to the parent antibody H3, where gl = wild-type parent H3. The CDRs are underlined
and the amino acid substitutions are shown in bold.

FIG. 31 is a teble indicating affinity data against human and mouse aP2 for murine
derived anti-aP2 antibodies that have been mutated to reduce binding affinity. Binding atfinities
{KD} are shown for two clones for each antibody (APPS168/PB1172 and APPS109/PB1171) and
average binding affinity (KD) 1s shown (uM).

FIGS. 32 — 46 are turther discussed in Example 6 below.

FIG. 32 illustrates that aP2 regulates gluconeogenic gene expression in a FoxOl-
dependent manner. Primary hepatocyies were incubated with or without 50 pg/ml of aP2 in the
presence or absence of 2 pM forskolin (fsk) for 3h (FIGS. 32A, 328, 32C, 32D, and 32E} or 6h
(FIG. 32F). FIGS. 32A and 328 show the impact of forskolin stimulation on the etfect of aP2 on
gluconeogenic gene expression {GOpe and Pckl respectively) in hepatocytes, as well as the role
of aP2 lipid binding in this process (n=4). mut: lipid binding mutaot, delip: delipidated aP2, WT:
lipid-foaded aP2. FIG. 32C illustrates the screening of transcription factors by siRNA mediated
knockdown and the effect on forskolin and aP2-stimulated Gépc expression (n=4}. FIG. 32D
illustrates the effect of adenovirus-mediated FoxQO1 knockdown on aP2Z-mediated Gépe

expression (n=4}. FIG. 32E illustrates the knockdown efficiency at protein levels for FoxO1.

N
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FIG. 32F illustrates the effect of aP2 stimulation of FHRE luciferase activity in primary
hepatocytes (n=6). FIG. 32G illustrates glucose production from hepatocytes following
adenovirus-mediated Fox(O1 knockdown and aP2 stimulation {(n=5). Data are expressed as the
mean = SEM. * ** and NS denote p < 0.0S, p < 0.01 and no significant difference, respectively,
determined by Student’s t-test.

FIG. 33 illustrates that aP2 alters fatty acid metabolism to regulate gluconeogenic gene
expression. FIGS. 33A and 33B show the tabulated results for Gépe and Pckl expression,
respectively, from primary hepatocytes preincubated with vehicle or 50 uM Etomoxir for 30 min
and stiraulated with 50 pg/ml of aP2 in the presence or absence of 2 uM of forskolin (fsk) for 3 h
{n=4). FIGS. 33C and 33D show the results obtained when primary hepatocytes were stimulated
with 50 pg/ml of aP2 for 2 h, and stimulated with 150 uM palmitate (FIG. 33C) or 150 pM
oleate (FI(. 33D) for the indicated amount of time to measure oxygen consumption rate (OCR,
FIG. 33C, n=6) or fatty acid uptake (FIG 33D, n=5). FIGS. 33E and 33F illustrate the mRNA
fevels obtained for G6pc and Pckl, respectively, when primary hepatocytes were stimulated with
50 pg/mi of aP2 for 2 h and the cells were further stimulated with 50 pyg/ml of aP2 in the
presence or absence of 2 M of forskolin (fsk)/100 uM palmitate for 3 h (n=4). FIGS. 33G and
33H illustrate the mRNA levels obtained for Gope and Pckl, respectively, when primary
hepatocytes were preincubated with S uM Triacsin C for 30 min and further treated as in FIG.
33D with or without the same concentrations of Triacsin C (n=4). FIG. 331 illustrates the level
of nuclear fatty acyl-CoA (pmol/10° cells) in primary hepatocytes after they were treated with
either vehicle or aP2. Data are expressed as the mean = SEM. *, ** and N§ denote p <0.05, p <
0.01 and no significant difference, respectively, determined by Student’s t-test.

FIG. 34 demonstrates the existence of a novel FoxO1/CiBP2 transcriptional complex
regulated by aP2. Primary hepatocytes were stimulated with 50 yg/ml of aP2 (FIGS. 34 A, B, H,
1., M and N} in the presence or absence of 2 uM of forskolin (fsk) for 3 h (FIGS. 34 A and B) or
90 min (FIGS. 34 H, K, M and N}. FIGS. 34A and 34B show the effects of adenovirus-mediated
CtBP1 and CtBP2 knockdown on aP2-induced expression of Gépce and Pckl, respectively (n=4).
FIG. 34C shows the PxBLS-like motifs in human and mouse Fox() sequences as indicated by the
rectangles. FIG. 34D and 34E show endogenous Fox(O1/CtBP complex in primary hepatocytes
shown by reciprocal cotmmunoprecipitation of CtBP or FoxOl, respectively. FIGS. 34F and

34G illustrate the critical role of the PXDL motif in the FoxOU/CtBP2 complex. HEK293 cells
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were transfected with either control plasmid, FLAG wild-type FoxO1 or mutant FLAG-FoxO!1
(Mut: PSDL>PSAS, Apsdl: PxDL motif deletion) along with CtBP2 expression plasrmd. The
complexes were itmmunoprecipifated with FLAG agarcse beads. FIG 34H shows the
dissociation of native FoxO1/CtBP2 complex by aP2 treatment. The endogenous FoxO1/CtBP2
complex was tmmunoprecipitated from primary hepatocytes. FIGS. 341 and 34) show the
nutrient sensing capability of FoxO1/CtBP2 complex. HEK293 cells were transfected with
FLAG wild-type Fox(O1 and CiBP2. Increasing concentrations of either oleoyl-CoA (0, 50, 150,
500 uM) (FIG. 341 or NADH (0, 10, 30, 100 uM) (FIG. 34J) were added to the cell lysates and
immunoprecipitated with FLAG agarose beads. FIG. 34K shows the effect of cytosolic redox
status on FoxO1/CtBP2 complex. HEK293 cells were transfected with FLAG wild-type Fox(O1
and CtBP2 and incubated with different ratios of lactate and pyruvate for 1 h. FIG. 34L
illustrates the effect of forskolin and aP2 treatment on the nuclear/cytoplasmic localization of
FoxOl and CBP2. NE: nuclear extract.  FIGS. 34M and 34N show chromatin
immunoprecipitation (ChiP) analysis (n=4} of FoxO1 or CtBP2Z, respectively, at the Gopc
promoter. Data are expressed as the mean + SEM. * and ** denote p < 0.05 and p < 0.01,
respectively, determined by Student’s t-test.

FIG. 35 shows the fine-tuned regulation of gluconeogenic gene expression by CiBP2.
Primary hepatocytes were stiraulated with vehicle or 2 uM of forskolin (fsk) for 3 h (FIG35 A, D
and E} or 6 h (B, F) after knockdown (A, B} or overexpression (C, D, E, Fyof CtBP2. FIG. 35A
shows the effect of CtBP2 and/or FoxO1 knockdown on Gépe expression (n=53). The y-axis
scale is expanded in the inset to show the data in the absence of fsk more clearly. FIG. 35B
shows FHRE luciferase activity following CtBP2 knockdown (n=8). FIG 35C shows GUS and
CiBP2 overexpression in primary hepatocytes. FIGS. 35D and 35E show the regulation of
gluconeogenic gene expression by CtBP2Z overexpression {(n=4). FIG. 35F shows FHRE
fuciferase activity following CtBP2 overexpression {(n=8). FIG. 35G shows the effect of acute
activation of insulin and cAMP signaling on the FoxOU/CtBP2Z complex. HEK293 celis
transfected with FLAG-FoxO1 and CiBP2 were stimulated with either vehicle, 100 nM insulin
{ins} or 50 uM of forskolin (fsk) for 30 min.

FIG. 36 shows the regulation of the endogenous FoxO1/CtBP2 complex in vive. FIGS.
36A, 300, 36E, 36G, and 36k lLiver homogenates from the following groups of mice were

subjected to co-immunoprecipitaton fo assay the endogenous FoxO1/CtBP2 complex. All mice
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were sacrificed after 4-0 h fasting. The densitometric quantification is shown to the right of each
blot; see FIGS. 36B, 36D, 36F, 36H and 36K. FIGS. 36A and 36B: genetically obese ob/ob
mice and their control lean mice. FIGS 36C and 36D diet-induced obese mice (high fat diet
(HFD) for 16 weeks) and their control lean mice {(normal chow (NC)). FIGS. 36E and 36F: aP2
knockout (KO) or thetr control wild-type {WT) mice on normal chow (NC} or high fat diet
(HFD) for 16 weeks., FIGS 36G and 36H: diet-induced obese mice (HFD) treated with
monocional aP2 antibody (CA33) or vehicle, and control lean mice (NC). FIGS. 361, 36], 36K,
36L, and 36M: recombinant aP2 was administered into wild-type lean mice for 5 days. Serum
aP2 levels (FIG. 361) and FoxO1/CtBP2 complex (FIG. 36) and 36K), gene expression in liver
{FIGS. 36L and 306M) were analyzed (n=4). FIG. 36N shows the results from adenovirus-
mediated knockdown of CiBP2 in the hiver of wild-type lean mice 5 days after transduction
(n=6}. * and ** denote p < 0.05 and p < 0.01, respectively, determined by Student’s t-test.

FIG. 37: CtBP2 gain of function in liver improves glucose tolerance and ameliorates
steatosis in obese mice. CtBP2 was overexpressed in the liver of diet-induced obese mice (14
weeks on the diet) by adenoviral transduction. HFD: high fat diet, NC: normal chow. FIGS. 37A
and 37B tabulate the measurement of body weights and blood glucose levels, respectively, after
overnight fasting (n=4-5). FIGS. 37C, 37D, and 37Q: Dietary induced obese mice transduced
with AAGUS or AJCIBPZ were subjected to glucose tolerance test (GTT, FIG. 37C),insulin
tolerance test {ITT, FIG. 37D}, and pyruvate tolerance test (PTT, FIG. 37Q)n=10-12}). FIGS.
37E, 37F and 37G: Gene expression in liver (n=4-5) for Gépc, Pckl, or Alb mRNA, respectively.
FIG. 37H illustrates representative hematoxvlin and eosin stained sections of liver. FIG. 371
shows tabulated liver triglyceride content (n=10). FIG. 377 shows tabulated serum ALT levels
{n=10). FIGS. 37K, 37L, 37M, 37N, and 370 show Mixipl/Srebfic expression (FIG. 37K and
371} and lipogenic gene expression (FIGS. 37M, 37N and 370) in the liver (n=10}. Mice were
sacrificed after overnight fasting. FIG. 37P 13 a schematic diagram showing a potential
regulatory mechanism. ACSL; acyl-CoA synthetase. Data are expressed as the mean = SEM. ¥,
** and NS denote p < 0.05, p < 0.01 and no significant difference, respectively, determined by
Student’s t-test.

FIG. 38: cAMP stimult amplify aP2-induced gluconeogenic gene expression. FIGS. 38A
and 38B show the G6pc mRNA and Pckl mRNA levels, respectively, from when primary

hepatocytes were stimulated with or without 50 ug/ml of aPZ2 in the absence or presence of 2 uM
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forskolin (fsk} for 3 h {(p=4). The y-axis scale is expanded in the inset to show the data in the
absence of fsk more clearly. In FIGS. 38C and 38D, primary hepatocytes were treated 1o the
same way as in FIG. 38A with or without PKA inhibitor (H89, 20 uM) (n=4};, G6pc mRNA and
Pckl mRNA levels were measured and tabulated. Data are expressed as the mean + SEM. **
denotes p < 0.01 determined by Student’s t-test.

FIG. 39 shows the screening of transcription factor(s) responsible for aP2-mediated
upregulation of gluconeogenic genes. FIGS. 394, 398 and 39C show the knockdown efficiency
at the mRNA level, corresponding to the experiment shown in FIG. 32C (n=4). FIGS. 39D, 39E,
39F and 39G show the screeming of the transcription factor(s) respounsible for aP2-dependent
upregulation of gluconeogenic genes. Primary hepatocytes were treated in the same way as FIG.
32A after knockdown of Hifla, Ppargcla or Stat3 (n=4). FIG. 39H shows Foxe! expression
levels as in Fig. 32 (n=4). Data are expressed as the mean + SEM. * and ** denote p <0.05 and
p < 0.01, respectively, determined by Student’s t-test.

FIG. 40 CtBP2-dependent transcriptional activation by aP2. FIGS. 404, 40B, 40C and
40D show the knockdown efficiency at mRNA and protein levels corresponding to FIG. 34
{n=4). FIGS. 40E, 40F and 40G show the gluconeogenic gene expression in primary hepatocytes
after adenoviral mediated knockdown of HNF4a (n=4). Gene expression profiles for G6pc and
Pckl are shown in FIG. 40E and 40F, respectively, and knockdown efficiency at protein levels 1s
shown in FIG. 40G. Data are expressed as the mean = SEM. * and ** denote p <0.05 and p <
0.01, respectively, determined by Student’s t-test.

FIG. 41 Characterization of the FoxOU/CtBP complex. FIGS. 41A and 41B show the
results of mutagenesis studies for FoxQ/CtBP1 interaction. HEK293 cells transfected with wild-
type FLAG FoxOl (WT) or mutant FoxO1 (Mut: PSDL>PSAS, Apsdl: PxDL motif deletion)
along with CtBP1 expression plasmid were lysed and subjected to co-immunoprecipitation. FIG.
41C shows the results of incubating primary hepatocytes with SO yg/ml aP2 in the presence or
absence of forskolin (fsk, 2 uM} for 2 h and the native FoxOl/CiBP2 complex was
immunoprecipitated.  FIG. 41D shows the cellular lactate/pyruvate ratio. Primary hepatocytes
were treated as in FIG. 33E. FIG. 41E shows immunocytochemistry corresponding to FIG. 34L.
FIG. 41F shows levels of phosphorylation and acetylation of Fox(O1. Primary hepatocytes were

treated with forskolin (fsk, 2 uM} and/or 50 pg/ml aP2 for 30 min.
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FIG. 42 shows the effect of CtBPZ overexpression on the expression of particular genes.
Primary hepatocytes were treated as in Fig. 35D and the gene expression profile was analyzed.

FIG. 43 illustrates the results of the in vivo administration of recombinant aP2.
Recombinant aP2 was administered into wild-type lean mice for 5 days (n=4). FIGS. 43A, 43B,
43C, 43D and 43E show results for body weights before {day () and after intraperitoneal
injections {day S} of aP2, serum levels of insulin, ghucagon, glycerol, and free fatty acids (FFA),
respectively. FIGS. 43F and 43G show the mRNA levels for Pckl and Foxol, respectively, in
wild-type or liver specific FoxOl KO mice treated with recombinant aP2 (n=7-8). Data are
expressed as the mean + SEM. NS denotes no significant difference determined by Student’s t-
test.

FIG. 44. CtBP2 overexpression fm vivo. FIGS. 44A illustrates the protein levels of
overexpression of GUS and CtBP2 in liver. FIGS. 44B illustrates the blood glucose levels
without normalization to the baseline in the ITT study (Fig. 37D, n=10-12). FIG. 44C shows the
serum 1nsulin levels in GUS or CtBP2 overexpressed liver. Data are expressed as the mean +
SEM. * and ** denote p < 0.05 and p < 0.01, respectively, determined by Student’s t-test.

FIG. 4S: Involvement of CtBP2 in the pathogenesis of hepatic steatosis. FIGS. 454,
45B, 45C, 45D, 45E, and 45F show the effect of CtBP2Z overexpression on lipogenic gene
expression in wild-type primary hepatocyies (FIGS. 45A, 458, 45C, and 45D, n=4) or Fox(O1
knockout hepatocytes (FIGS. 45E and 45F, n=5). FIGS. 45G, 45H, 451, and 45J show results
from liver samples analyzed after 14 days of Ad/shCtBP2 transduction in wild-type lean mice.
FIG. 45G shows representative Hematoxylin and Eosin stained liver sections. FIG. 45H shows
liver triglyceride content (n=6). FI1G. 451 and 45J show liver Stearyol-CoA desaturase-1 (Sedi)
and Fatty acid synthase (Fasn) expression {n=0), respectively. Mice were sacrificed after
overnight fasting. Data are expressed as the mean = SEM. * and ** denocte p < 0.05 and p <0.01,
respectively, determined by Student’s t-test.

FIG. 46: Hlustrates that the addition of recombinant aP2 activates FOXO1 translocation
and activity. FIG. 40A illustrates nuclear translocation of FOXO1 in mouse and human islets
treated with 10 ug/mi aP2 for 20 minutes (N=3 mouse islets, N=1 human tslets). FIG 46B
illustrates gene expression changes of FOXO1 target genes in INS1 cells treated with 10 ug/ml

aP2 for 24 brs (N=4/group). FIG. 46C illustrates validation of change in FOXO1 target gene
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expression showing increased VEGFA protein after 24 hr of 10 ug/ml aP2 treatment
{N=3/group).

FIG. 47 1s a line graph of airway resistance (cmH20.s/ml) vs. methacholine {mg/ml)
during a methacholine challenge test in wild type and aP2 knockout mice treated with either

ovalbumin or vehicle.

DETAILED BESCRIPTION OF THE INVENTION

Anti-aP2 monoclonal antibodies and antigen binding agents are provided that have
supertior and unexpected activity for the treatment of aP2-mediated disorders. For example, anti-
aP2 monoclonal antibodies and antigen binding agents are provided that comprise a light chain
or light chain fragment having a varable region, wherein said variable region comprises one,
two, or three UDRs independently selected from Seq. 1D No. 7, Seq. ID No. 8 and Seq. ID No. 9,
Seq. ID No. 10, Seq. ID No. 11, Seq. ID No. 12, and Seq. ID No. 13, Alternatively, one or more
of the disclosed and selected CDRs can be altered by substitution of one or more amino acids
that do not adversely affect or that improve the properties of the antibody or antigen binding
agent, as further described herein. In one embodiment, the selected CDR(5) 1s/are placed in a
human immunoglobulin framework.  In one embodiment, the human immunogliobulin
framework is further modified or altered to maintain the binding atfinity specificity of the grafted
CDR region.

One of the unexpected discoveries disclosed herein 1s that the described antibodies and
antigen binding agents do not tightly bind aP2 protein. Typically, antibodies and other antigen
binding agents are socught that have tight binding affimity (very low KD), as was reported by
Miao, et al. (See Background of the Invention).

Therefore, in another embodiment, it has been discovered that an antibody or antigen
binding agent that binds to aP2 protein in it3 secreted (non-cytosolic) state with a weaker binding
] affinity of KID about > 10”7 M, has an improved ability to neutralize secreted aP2 and cause a
significant inhibitory effect on aP2-mediated disorders when provided in an effective amount to
a host 11 need thereof. Fusrthermore, it has been discovered that the use of a low-affinity binding
anti-aP2 antibody reduces the undesirable effects seen with the use of high affinity anti-aP2

antibodies, for example, weight gain and increased aP2 serum levels.
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The anti-aP2 antibodies and antigen binding agents of the present invention can
alternatively be described by contact points between the antibody or antigen binding agent with
the epitope(s) of the aP2 protein. aP2 is known to have a discontinuous epitope, in which the
amino acids are in close proximity in the folded protein but not close when the protein is
unfolded or stretched out (see WO 2010/102171). Thus, in one embodiment, the anti-aP2
monoclonal antibody or antigen binding agent thereof binds an epitope of human aP2 comprising
one or more, for example 1, 2,3, 4, 5,6, 7, 8, or 9, amuno acid residues selected from 10K, 111,
12V, 1358, 37A, 38K, 57T, 130E, 132A (bolded in Seg. ID No. 1, above), or an amino acid
residue within about 3 or 4 angstroms of any of 10K, 11L, 12V, 138, 37A, 38K, 57T, 130K, and
132A, optionally with a KD for secreted aP2 of about > 107 M. In a particular embodiment, the
antibody has contact with each of these amino acids within a 3 or 4 Angstrom range. In another
embodiment, the antibody or antigen binding agent of the present invention has 3 or 4 Angstrom
range contact with at least 6, 7, or 8 of the listed amino acid residues.

In one embodiment, the anti-aP2 monoclonal antibody or antigen binding agent binds to
aP2 only through, or primarily through, light chain complementarity determining regions
(CDRs). In an alternative embodiment, the anti-aP2 monoclonal antibody or antigen binding
agent has light chain CDRs that bind to aP2 with a greater affinity than its heavy chain CDRs
bind to aP2. As one example, the antibody or antigen binding agent specifically binds aP2, and
does not specifically bind to FABP5/Mall.

When administered to a host in need thereof, these anti-aP2 antibodies and antigen
binding agents neutralize the activity of aP2 and provide lower fasting blood glucose levels,
improved systemic glucose metabolism, increased systemic insulin sensitivity, reduced fat mass,
fiver steatosts, improved serum lipid profiles, and/or reduced atherogenic plague formation in a
host when compared to anti-aP2 monoclonal antibodies having higher binding atfinities.
Therefore, the anti-aP2 antibodies and antigen binding agents described herein are particularly
useful to treat metabolic disorders including, but not limited to, diabetes (both type 1 and type 2),
hyperglycemia, obesity, fatty liver disease, dyslipidemua, polycystic ovary syndrome (POS), a
proliferative disorder such as a tumor or neoplasm, (including, for example, transitional bladder
cancer, ovarian cancer and liposarcoma), atherosclerosis and other cardiovascular disorders by
administering an effective amount to a host, typically a human, in need thereof.

The present invention thus provides at least the following:
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(a)

{c}

(d)

(e)

4

{h

it.

i,

A monoclonal anti-aP2 antibody or antigenic binding agent, as described herein,
or a described vartant or conjugate thereof.

A humanized monocional anti-aP2 antibody or antigenic binding agent, as
described herein, or a described variant or conjugate thereof.

A monoclonal anti-aP2 antibody or antigenic binding agent, as described herein,
or a described vanant or conjugate thereof, wherein the antibody or antihody
conjugate is characterized by at least one of’

Structural inclusion of one or more CDRs described in Seq. IDs 7-13 or a variant
thereof with amino acid substitutions that do not adversely affect the binding
properties of the CDR region as described in Seq. 1Ds 7-13;

KD binding affinity for human aP2 of > 107 M; and/or

Contact points with a human or mouse aP2 protein within 3 or 4 Angstroms as
further specified herein.

A monoclonal anti-aP2 antibody or antigenic binding agent, as described herein,
or a described varant or conjugate thereof for use to treat a host, and in particular
a human, with an aP2-mediated disorder.

Use of a monoclonal anti-aP2 antibody or antigenic binding agent, as described
herein, or a variant or conjugate thereof, to treat a host, and 1n particular a human,
with an aP2-mediated disorder.

Use of a monoclonal anti-aP2 antibody or antigenic binding agent, as described
herein, or a variant or conjugate thereof, in the manufacture of a medicament to
treat a host, and in particular a human, with an aP2-mediated disorder.

A process for manufacturing a medicament intended for the therapeutic use in
treating an aP2-mediated disorder, characterized in that a monoclonal anti-aP2
antibody or antigenic binding agent, as described herein, or a variant or conjugate
thereof is used in the manufacture.

A pharmaceutical composition that includes an effective amount of a movoclonal
anti-aP2 antibody or antigenic binding agent, as described herein, or a described

variant or conjugate thereof,
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General Definitions

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. lo the case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and
examples are llustrative only and are not intended to be limiting.

Unless otherwise required by context, singular terms shall inchude pluralities and plural
terms shall include the singular. In this application, the use of “or” means “and/or” unless stated
otherwise. Furthermore, the use of the term “including”, as well as other forms, such as

4

“includes” and “included”, is not limiting. Also, terms such as “element” or “component”
encompass both elements and components comprising one unit and elements and components
that comprise more than one subunit unless specifically stated otherwise.

Generally, nomenclatures used in connection with, and techniques of, cell and tissue
culture, molecular biclogy, immunoclogy, microbiclogy, genetics, and protein and nucleic acid
chemistry and hybridization described herein are those well known and commonly used in the
art. The methods and technigues of the present invention are generally performed according to
conventional methods well known in the art and as described in various general and more
specific references that are cited and discussed throughout the present specification unless
otherwise indicated  Enzymatic reactions and purification techniques may be performed
according to manufacturer’s specifications, as commonly accomplished in the art or as described
herein. 'The nomenclatures used in connection with, and the laboratory procedures and
techmques of, analytical chemustry, syuthetic organic chemistry, and medicinal, and
pharmaceutical chemistry described herein are those well known and commonly used in the art.
Standard techniques are used for chemical syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment of patients.

That the present invention may be more readily understood, selected terms are defined
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The term “host” as used herein, typically refers to a human subject, and in particular
where a human or humanized framework 15 used as an acceptor structure. Where another host is
treated, it 1s understood by those of skill in the art that the antibody or antigen binding agent may
need to be tailored to that host to avoid rejection or to make more compatible. It is known how to
use the CDRs 1n the present invention and engineer them into the proper framework or peptide
sequence for desired delivery and function for a range of hosts. Other hosts may include other
mammals or vertebrate species. The term “host,” therefore, can alternatively refer to animals
such as mice, monkeys, dogs, pigs, rabbits, domesticated swine (pigs and hogs), ruminants,
equine, poultry, felines, murines, bovines, canines, and the like, where the antibody or antigen
binding agent, if necessary is suitably designed for compatibility with the host.

The term “polypeptide” as used herein, refers to any polymeric chain of amino acids.
The terms “peptide” and “protein” are used interchangeably with the term polypeptide and also
refer to a polymeric chain of amino acids. The term “polypeptide” encompasses native or
artificial proteins, protein fragments, and polypeptide analogs of a protein sequence. A
polypeptide may be monomeric or polymeric.

The term “recovering” as used herein, refers to the process of rendering a chemical
species such as a polypeptide substantially free of naturally associated components by isolation,
e.g., using protein purification technigues well known in the art.

The term “human aP2 protein” or “human FABP4/aP2 protein”, as used herein refers to
the protein encoded by Seq. ID. No. 1, and natural variants thereof, as described by Baxa, C. A,
Sha, R S, Buelt, M. K, Smith, A J., Matarese, V., Chinander, L.. L., Boundy, K. L., Berniohr,
A. Human adipocyte lipid-binding protein: purification of the protein and cloning of its
complementary DNA. Biochemistry 28: 8683-8690, 1989,

The term “mouse aP2 protein” or “mouse FAB4P/aP2 protein”, as used herein, refers to
the protein encoded by Seq. ID. No. 2, and natural vanants thereof. The mouse protein is
registered in Swiss-Prot under the number P04117.

The terms “specific binding” or “specifically binding”, as used herein, in reference to the
interaction of an antibody, a protein, or a peptide with a second chemical species, mean that the
interaction is dependent upon the presence of a particular structure (e.g., an “antigenic
determinant” or “epitope” as defined below) on the chemical species; for example, an antibody

recognizes and binds to a specific protein structure rather than to proteins generally. I an
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antibody is specific for epitope “A”, the presence of a molecule containing epitope A {(or free,
unlabeled A), in a reaction containing labeled “A” and the antibody, will reduce the amount of
labeled A bound to the antibody.

The term “antibody”, as used herein, broadly refers to any immunoglobulin (Ig) molecule
comprised of four polypeptide chains, two heavy (H} chains and two light (L) chains, or any
functional fragment, mutant, varant, or derivation thereof, which retains at least some portion of
the epitope binding features of an Ig molecule allowing it to specifically bind to aP2. Such
mutant, varant, or derivative antibody formats are known in the art and described below.
Nonlimiting embodiments of which are discussed below. An antibody is said to be “capable of
binding” a molecule if it is capable of specifically reacting with the molecule to thereby bind the
molecule to the antibody.

A “monoclonal antibody” as used herein is intended to refer to a preparation of antibody
molecules, which share a common heavy chain and common light chain amino acid sequence, or
any functional fragment, mutant, variant, or derivation thereof which retains at least the light
chain epitope binding features of an Ig molecule, in contrast with “polyclonal” antibody
preparations that contain a mixture of different antibodies. Monoclonal antibodies can be
generated by several known technologies like phage, bacteria, yeast or ribosomal display, as well
as classical methods exemplified by hybridoma-derived antibodies {e.g , an antibody secreted by
a hybridoma prepared by hybridoma technology, such as the standard Kohler and Milstein
hybridoma methodology ((1975) Nature 256:495-497).

In a full-length antibody, each heavy chain is comprised of a heavy chain variable region
{abbreviated herein as HCVR or VH) and a heavy chain constant region (CH}. The heavy chain
constant region is comprised of four domains--either CH1, Hinge, CH2, and CH3 (heavy chains
v, a and 0), or CH1, CHZ, CH3, and CH4 (heavy chains i and ¢). Each light chain is comprised
of a light chain variable region {abbreviated herein as LCVR or VL) and a light chain coustant
region {CL). The light chain constant region is comprised of one domain, CL. The VH and VL
regions can be further subdivided into regions of hypervarability, termed complementarity
determining regions (CDR), interspersed with regions that are more conserved, termed
framework regions (FR). Each VH and VL 1s composed of three CDRs and four FRs, arranged

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

2
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CDR3, FR4. Immunoglobulin molecules can be of any type (e.g., IgG, IgE, IgM, IgD IgA and
fgY), class (e.g., IgG1l, 1gG2, 1gG3, 1gG4, IgAT and IgA2) or subclass.

The term “antigen binding agent” or “antigentc binding agent” as used herein, refers to
one or more fragments or portions of an antibody that retain the ability to specifically bind to an
antigen {e.g., aP2), or synthetic modifications of antibody fragments that retain the desired
binding ability to the antigen. It has been shown that the antigen-binding function of an antibody
can be performed by fragments or certain portions of a full-length antibody, or modifications
thereof. Embodiments include bispecific, dual specific and multi-specific formats which may
specifically bind to two or more different antigens or to several epitopes or discontinuous epitope
regions of an antigen. Nonlimiting examples of antigen binding agents include (i} a Fab
fragment, a monovalent fragment consisting of the VL, VH, CL, and CH1 domains; {(i1) a F{ab"}2
fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the
hinge region; (1) a Fd fragment consisting of the VH and CHI domains; (iv) a Fv fragment
conststing of the VL and VH domains of a single arm of an antibody, (v} a dAb fragment (Ward
et al., (1989) Nature 341:544-546, Winter et al, PCT publication WO 90/05144 Al herein
incorporated by reference), which comprises a single variable domain; (vi) an isolated
complementarity determining region {(CDR), (vii) fusions of antibody fragments such as those
that are immunoglobulin in character, for example, diabodies, scab, bispecific, triabody, Fab-Fv,
Fab-Fv-Fv, tribody, (Fab-Fv)2-Fc, and (viii} antibody portions such as CDRs or antibody loops
grafted onto non-immunoglobulin frameworks such as fibronectin or leucine zippers (see Binz et
al. (2005) Nat. Biotech. 23:1257-1268, incorporated heretn). Furthermore, although the two
domains of the Fv fragment, VL and VH, are coded for by separate genes, they can be joined,
using recombinant or other methods, by a synthetic or naturally occurring linker that enables
them to be made as a single protein chain in which the VL and VH regions pair to form
monovalent molecules (known as single chain Fv {(scFv); see e g, Bird et al. (1988) Science
242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single
chain antibodies are also intended to be encompassed within the termn antigen binding agent.
Other forms of single chain antibodies, such as diabodies are also encompassed. Diabodies are
bivalent, bispecific antibodies in which VH and VL domains are expressed on a single
polypeptide chain, but using a linker that is too short to allow for pairing between the two

domains on the same chain, thereby forcing the domains to pair with complementary domains of

38



N

10

20

30

WO 2016/176656 PCT/US2016/030303

another chain and creating two antigen binding sites (see e.g., Holliger, P, et al. (1993} Proc.
Natl. Acad. Sci. USA 90:6444-6448,; Poljak, R. J, et al. {1994) Structure 2:1121-1123). Such
antibody binding portions are known in the art (Kontermaon and Dubel eds., Antibody
Engineering (2001) Springer-Verlag. New York. 790 pp. (ISBN 3-540-41354-5).

The term “antibody construct” as used herein refers to a polypeptide comprising one or
more of the antigen binding portions of the invention linked to a hinker polypeptide or an
immunoglobulin constant domain. Linker polypeptides comprise two or more amino acid
residues joined by peptide bonds and are used to link one or more antigen binding portions.
Such linker polypeptides are well known in the art (see e.g., Holliger, P, et al. (1993) Proc. Natl.
Acad. Sci. USA 90:6444-6448; Poljak, R. J, et al. (1994} Structure 2:1121-1123}) An
immunoglobulin constant domain refers to a heavy or hight chain constant domain, for example a
human IgA, gD, IgE lgG or IgM constant domains. Heavy chain and light chain counstant
domain amino acid sequences are known in the art. Non-limiting exarmples of Ig heavy chain v1
constant region and Ig light chain & and x chains are provided for in Tables 8 and 6, respectively.

Sull further, an antibody or antigen-binding portion thereof may be part of a larger
immunoadhesion molecule, formed by covalent or noncovalent association of the antibody or
antibody portion with one or more other proteins or peptides. Examples of such
immunoadhesion molecules include use of the streptavidin core region to make a tetrameric scFv
molecule (Kiprivanov, S. M., et al. (1995) Human Antibodies and Hybridomas 6:93-101} and
use of a cysteine residue, a marker peptide and a C-terminal polyhistidine tag to make bivalent
and biotinylated scFv molecules (Kiprivanov, S. M, et al. (1994} Mol. Immunol. 31:1047-1058).
Antibody portions, such as Fab and F(ab"}2 fragments, can be prepared from whole antibodies
using conventional techniques, such as papain or pepsin digestion, respectively, of whole
antibodies. Moreover, antibodies, antibody portions and immunoadhesion molecules can be
obtained using standard recombinant DNA techniques, as described herein.

An “isclated antibody”, as used herein, is intended to refer to an antibody that is
substantially free of other antibodies having different antigenic specificities (e.g., an isolated
antibody that specifically binds aP2 is substantially free of antibodies that specifically bind
antigens other than aP2). An isolated antibody that specifically binds, for example, human aP2

may, however, have cross-reactivity to other antigens, such as aP2 molecules from other species.
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Moreover, an isolated antibody may be substantially free of other cellular material and/or
chemicals.

The term “CDR-grafted antibody” refers to antibodies which comprise heavy and light
chain variable region sequences from one species but in which the sequences of one or more of
the CDR regions of VH and/or VL are replaced with CDR sequences of another species, such as
antibodies having human heavy and light chain variable regions in which one or more of the
human CDRs {e.g., CDR3) has been replaced with murine CDR sequences.

The terms “Kabat numbering”, “Kabat definitions” and “Kabat labeling” are used
interchangeably herein. These terms, which are recognized in the art, refer to a systemn of
numbering amino acid residues which are more variable (i.e. hypervariable) than other amino
acid residues in the heavy and light chain variable regions of an antibody, or an antigen binding
portion thereof (Kabat et al. (1971) Aan. NY Acad, Scii 190:382-391 and, Kabat, E. A, et al.
(1991) Sequences of Proteins of Immunclogical Interest, Fifth Edition, U.S. Department of
Health and Human Services, NIH Publication No. 91-3242). For the heavy chain variable
region, the hypervariable region ranges from amino acid positions 31-35 (CDR-H1), residues 50-
65 (CDR-H2) and residues 95-102 (CDR-H3) according to the Kabat numbering system.
However, according to Chothia (Chothia et al., (1987) I Mol. Biol,, 196, 901-917 {(1987)), the
loop equivalent to CDR-HI extends from residue 26 to residue 32, Thus unless indicated
otherwise “CDR-H1” as employed herein is intended to refer to residues 26 to 35, as described
by a combination of the Kabat numbering system and Chothia’s topological loop definition. For
the light chain variable region, the hypervariable region ranges from amino acid positions 24 to
34 for CDRL1, amino acid positions 50 to 56 for CDRL2, and amino acid positions 89 to 97 for
CDRLS.

”

As used herein, the terms “acceptor” and “acceptor antibody” refer to the antibody or
nucleic acid sequence providing or encoding at least 80%, at least 85%, at least 90%, at least
95%, at least 98% or 100% of the amino acid sequences of one or more of the framework
regions. In some embodiments, the term “acceptor” refers to the antibody amino acid or nucleic
acid sequence providing or encoding the constant region{s}. In yet another embodiment, the term
“acceptor” refers to the antibody amino acid or nucleic acid sequence providing or encoding one
or more of the framework regions and the constant region(s). In a specific embodiment, the term

“acceptor” refers to a human antibody amino acid or nucleic acid sequence that provides or
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encodes at least 80%, preferably, at least 85%, at least 90%, at least 95%, at least 98%, or 100%
of the amino acid sequences of one or more of the framework regions. In accordance with this
embodiment, an acceptor may contain at least 1, at ieast 2, at least 3, ieast 4, at least 5, or at least
10 amino acid residues that does (do) not occur at one or more specific positions of a human
antibody.  An acceptor framework region and/or acceptor constant region(s) may be, e.g.,
derived or obtained from a germline antibody gene, a mature antibody gene, a functional
antibody {(e.g., antibodies well-known in the art, antibodies in development, or antibodies
commercially available).

As used herein, the term “CDR” refers to the complementarity determining region within
antibody variable sequences. There are three CDRs 1n each of the variable regions of the heavy
chain and the light chain, which are designated CDRHI1, CDRH2 and CDRH3 for the heavy
chain CDRs, and CDRLI, CDRL2, and CDRL3 for the hight chain CDRs. The term “CDR set”
as used herein refers to a group of three CDRs that occur in a single variable region capable of
binding the antigen. The exact boundaries of these CDRs have been defined differently
according to different systems. The system described by Kabat (Kabat et al, Sequences of
Proteins of Immunological Interest (National Institutes of Health, Bethesda, Md. (1987) and
(1991)) not only provides an unambiguous residue numbering system applicable to any variable
region of an antibody, but also provides precise residue boundaries defining the three CDRs.
These CDRs may be referred to as Kabat CDRs. Chothia and coworkers (Chothia & Lesk, I
Mol. Biol. 196:901-917 (1987) and Chothia et al., Nature 342:877-883 (1989)) found that certain
sub-portions within Kabat CDRs adopt nearly identical peptide backbone conformations, despite
having great diversity at the level of amino acid sequence. These sub-portions were designated
as L1, 1.2 and 1.3 or H1, H2 and H3 where the “L” and the “H” designates the light chain and the
heavy chains regions, respectively. These regions may be referred to as Chothia CDRs, which
have boundaries that overap with Kabat CDRs. Other boundaries defining CDRs overdapping
with the Kabat CDRs have been described by Padlan (FASEB J. 9:133-139 (1995)) and
MacCallum (I Mol Biol 262(5).732-45 (1996)). Still other CDR boundary definitions may not
strictly follow one of the above systems, but will nonetheless overlap with the Kabat CDRs,
although they may be shortened or lengthened in light of prediction or experimental findings that

particular restdues or groups of residues or even entire CBRs do not significantly impact antigen
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binding. The methods used herein may utilize CDRs defined according to any of these systems,
although preferred embodiments use Kabat or Chothia, or a mixture thereof, defined CDRs.

As used herein, the term “canonical” residue refers to a residue in a CDR or framework
that defines a particular canonical CDR structure as defined by Chothia et al. (J. Mol. Biol.
196:901-907 (1987}, Chothia et al., J. Mol Biol. 227:799 (1992), both are incorporated herein by
reference). According to Chothia et al| critical portions of the CDRs of many antibodies have
nearly identical peptide backbone conformations despite great diversity at the level of amino acid
sequence. Hach canonical structure specifies primarily a set of peptide backbone torsion angles
for a contiguous segment of amino acid residues forming a loop.

As used herein, the terms “donor” and “donor antibody” refer to an antibody providing
one or more CDRs. In a preferred embodiment, the donor antibody 1s an antibody from a species
different from the anttbody from which the framework regions are obtained or derived. In the
context of a humanized antibody, the term “donor antibody” refers to a non-human antibody
providing one or more CDRs,

As used herein, the term “framework” or “framework sequence” refers to the remaining
sequences of a variable region minus the CDRs.  Because the exact definmtion of a CDR
sequence can be determined by different systems, the meaning of a framework sequence is
subject to correspondingly different 1nterpretations. The six CDRs (CDR-L1, -L.2, and -L3 of
light chain and CDR-HI1, -H2, and -H3 of heavy chain) also divide the framework regions on the
light chain and the heavy chain into four sub-regions (FR1, FR2, FR3 and FR4} on each chain, in
which CDR1 is positioned between FR1 and FR2, CDR2 between FR2 and FR3, and CDR3
between FR3 and FR4. Without specitying the particular sub-regions as FR1, FRZ, FR3 or FR4,

2

a framework region, as referred by others, represents the combined FR's within the variable
region of a single, naturally occurring immunoglobulin chain. As used herein, a FR represents
one of the four sub-regions, and FRs represents two or more of the four sub-regions constituting
a framework region.

Human heavy chain and light chain acceptor sequences are known in the art. In one
embodiment of the invention the human light chain and heavy chain acceptor sequences are
selected from the sequences described in Tables 4, 5, and 7. Dafferent combinations for human

framework sequences FR1 to FR4 are described in said tables.
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As used herein, the term “germline antibody gene” or “gene fragment” refers to an
immunoglobulin  sequence encoded by non-lymphoid cells that have not undergone the
maturation process that leads to genetic rearrangement and mutation for expression of a
particular immunoglobulin. See, e.g., Shapiro et al., Crit. Rev. Immunol. 22(3): 183-200 (2002);
Marchalonis et al., Adv Exp Med Biol. 484:13-30 (2001}, One of the advaniages provided by
various embodiments of the present invention takes advantage of the recognition that germline
antibody genes are more likely than mature antibody genes to conserve essential amino acid
sequence structures characteristic of individuals in the species, hence less likely to be recognized
as from a foreign source when used therapeutically in that species.

As used herein, the term “key” residues refer to certain residues within the variable
region that have more impact on the binding specificity and/or affinity of an antibody, in
particular a humanized antibody. A key residue includes, but is not limited to, one or more of
the following: a residue that 1s adjacent to a CDR, a potential glycosylation site (can be either N-
or O-glycosylation site), a rare residue, a residue capable of interacting with the antigen, a
residue capable of interacting with a CDR, a canonical residue, a contact residue between heavy
chain variable region and light chain variable region, a residue within the Vernier zone, and a
residue in the region that overlaps between the Chothia definition of a varable heavy chain
CDR1 and the Kabat definition of the first heavy chain framework.

x5

The term “humanized antibody” generally refers to antibodies which comprise heavy and
light chain variable region sequences from a non-human species {(e.¢., a rabbit, mouse, etc.) but
in which at least a portion of the VH and/or VL sequence has been altered to be more “human-
like”, 1.e., more similar to human germline variable sequences. One type of humanized antibody
is a CDR-grafted antibody, tn which human CDR sequences are introduced into non-human VH
and VL sequences to replace the corresponding nonhuman CDR seguences. Another type of
humanized antibody is a CDR-grafted antibody, in which at least one non-human CDR is
inserted into a human framework. The latter is typically the focus of the present invention.

In particular, the term “humanized antibody” as used herein, is an antibody or a variant,
dertvative, analog or fragment thereof which immuno-specifically binds to an antigen of interest
and which comprises a framework (FR) region having substantially the amino acid sequence of a
human antibody and a complementarity determining region (CDR} having substantially the

aming acid sequence of a non-human antibody. As used herein, the term “substantially” in the
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context of a CDR refers to a CDR having an amino acid sequence at least 50, 55, 60, 65, 70, 75
or 80%, preferably at least 85%%, at least 90%, at least 95%, at least 98%% or at feast 99% 1dentical
to the amino actd sequence of a non-human antibody CDR.  In one embodiment, the humanized
antibody has a CDR region having one or more (for example 1, 2, 3 or 4) amino acid
substitutions, additions and/or deletions in comparison to the non-human antibody CDR.
Further, the non-human CDR can be engineered to be more “human-like” or compatible with the
human body, using known techniques. A humanized antibody comprises substantially all of at
least one, and typically two, variable domains (Fab, Fab', F(ab")2, F(ab’c, Fv) in which all or
substantially all of the CDR regions correspond to those of a non-human immunoglobulin (i.e.,
donor antibody} and all or substantially all of the framework regions are those of a human
immunoglobulin consensus sequence. Preferably, a humanized antibody also comprises at least
a portion of an immunoglobulin constant region (Fc), typically that of a buman immunoglobulin.
In some embodiments, a humanized antibody contains both the light chain as well as at least the
variable domain of a heavy chain. The antibody also may include the CHI, hinge, CH2, and

CH3

;
, or CH1, CH2, CH3, and CH4 of the heavy chain. In some embodiments, a humanized
antibody only contains a humanized light chain. In some embodiments, a humanized antibody
only contains a humanized heavy chain. In specific embodiments, a humanized antibody only
contains a humanized variable domain of a light chain and/or humanized heavy chain.

The humanized antibody can be selected from any class of immunoglobulins, including
fg¥, IgM, IgG, IgD, IgA and IgE, and any isotype, including without limitation IgAl, IgA2,
fe(Gl, 1232, 1g(33 and 1gG4. The humanized antibody may comprise sequences from more than
one class or isotype, and particular constant domains may be selected to optimize desired
effector functions using techniques well known in the art.

The framework and CDR regions of a humanized antibody need not correspond precisely
to the parental sequences, e.g., the dovor antibody CDR or the consensus framework may be
mutagenized by substitution, insertion and/or deletion of at least one amino acid residue so that
the CDR or framework residue at that site does not correspond exactly to either the donor
antibody or the consensus framework. In a preferred embodiment, such mutations, however, will
not be extensive. Usually, at least 50, 55, 60, 65, 70, 75 or 80%, preferably at least 85%, more
preferably at least 90%, and most preferably at least 95%, 98% or 99% of the humanized

antibody residues will correspond to those of the parental FR and CDR sequences. In one
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embodiment, one or more (for example 1, 2, 3 or 4) amino acid substitutions, additions and/or
deletions may be present in the humanized antibody compared to the parental FR and CDR
sequences. As used herein, the term “consensus framework” refers to the framework region in
the consensus immunoglobulin sequence. As used herein, the term “consensus immunoglobulin
sequence” tefers to the sequence formed from the most frequently occurring amino acids (or
nucleotides) in a family of related immunoglobulin sequences (See e.g., Winnaker, From Genes
to Clones (Verlagsgesellschaft, Weinheim, Germany 1987). In a family of immunogiobulins,
each position in the consensus sequence is occupied by the amino acid occurring most frequently
at that position in the family. If two amino acids occur equally frequently, either can be included
in the consensus sequence.

As used herein, “Vernier” zone refers to a subset of framework residues that may adjust
CDR structure and fine-tune the fit to antigen as described by Foote and Winter (1992, J. Mol
Biol. 224:487-499, which is incorporated herein by reference). Vernier zone residues form a
jayer underlving the CDRs and may impact on the structure of CDRs and the affinity of the
antibody.

As used herein, the term “neutralizing” refers to neutralization of biological activity of
aP2 protein, for example, secreted aP2 protein, when an antibody described herein specifically
binds the aP2 protein. Neutralizing may be the result of different ways of binding of said
antibody to aP2. Preferably a neutralizing antibody is an antibody whose binding to aP2 results
in neutralization of a biological activity of aP2. Preferably the neutralizing binding protein hinds
aP2 and decreases a biologically activity of aP2 by at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 50%, 60%, 80%, 85%, or more. Neutralization of a biological activity of aP2
by a neutralizing antibody can be assessed by measuring one or more indicators of aP2 biological
activity described herein.

A “neutralizing monoclonal antibody” as used herein is intended to refer to a preparation
of antibody molecules, which upon binding to aP2 are able to inhibit or reduce the biclogical
activity of aP2 either partially or fully.

EF N4

As used herein, the term “attenuation,” “attenuate,” and the like refers to the lessening or
reduction in the severity of a symptom or condition caused by elevated serum aP?2 levels.
The term “epitope” or “antigenic determinant” includes any polypeptide determinant

capable of specific binding to an immunoglobulin or T-cell receptor. In certain embodiments,
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epitope determinants include chemically active surface groupings of molecules such as amino
acids, sugar side chains, phosphoryl, or sulfonyl, and, in certain embodiments, may have specific
three dimensional structural characteristics, and/or specific charge characteristics. An epitope is
a region of an antigen that 1s bound by an antibody. In certain embodiments, an antibody 1s said
to specifically bind an antigen when it preferentially recognizes its target antigen tn a complex
mixture of proteins and/or macromolecules.

The term “Ken”, as used herein, is intended to refer to the on rate constant for association
of an antibody to the antigen to form the antibody/antigen complex as is known in the art.

The term “Kog”, as used herein, is intended to refer to the off rate constant for
dissociation of an antibody from the antibody/antigen complex as is known 1n the art.

The term “Kg”, as used herein, is intended to refer to the dissociation constant of a
particular antibody-antigen interaction as is known in the art.

The strength, or atfinity of immunological binding interactions can be expressed in terms
of the dissociation constant {Ka} of the interaction, wherein a smaller ke represents a greater or
higher affinity. Immunological binding properties of selected polypeptides can be guantified
using methods well known in the art. One such method involves measuring the rates of antigen-
binding site/antigen complex formation and dissociation, wherein those rates depend on the
concentrations of the complex partners, the affinity of the interaction, and geometric parameters
that equally influence the rate in both directions. Thus, both the "on rate constant” {“Kon) and
the "off rate constant” (“Kos”} can be determined by calculation of the concentrations and the
actual rates of association and dissociation. (Nature 361:186-87 (1993}}). The ratio of Ko /Ken
enables the cancellation of all parameters not related to affinity, and is equal to the dissociation
constant Ka. Davies et al. {1990} Annual Rev Biochem 59:439-473

The term “KD”, as used herein, is intended to refer to the Affinity (or Atfinity constant),
which is a measure of the rate of binding (association and dissociation) between the antibody and
antigen, determining the intrinsic binding strength of the antibody binding reaction.

The term “antibody conjugate” refers to a binding protein, such as an antibody or
antibody fragment or binding portion thereof, chemically linked to a second chemical moiety,
such as a therapeutic or ¢ytotoxic agent. The term “agent” is used herein to denote a chemical
compound, a mixture of chemical compounds, a biological macromolecule, or an extract made

from biological materials.
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The terms “crystal”, and “crystallized” as used herein, refer to an antibody, or antigen
binding portion thereof, that exists in the form of a crystal. Crystals are one form of the solid
state of matter, which is distinct from other forms such as the amorphous solid state or the hiqud
crystalline state. Crystals are composed of regular, repeating, three-dimensional arrays of atoms,
ions, molecules {e.g., proteins such as antibodies), or molecular assemblies (eg,
antigen/antibody complexes}). These three-dimensional arrays are arranged according to specific
mathematical relationships that are well understood in the field The fundamental unit, or
building block, that is repeated in a crystal is called the asymmetric unit. Repetition of the
asymmetric unit 1n an arrangement that cooforros to a given, well-defined crystallographic
symmetry provides the “unit cell” of the crystal. Repetition of the unit cell by regular
translations in all three dimensions provides the crystal. See Giege, R and Ducruix, A Barrett,
Crystallization of Nucleic Acids and Proteins, a Practical Approach, 2nd ea., pp. 20 1-16, Oxford
Umniversity Press, New York, N.Y | (19997

The term “polynuclectide” as referred to herein means a polymeric form of two or more
nucleotides, either ribonucleotides or deoxynuclectides or a modified form of either type of
nucieotide. The term includes single and double stranded forms of DNA but preferably is
double-stranded DNA.

The term “isolated polynucleotide” as used herein means a polynucleotide {(e.g, of
genomic, cDNA, or synthetic origin, or some combination thereof) that, by virtue of its origin,
the “isolated polynuclectide” is not associated with all or a portion of a polynucleotide with
which the “isolated polynucieotide” is found in nature; is operably linked to a polynucleotide that
it 15 not linked to in nature; or does not occur in nature as part of a larger sequence.

The term “vector,” as used herein, is intended to refer to a nucleic acid molecule capable
of transporting another nucleic acid to which it has been linked. One type of vector is a
“plasmid,” which refers to a circular double stranded DNA loop into which additional DNA
segments may be ligated. Another type of vector is a viral vector, wherein additional DNA
segments may be higated into the viral genome. Certain vectors are capable of autonomous
replication in a host cell into which they are introduced (e.g., bacterial vectors having a bacterial
origin of replication and episomal mammalian vectors). Other vectors {e.g., non-episomal
mammaltan vectors) can be integrated into the genome of a host cell upon wntroduction into the

host cell, and thereby are replicated along with the host genome. Moreover, certain vectors are
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capable of directing the expression of genes to which they are operatively linked. Such vectors
are referred to herein as “recombinant expression vectors” {or simply, “expression vectors”). In
general, expression vectors of utility in recombinant DNA techniques are often in the form of
plasmids. In the present specification, “plasmid” and “vector” may be used interchangeably as
the plasmid is the most commonly used form of vector. However, the tnvention is intended to
include such other forms of expression vectors, such as viral vectors (e.g., replication defective
retroviruses, adenoviruses and adeno-associated viruses), which serve equivalent functions.

The term “operably linked” refers to a juxtaposition wherein the components described
are in a relationship permitting them to function in their intended manner. A control sequence
“operably linked” to a coding sequence is ligated in such a way that expression of the coding
sequence 1s achieved under conditions compatible with the control sequences. “Operably
linked” sequences include both expression control sequences that are contiguous with the gene of
interest and expression control sequences that act in trans or at a distance to control the gene of
interest. The term “expression control sequence” as used herein refers fo polynuclectide
sequences, which are necessary to effect the expression and processing of coding sequences to

which they are ligated. Expression control sequences include appropriate transcription initiation,

Al
(V.41

termination, promoter and enhancer sequences; efficient RNA processing signals such as splicing
and polyadenylation signals; sequences that stabilize cytoplasmic mRNA; sequences that
enhance transiation efficiency (i.e., Kozak consensus sequence}; sequences that enhance protein
stability; and when desired, sequences that enhance protein secretion. The nature of such control
sequences differs depending upon the host organism; in prokaryotes, such control sequences
generally include promoter, ribosomal binding site, and transcription termination sequence; in
eukaryotes, generally, such control sequences include promoters and transcription termination
sequence. The term “conirol sequences” is intended to include components whose presence is
essential for expression and processing, and can also include additional components whose
presence is advantageous, for example, leader sequences and fusion partner sequences.
“Transformation,” as defined herein, refers to any process by which exogenous DNA
enters a host cell. Transformation may occur under natural or artificial conditions using vartous
methods well known in the art. Transformation may rely on any known method for the insertion
of foreign nucleic acid sequences into a prokaryotic or eukaryotic host cell.  The method is

selected based on the host cell being transformed and may include, but i1s not limited to, viral
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infection, electroporation, lipofection, and particle bombardment. Such “transformed” celis
include stably transformed cells in which the inserted DNA is capable of replication either as an
autonomously replicating plasmid or as part of the host chromosome. They also include cells,
which transiently express the inserted DNA or RNA for limited periods of time.

The term “recombinant host cell” {or simply “host cell”), as used herein, is intended to
refer to a cell into which exogenous DNA has been introduced. It should be understood that such
terms are intended to refer not only to the particular subject cell, but, to the progeny of such a
cell. Because certain modifications may occur in succeeding generations due to either mutation
or environmental influences, such progeny may not, in fact, be identical to the parent cell, but are
still included within the scope of the term “host cell” as used herein. Preferably host cells
include prokaryotic and eukarvotic cells selected from any of the Kingdoms of life. Preferred
eukaryotic cells include protist, fungal, plant and animal cells. Most preferably host cells include
but are not limited to the prokaryotic cell line E. coli; mammalian cell ines CHO, HEK 293 and
COS; the insect cell line 519; and the fungal cell Saccharomyces cerevisiae.

Standard techniques may be used for recombinant DNA, oligonucleotide synthesis, and
tissue culture and transformation (e.g., electroporation, lipofection). Enzymatic reactions and
purification technigques may be performed according to manufacturer's specifications or as
commonly accomplished in the art or as described herein. The foregoing techniques and
procedures may be generally performed according to conventional methods well known in the art
and as described in various general and more specific references that are cited and discussed
throughout the present specification. See e.g., Sambrook et al. Molecular Cloning: A Laboratory
Manual (2d ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y . (1989}), which
is incorporated herein by reference for any purpose.

As used herein, the term “effective amount” refers to the amount of a therapy which is
sufficient to reduce or ameliorate the severity and/or duration of a disorder or one or mwore
symptoms thereof, prevent the advancement of a disorder, cause regression of a disorder, prevent
the recurrence, development, ouset or progression of one or rore symptoms associated with a
disorder, detect a disorder, or enhance or improve the prophylactic or therapeutic effect(s) of

another therapy (e.g. prophylactic or therapeutic agent).
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aP2Z Protein

Fatty acid-binding proteins (FABPs) are members of the superfamily of lipid-binding
protetns (LBP). Nine different FABPs have to date been identified, each showing relative tissue
enrichment: L (liver), I (intestinal}, H (muscle and heart), A (adipocyte), E (epidermal), II (ileal),
B (brain), M (myelin) and T (testis). The primary role of all the FABP family members i3
regulation of fatty acid uptake and intracellular transport. The structure of all FABPs is similar -
the basic mott characterizing these proteins is 3-barrel, and a single higand {e.g a fatty acid,
cholestercl, or retinoid} is bound in its internal water-filled cavity.

The adipocyte fatty acid-binding protein aP2 regulates systemic glucose and lipid
metabolism, and has been implicated in the pathology of many immunometabolic diseases, such
as diabetes and atherosclerosis. While aP2 has classically been considered a cytosolic protein, it
has been found to be an active adipoking that contributes to hyperglycemia by promoting hepatic
gluconeogenesis. Serum aP2 levels have been found to be markedly elevated in mouse and
human obesity.

The human aP2 protein 1s a 14.7 kDa intracellular and extraceliular (secreted) lipid
binding protein that consists of 132 amino acids comprising the amino acid sequence (Seq. ID
No. 1) of Table 1. The ¢cDNA sequence of human aP2 was previously described in Baxa, C. A,
Sha, R. 5, Buelt, M. K, Smuth, A J, Matarese, V., Chinander, L. L., Boundy, K. L., Bernlohr,
A. Human adipocyte lipid-binding protein: purification of the protein and cloning of its
complementary DNA. Biochemistry 28: 8683-8690, 1989, and is provided in Seq. I No. 5. The
human protein is registered in Swiss-Prot under the sumber P15090,

The mouse aP2 protein sequence comprises the amino acid sequence of Seqg. ID No. 2 of
Table 1. The cBNA sequence of mouse aP2 is provided in Seq. ID No. 6. The mouse protein is
registered in Swiss-Prot under the number PO4117.

Both the human and mouse aP2 protein include at least two major conserved domains:
an 11 amino acid muclear localization signal {(aa22-32: kevgvgfatrk (Seq. ID No. 3)); and a three

amino acid fatty acid binding region (aal27-129: rvy (Seq. 1D No. 4)).

Table 1: aP2 Protein and cDNA Sequences

Protein or ¢DNA Seq. ID Mo, SEQUENCE
Fatty acid-binding protein, i MCDAFVGTWKLVSSENFDDYMEEVGVGFATRKY
adipocyte (FABP4/aP2)H. ACGMAKPNMIISVNGDVITIKSESTFKNTEISFILGQE
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Frotein or cDBNA Seq. ID No. SEQUERCE
sapicns] FDEVTADDREKVKSTITLDGGVLVHVOQKWDGKSTT

EKRKREDDKLVVECVMEKGVTITRVYERA

MCDAFVGETWKLVSESENFDDYMKEVGVGFATRKY
AGMAKPNMIISVNGDLVTIRSESTFENTEISFKLGY
EFDEITADDREVKSIITLDGGALVQVOKWDGKSTTI
KRKRDGDELVVECVMKGVTSTRVYERA

Fatty acud-binding protein,
adipocyte (FABP4/aP2 M. 2
musculus])

aP2 nuclear localization amino

£ 3 KEVGVGFATRE
acid sequence
aPZ? fatty facid bi Exd%ng domain 1 RVY
amino acid sequence
ATGTGTGATGCTTTTGTAGGTACCTGGAAACTTG
TCTCCAGTGAAAACTTTGATGATTATATGAAAGA
AGTAGGAGTGGGCTTTGCCACCAGGAAAGTGGC
TGGCATGGCCAAACCTAACATGATCATCAGTGTG
) o , AATGGGGATGTGATCACCATTAAATCTGAAAGT
Fatty acid-binding protein, ACCTTTAAAAATACTGAGATTTCCTTCATACTGG
adipocyte (FABP4/aP1)IH. 3 GCCAGGAATTTGACGAAGTCACTGCAGATGACA
sapiens| cDNA GGAAAGTCAAGAGCACCATAACCTTAGATGGGG

GTGTCCTGGTACATGTGCAGAAATGGGATGG
AAAATCAACCACCATAAAGAGAAAACGAGAGG
ATGATAAACTGGTGGTGGAATGCOTCATGAAAG
GCGTCACTTCCACGAGAGTTTATGAGAGAGCAT
AA
ATGTCTCGATGCCTTTOTOGCAACCTOCGAAGCTTIC
TCTCCAGTCGAAAACTTCCATGATTACATGAAAGA
AGTGGCAGTOGCCTTTGCCACAAGGAAAGTGGE
AGGCATGGCCAAGCCCAACATGATCATCAGCGT
AAATGGGUATTTGOTCACCATCCOGGTCAGAGAG
TACTTTTAAAAACACCGAGATTITCCTTCAAACTG
GGOGTGGAATTICGATGAAATCACCGCAGACGAC
AGGAAGGTGAAGAGCATCATAACCCTAGATGGL
GGOGCCCTGOTGCAGGTGCAGAAGTGGGATGGA
AAGTCGACCACAATAAAGAGAAAACGAGATGGT
GACAAGCTGGTGGTGGAATGTOGTTATGAAAGGC
GTGACTTCCACAAGAGTTITATGAAAGGGCATGA

Fatty acid-binding protein,
adipocyte (FABP4/aP2 [M. 6
musculus]) cDNA

aP2-Binding Epitopes

In one aspect of the invention, anti-aP2 monoclonal antibody molecules, including
humanized monoclonal antibodies, and antigen binding agents are provided, that specifically
bind to human aP2 or mouse aP2 at specific, identified amino acids within the aP2 molecule
while folded 1n its native, conformational form or complexed with its natural binding partner.

In one embodiment, the anti-aP2 monoclonal antibody binds human aP2 having the

amino acid sequence:

51



W

10

15

WO 2016/176656 PCT/US2016/030303

MCDAFVGTWE LVSSENFDDY MEKEVGYGEAT RKVAGMAKPN MISVNGDVE TIKSESTFKN
TEISFILGQE FDEVTADDRE VKSTITLDGG VLVHVQKWDG KSTTIKRKRE DDKLVVECYM
KGVTSTRVYE RA (Seq. ID. No 1},

or a naturally occurring variant thereof.

In an alternative embodiment, the anti-aP2 monoclonal antibody or antigen binding agent
binds to a human aP2 having an amino acid sequence that 1s at least 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identical to Seq. ID No. 1. In one embodiment, the antibody has a KD for
aPZ of > 107 M. In one embodiment, the antibody binds to an epitope selected from an amino
acid sequence underlined in Seq. ID No. | above and has a KD for aP2 of about > 107 M. In one
embodiment, the antibody binds to an epitope that has one or more (for example, 1, 2, 3, or 4}

amino acid substitutions, additions, or deletions as compared to Seq. ID. No. 1.

aP2-Binding Epitopes as Determined by X-ray Crystallography

In one embodiment, the anti-aP2 antibody or antigen binding agent directly interacts with
one or more, for example 1, 2,3, 4, 5, 6, 7, 8, or 9, amino acids bolded in Seq. ID Neo. 1 above
within a 3 or 4 Angstrom distance. In another embodiment, the anti-aP2 monoclonal antibody or
antigen binding agent contacts all nine of the bolded amino acids in Seq. 1D No. 1 above within a
3 or 4 Angstrom distance.

in one embodiment, the purified anti-aP2 monoclonal antibody binds a non-contiguous
epitope of human and/or mouse aP2 comprising at least one or more, for example 1, 2,3, 4, 5, 6,
7, &, or 9 amino acid residues selected from 10K, 111, 12V, 13S, 37A, 38K, S7T, 130E, and
132A {bolded in Seq. ID No. 1, above), or an amino acid residue within about 4 angstroms of
any of 10K, 11L, 12V, 135, 37A, 38K, 57T, 130E, and 132A. In one embodiment, the purified
anti-aP2 monoclonal antibody binds an epitope of human aP2 comprising at least one or more,
for example 1, 2, 3, 4, 5, 6, 7, 8, or 9, amino acid residues selected from 10K, 111, 12V, 135,
374, 38K, 57T, 130K, and 132A (bolded in Seq. ID No. 1, above), or an amino acid residue
within about 4 angstroms of any of 10K, 11L, 12V, 135, 37A, 38K, S7T, 130E, and 132A and
has a KD for aP2 of > 107 ML

In an alternative embodiment, the purified anti-aP2 monoclonal antibody binds an epitope
of human and/or mouse aP2 comprising at least one or more, for example 1, 2, 3, 4, 5, 6, or 7,
amino acid residues selected from 10K, 111, 12V, 138, 38K, 130E, or 132A (bolded in Seq. ID

No. 1, above), or an amino acid residue within about 4 angstroms of any of 10K, 11L, 12V, 135,
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38K, 130K, or 132A. In one embodiment, the puritied anti-aP2 monoclonal antibody binds an
epitope of human aP2 comprising at least one or more, for example 1, 2, 3, 4, §, 6, or 7, amino
acid residues selected from 10K, 111, 12V, 138, 38K, 130E, or 132A (bolded in Seq. 1D No. 1,
above)}, or an amino acid residue within about 4 angstroms of any of 10K, 11L, 12V, 138, 38K,
130E, or 132A and has a KD for aP2 of > 107 M. In one embodiment, the antibody further binds
37A and/or 57T.

In one embodiment, the light chain of the antibody binds an epitope of human aP2
comprising at least one or more, for example 1, 2, 3, 4, 5, 6, 7, & or 9, amino acid residues
selected from 10K, 11L, 12V, 135, 37A, 38K, 57T, 130E, or 132A, or an amino acid residue
within about 4 angstroms thereof, and has a KD of at least about > 107 M. In one embodiment,
the light chain of the antibody binds an epitope of human aP2 comprising at least one or more,
for example 1, 2, 3, 4, 5, 6, or 7, amino acid residues selected from 10K, 11L, 12V, 13§, 374,
38K, 57T, 130K, or 132A, or an amino acid residue within about 4 angstroms thereof, and has a
KD of at least about > 107 M.

In one embodiment, the light chain of the antibody binds an epitope of human aP2
comprising at least one or more, for example 1, 2, 3, 4, 5, 6, 7, §, or 9, amino acid residues
selected from 10K, 11L, 12V, 138, 37A, 38K, 57T, 130E, or 132A, or an amino acid residue
within about 4 angstroms thereof, and the heavy chain of the antibody binds an epitope of human
aP2 comprising at least one of 10K and 132A, or an amino acid within about 4 angstroms
thereof. In one embodiment, the antibody has a KD of at least about > 107 M.

ln one embodiment, the light chain of the antibody binds an epitope of human aP2
comprising at least one or more, for example 1, 2, 3, 4, 5, 6, or 7, amino acid residues selected
from 10K, 11L, 12V, 13S, 38K, 130E, or 132A, or an amino acid residue within about 4
angstroms thereof, and the heavy chain of the antibody binds an epitope of human aP2
comprising at least one of 10K and 1324, or an amino acid within about 4 angstroms thereof]
and has a KD of at least about > 107 M.

In one embodiment, the antibody binds to the human aP2 protein in its native
confirmation at least at 10K. In one embodiment, the antibody binds to the human aP2 protein in
its native confirmation at least at 38K. In one embodiment, the antibody binds to the human aP2
protetn in its native confirmation at least at 12V, In one embodiment, the antibody binds to the

human aP2 protein in its native confirmation at least at 11L. In one embodiment, the antibody
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binds to the human aP2 protein in its native confirmation at least at 130E. In one embodiment,
the antibody binds to the human aP2 protein in its native confirmation at least at 132A. In one
embodiment, the antibody binds to the human aP2 protein in its native confirmation at least at
135, In one embodiment, the antibody binds to the human aP2 protein in its native confirmation
at least at 111 and 12V. In one embodiment, the antibody binds to the human aP2 protein in its
native confirmation at least at 130E and 132A  In one embodiment, the antibody binds to the
human aP2 protein in its native confirmation at a specific amino acid described above and has a
KD of about > 107 M.

In one embodiment, the antibody binds to the human aP2 protein in its native
confirmation at least at 10K and 38K, In one embodiment, the antibody binds to the human aP2
protein in its native confirmation at least at 10K, 38K, and 12V. In one embodiment, the
antibody binds to the human aP?2 protein in ifs native confirmation at least at 10K, 38K, 12V, and
[1L. In one embodiment, the antibody binds to the human aP2 protein in its native confirmation
at least at 10K, 38K, 12V, 11L, and 57T In one embodiment, the antibody binds to the human
aPZ protein in its native confirmation at least at 10K, 38K, 12V, 11L, 57T, and 37A. In one
embodiment, the antibody binds to the human aP2 protein in its native confirmation at least at
10K, 38K, 12V, 11L, 57T, 37A, and 130E. In one embodiment, the antibody binds to the human
aP2 protein in 1ts native confirmation at least at 10K, 38K, 12V, 11L, 57T, 37A, 130E, and
132A.  In one embodiment, the antibody binds to the human aPZ protein in its native
confirmation at least at 10K, 38K, 12V, 1iL, 57T, 37A, 130FE, 132A, and 138,

Also provided herein is a specific region or epitope of human aP2 which is bound by an
antibody provided by the present invention, in particular an epitope bound by the antibody
comprising the light chain vartable sequence 909gl.1 {Seq. 1D No. 446), 909g1.10 {Seq. 1> No.
448}, 909gL13 (Seq. ID No. 487), 909gL50 (Seq. ID No. 488}, 909gL54 (Seq. ID No. 450), or
909gL.55 (Seq. 1D No. 452), and/or heavy chain variable sequence 909gH1 (Seq. 1D No. 455),
909gH 14 (Seq. ID No. 457), 909gH15 (Seq. ID No. 459), 909gH61 (Seq. ID No. 461), or
909¢H62 (Seq. ID No. 463).

This specific region or epitope of the buman aP2 protein provided herein can be
identified by any suitable epitope mapping method known in the art in combination with any one
of the antibodies provided by the present invention. Examples of such methods include

screening peptides of varying lengths derived from aP2 for binding to the antibody of the present
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invention with the smallest fragment that can specifically bind to the antibody containing the
sequence of the epitope recognized by the antibody. The aP2 peptides may be produced
synthetically or by proteolytic digestion of the aP2 protein. Peptides that bind the antibody can
be identified by, for example, mass spectrometric analysis. In another example, NMR
spectroscopy or X-ray crystallography can be used to identity the epitope bound by an antibody
of the present invention. Crystallization and X-ray crystallography techniques for determining
the structure of aP2 and specific interactions of the aP2 protein with its natural binding partoers,
for example medium chain and long chain fatty acids, are described in Marr et al., Expression,
purification, crystallization and structure of human adipocyte lipid-binding protein (aP2), Acta
Cryst. {2006), F62, 1058-1060. Once identified, the epitopic fragment which binds an antibody
of the present invention can be used, if desired, as an immunogen to obtain additional antibodies
which bind the same epitope.

In one example the epitope of the antibody molecule is determined by X-ray
crystaliography using the aP2 protein {(Seq. 1D No. 1)

In one embodiment, the antibody of the present invention comprises at least one or more
specific amino acids within a CDR domaiuo as defined in Table 2 that 1nteract with a mouse or

human aPZ2 protein in its native conformation at the amino acid contact point defined in Table 2.

Table 2: Anti-aP2 antibody/aP2 protein Contact Points

Ab Chain | abcor | ADERR | AR aom | angatroms)
Light CDRL3 92Tyr C 10Lys C 372
Light CORL3 92 Tyr C 10Lys C 392
Light CDRL3 92Tyr O 10Lys C 3.66
Light CDRL3 93Gly N 10Lys C 3.30
Light CDRL3 93Gly C 10Lys C 3.65
Light CORL3 93Gly C 10Lys C 3.67
Light CBRL3 94 Thr N 10Lys C 3.74
Light CDRL3 92Tyr C 10Lys C 325
Light CDRL3 92%Tyr C 10Lys C 3.85
Light CDRL3 92 Tyr C 10Lys C 3.14
Light CDRL3 94 Thr O 10Lys C 331

Heavy 104Leun* C 10Lys N 3.06
Light CDRL3 93Gly N 10Lys N 274
Light CDRL3 93Gly C 10Lys N 3.64
Light CDRL3 92Tyr C 10Lys N 337
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Ab Chain | apcor | APERI | AR aom | angsiroms)
Light CBRL3 92Ty C 10Lys N 332
Light CDRL3 92Tyr C 10Lys N 3.02
Light CDRL3 92 Tyr C 10Lys N 3.87
Light CPRL3 92Tyr C 10Lys N 3.35
Light CDRL3 92%yr C 10Lys N 3.88
Light CDRL3 92Tyr C 10Lys N 3.29
Light CDRL3 92 Tyr C 10Lys N 3.82
Light CPRL3 92Tyr O 11len N 377
Light CDRL3 {ilen C 3.93
Light CDRL3 11len C 3.95
Light CDRL3 1ileu C 3.46
Light CPRL3 92Tyr C 1ilen O 3.5%
Light CDRL3 92%yr C {ilen O 3.82
Light CBRL3 92Ty O 1iieun O 2.40
Light CDRL3 95Tyr C 1ileu O 3.60
Light CBRL3 12Val C 3.8%
Light CDRL3 12Val C 352
Light CBRL3 9GAla N 12val C 3.92
Light CDRL3 95Tyr C 12Val C 3.838
Light CBRL3 95Tyr C 12Val 0O 3.25
Light CDRL3 95Tyt C 12Val O 343
Light CBRL3 95Ty C 12val G 345
Light CDRL3 9o Ala N 12Val O 272
Light CBRL3 96Aka C 12Val 0O 377
Light CDRL3 95Tyt C 12Val O 3.90
Light CBRL3 95Ty C 12val G 397
Light CDRL3 138er N 3.93
Light CDORLT 28Asp C 37Ala C 3.94
Light CPRLI 28Asp C 37Ala C 3.68
Light CDRUI 28Asp 0] 37Ala C 3.83
Light CDRL1 28Asp O 37Aka C 4.00
Light CDORLT 28Asp C 38Llys N 3.85
Light CPRLI 28Asp C 38Lys N 3.60
Light CDRL1 25Asp O 38Lys N 3.20
Light CDRL1 38Lys C 3.93
Light CORLI 28 Asp O 38Llys C 3.40
Light CPRLI 38Lys C 3.40
Light CDRL1 27Gh 0] 38Llys C 3.50
Light CDRL3 95Tyr C 38Lys C 3.80
Light CDRL3 95Tyr C 38Lys C 3.83
Light CBRL3 95Tyr C 38Lys N 3.59
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AbCluin | avcor | ADEERe AR | | cangetroms)
Light CDRU1 28Asp O 38Lys N 3.56
Light CDRL1 27Gla C 38Lys N 2.96
Light CORL3 98Tyr C 38Llys N 3.54
Light CDRL3 95Tyr C 38Lys N 3.28
Light CDRL3 95Tyr C 38Llys N 3.54
Light 100Phe* C 38Lys N 3.23
Light {00Phe* C 38Llys N 3.95
Light CDRLI 28Asp O 38Lys 3 3.89
Light CDRUI 308er 0] 38Lys O 3.37
Light CDRL1 28Asp O 57Thr C 3.57
Light CORLI 28 Asp C 57 Thy O 3.28
Light CDRLI 28Asp O 57Thr O 2.61
Light CDRUI 28Asp 0] 57Thr O 3.15
Light CDRU1 28Asp O 57Thr C 3.95
Light CDRL3 94 Thy O 130GIn C 3.838
Light CDRL3 94 Thr C 130G 0O 3.84
Light CDRL3 94Thr O 130Glu O 2.81
Heavy CDRH3 104Leu C 132Ala C 3.95
Heavy CDRH3 132Ala C 3.97
Light CDRLE 32Tyr O 132Ala C 3.59

*indicates contact points cutside of CDR regions as determined by Kabat sumbernng

The anti-aP2 monoclonal antibodies of the present invention can further be defined by
specific amino acids within the CDRs that contact the aP2 protein in its native, conformational
form during binding. In one embodiment, provided is a purified anti-aP2 monoclonal antibody
comprising a light chain comprising the following amino acids at the identified specific position:
CDRL1T - 27GlHu, 28Asp, 30Ser; CBRL3 - 92Tyr, 93Gly, 94Thr, 95Tyr, 96Ala; and 100Phe. In
one embodiment, the antibody binds to the human aP2 protein in its native confirmation and has
a KD of about > 107 M. In one embodiment, the anti-aP2 monoclonal antibody is humanized.

In one embodiment, provided is a purified anti-aP2 monoclonal antibody comprising a
light chain coraprising the following amino acids at the identified position: CDRL1 - 27Gly,
28Asp, 30Ser; CDRL3 - 92Tyr, 93Gly, 94Thr, 95Tyr, 90Ala; and 100Phe; and a heavy chain
comprising the following amino acid at the identified position: 104Leu. In one embodiment, the
antibody binds to the human aP2 protein in its native confirmation and has a KD of about > 107

M. In one embodiment, the anti-aP2 monoclonal antibody is humanized.
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In one embodiment, provided is a purified anti-aP2 monoclonal antibody comprising a
fight chain comprising the tollowing amino acid at the identitied position: CDRL3 — 91 Ala; and
a heavy chain comprising the following amino acids at the identified positions: CDRHI -
33Ala; CDRH2 — 528er. In one embodiment, the heavy chain further comprises the following
amino acid at the identified position: CDRH3 - 98Phe. In one embodiment, the antibody binds to
the human aP2 protein in its native confirmation and has a KD of about > 107 M. In one
embodiment, the anti-aP2 monocional antibody is humanized.

In one embodiment, the purified anti-aP2 monoclonal antibody binds to aP2 only
through, or primarily through, its light chain CDRs. In an alternative embodiment, the purified
anti-aP2 monoclonal antibody has light chain CDRs that bind to aP2 with a greater affinity than
its heavy chain CDRs bind to aP2.

In one embodiment, the purified anti-aP2 monoclonal antibody is characterized by having
a low affinity for human aP2 in its native, contormational form. In one embodiment, the purified
anti-aP2 monocional antibody has a KD for human aP2 of about > 107 M. In one embodiment,
the purified anti-aP2 monoclonal antibody has a KD for human aP2 of between about 10 to 107
M. In one embodiment, the purified anti-aP2 monoclonal antibody has a KD for human aP2 of
about > 500nM. In one embodiment, the purified anti-aP2Z monoclonal antibody has a2 KD for
human aP2 of about S00nM to about 10uM.  In one embodiment, the purified anti-aP2
monoctonal antibody has a KD for human aP2 of about 1uM to about 7uM. In one embodiment,

the purified anti-aP2 monoclonal antibody has a KD for human aPZ2 of about 2uM to about SpM.

In an alternative embodiment, the purified anti-aP2 monoclonal antibody has a low
binding affinity for mouse aP2 in its native, conformational form. In one embodiment, the
purified anti-aPZ monoclonal antibody has a KD for mouse aP2Z of > 107 M. In one
embodiment, the purified anti-aP2 monoclonal antibody has a KD for mouse aP2 of between
about 10 to 10 M. In one embodiment, the purified anti-aP2 monoclonal antibody has a KD
for mouse aP2 of about > 500nM. In one embodiment, the purified anti-aP2 monoclonal
antibody has a KD for mouse aP2 of about 500uM to about 10uM. In one embodiment, the
purified anti-aP2 monoclonal antibody has a KD for mouse aP2 of about 1uM to about 7uM. In
one embodiment, the purified anti-aP2 monoclonal antibody has a KII for mouse aP2 of about

2uM to about SuM.
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In one embodiment, the antibody specifically binds aP2, and does not specifically bind to
FABP5/Mall,

In one embodiment, provided is a purified anti-aP2 monoclonal antibody, and a process
of making same, wherein the affinity for aP2 has been reduced by identifving an anti-abP2
antibody having a KD for aP2 of at least < 10-7 M, altering at least one amino acid in etther a
CDR region or a FR region of the anti-aP2 antibody, wherein the alteration results in an anti-aP2
antibody with a KD of at least about > 107 M. In one embodiment, the altered antibody is
capable of binding to human aPZ in its native conformational form. In an alternative
embodiment, the altered antibody is capable of binding to mouse aP2 1n its native conformation
form. In one embodiment, provided is a method of reducing the affinity for an anti-aP2 antibody
having a KD of < 107 M comprising 1) identifying a monoclonal antibody having an affinity of
at least < 107 M for an aP2 protein, 2) identifying an amino acid within a CDR region that
contacts the aP2 protein in its native conformational form, and 3) substituting one or more
contact amino acids with an amino acid selected from alanine, phenylalanine, and serine,
wherein the substitutions result in a reduction in the affinity of the antibedy to a KD of about >
107 M. In one embodiment, a cysteine residue in CDRL3 is substituted. In one embodiment,
the cysteine residue is substituted with an amino acid selected from alanine, glutamine, and

histidine.

aP2-Binding Epitopes as Determined by Hydrogen-Deuterium Exchange
in one aspect of the invention, the purified monoclonal antibody binds to an epitope of
the human aP2 protein as determined by hydrogen-deuterium exchange (HDX) comprising at

least one, for example 1, 2, 3, 4, 5,6, 7, &, 9, or 10, or more, of amino acids 9-17, amino acids
2 2 9 2 E 3 2 E 3 3 3

20-28, or amino acids 118-132 of Seq. ID No. 1. In one embodiment, the purified monoclonal
antibody binds to an epitope of the human aP2 protein comprising at least one, for example 1, 2,
3,4,5 6,7, 8,9 10 or more, of amino acids 9-17 (WKLVSSENF) (Seq. 12 No. 22}, amino
acids  20-28 (YMEKEVGVGFEF) (Seq. 1D No. 23), or amino acids 118-132
{CYMEKGVTSTRVYERA) (Seq. ID No. 24) of Seq. H2 No. 1, and has a KD of at least about >
107 M. In one embodiment, the purified anti-aP2 monoclonal antibody binds to an epitope of

the human aP2 protein within 3-4 angstrom contact points of at feast one, for example 1, 2, 3, 4,

56,7, 8,9, 10 or more, of amino acids 9-17, amino acids 20-28, or amino acids 118-132 of Seq.
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{3 No. 1 when the human aP2 protein is in its native, conformational form. In one embodiment,
the puritied anti-aP2 monoclonal antibody binds to an epitope of the human aP2 protein within
3-4 angstrom contact points of at least one of, for example 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more,
aming acids 9-17, amino acids 20-28, or amino acids 118-132 of Seq. ID No. | when the human
aP2 protein is in its native, conformational form and has a KD of at least about > 107 M.
Hydrogen-deuterium exchange (HDX) to determine binding interactions and antibody-epitope
maps are well known in the art, for example, as described by Pandit et al. (20123 J. Mol

Recognit. Mar;25(3):114-24 (incorporated herein by reference)}.

Anti-aP2 Antibodies and Antigen Binding Agent Structures

Anti-aP2 monoclonal antibodies and antigen binding agents have been discovered that
have superior and unexpected activity for the treatment of aP2-mediated disorders. In one
embodiment, anti-aP2 monoclonal antibodies and fragments are provided that contain a light
chain or light chain fragment having a variable region, wherein said variable region comprises
one, two or three CDRs independently selected from Seq. ID No. 7, Seq. ID No. &, and Seq. ID
No. 9, Seq. ID No. 10, Seq. ID No. 11, Seq. ID No. 12 and Seq. ID No. 13, Alternatively, one or
more of the disclosed and selected CDRs can be altered by substitution of one or more aming
acids (for example, 1, 2, 3, 4, 5, 6, 7 or 8 amino acids) that do not adversely atfect or that
improve the properties of the antibody or antigen binding agent, as further described herein. In
one embodiment, the selected CDR(s) 1s/are placed in a human immunoglobulin framework. In
one embodiment, the human immunoglobulin framework s further modified or altered to
maintain the binding affinity specificity of the grafted CDR region.

Therefore, in another embodiment, it has been discovered that an antibody or antigen
binding agent that binds to aP2 protein in its secreted (non-cytosolic) state with a weaker binding
affinity of KD about > 107 M, has an improved ability to neutralize secreted aP2 and cause a
significant inhibitory effect on aP2-mediated disorders when provided to in an effective amount
to a host in need thereof,

In an antibody molecule, there are two heavy chains and two light chains. Each heavy
chain and each light chain has at its N-termunal end a variable domain. Each varnable domain is
composed of four framework regions (FRs) alternating with three complementarity determining

regions (CDRs). The residues in the variable domains are conventionally numbered according to
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a system devised by Kabat et al {(supra), or a combination of Kabat and Chothia as described
above for CDR-HI. This numbering system is used in the present specification except where
otherwise indicated.

Immunoglobulins (1g) are the antigen recognition molecules of B cells. An Ig molecule 1
made up of 2 identical heavy chains and 2 identical light chains, either kappa or lambda, joined
by disulfide bonds so that each heavy chain is linked to a light chain and the 2 heavy chains are
finked together. The kappa and lambda light chains have no apparent functional differences.
Each Ig kappa and lambda light chain has an N-terminal variable (V) region containing the
antigen-binding site and a C-terminal counstant (C) region, encoded by the C region gene (IGKC
or IGLC), that provides signaling functions. The kappa and lambda light chain V regions are
encoded by 2 types of genes: V genes and joining (J) genes. Random selection of just 1 gene of
gach type to assemble a V region accounts for the great diversity of V regions among Ig
molecules. The kappa light chain locus on human chromosome 2 contains approximately 40
functional V genes, followed by approximately 5 functional J genes. The lambda light chain
focus on human chromosome 22 contains approximately 30 functional V genes, followed by
approxirately 4 functional J genes. Due to polymorphism, the numbers of functional V and J
genes differ among individuals.

Each Ig heavy chain has an N-terminal variable (V) region containing the antigen-binding
site and a C-terminal constant {C) region, encoded by a C region gene, that provides effector or
signaling functions. The heavy chain V region is encoded by 3 types of genes: V genes, joining
{(J) genes, and diversity (B3) genes. Random selection of just 1 gene of each type to assemble a V
region accounts for the great diversity of V regions among Ig molecules. The heavy chain locus
on buman chromosome 14 contains approximately 40 functional V' genes, followed by
approximately 25 functional D genes and approximately ¢ functional | genes. Due to
polymorphism, the numbers of functional V, I, and D genes differ among 1ndividuals. There are
five types of mammalian immunoglobulin heavy chains: v, 6, o, 1t and &, They define classes of
immunoglobulins: IgG, IgD, IgA, IeM and IgE, respectively. Heavy chains v, o and & have a
constant region composed of three tandem {in a line next to each other) immunoglobulin
domains but also have a hinge region between CH1 and CH2 regions for added flexibility.

Heavy chains p and € have a constant region composed of four domains,
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The Kabat residue designations do not always correspond directly with the linear
numbering of the amino acid residues. The actual linear arino acid sequence roay contain fewer
or additional amino acids than in the strict Kabat numbering corresponding to a shortening of, or
insertion into, a structural component, whether framework or CDR, of the basic variable domain
structure. The correct Kabat numbering of residues may be determined for a given antibody by
alignment of residues of homology in the sequence of the antibody with a “standard” Kabat
numbered sequence.

The CDRs of the heavy chain variable domain are located at residues 31-35 ({CDRHT1),
residues 50-65 (CDRH2) and residues 95-102 (CDRH3) according to the Kabat numbering.
However, according to Chothia {(Chothia et al., (1987) J. Mel. Biol,, 196, 901-917), the loop
equivalent to CDR-H1 extends from residue 26 to residue 32, Thus unless indicated otherwise,
“CDR-H1T” as employed herein is intended to refer o residues 26 to 35, as described by a
combination of the Kabat numbering system and Chothia’s topological toop definition.

The CDRs of the light chain vanable domain are located at residues 24-34 (CDRL1),
residues 50-56 (CDRL2} and residues 89-97 (CDRL3) according to the Kabat numbering.
Antibodies for use in the present disclosure may be obtained using any suitable method known in
the art. The aP2 protein including fusion proteins, or cells (recombinantly or naturally)
expressing the protein, can be used to produce antibodies, which specifically recognize aP2. The
aPZ2 protein used can be the full biologically active protein or a fragment or derivative thereof.

aP2 proteins or peptides, for use to immunize a host, may be prepared by processes well
known in the art from genetically engineered host cells comprising expression systems or they
may be recovered from natural biological sources. The aP2 protein may in some instances be
part of a larger protein such as a fusion protein for example fused to an affinity tag or similar, or
complexed with its naturally occurring biological partner.

Antibodies generated against the aP2 protein may be obtained, where immunization of an
animal is necessary, by administering the protein to an animal, preferably a non-human animal,
using well-known and routine protocols, see for example Handbook of Experimental
Immunology, D. M. Weir {ed.), Vol 4, Blackwell Scientific Publishers, Oxftord, England, 1986).
Many warm-blooded animals, such as rabbits, mice, rats, sheep, cows, camels or pigs may be
immunized. However, mice, rabbits, pigs and rats are generally most suitable. Monoclonal

antibodies may be prepared by any method known in the art such as the hybridoma technique
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{Kohler & Milstein, 1975, Nature, 256:495-497), the trioma technique, the human B-cell
hybridoma technique (Kozbor et al., 1983, Immunology Today, 4:72) and the EBV-hybridoma
technique (Cole et al., Monoclonal Antibodies and Cancer Therapy, pp77-96, Alan R Liss, Inc,
1985).

Auntibodies for use in the invention may alsc be generated using single lvmphocyte
antibody methods by cloning and expressing immunoglobulin variable region cDNAs generated
from single lymphocytes selected for the production of specific antibodies by, for example, the
methods described by Babceook, 1. et al, 1996, Proc. Natl. Acad. Sci. USA 93(15):7843-7848l;
WO92/02551;, W02004/051268 and International Patent Application number W0O2004/106377.
Screening for antibodies can be performed using assays to measure binding to human aPZ2 and/or
assays to measure the ability to block aP2 binding to its natural receptor.  An  example of a
binding assay is an ELISA, in particular, using a fusion protein of human aP2 and human Fc,
which is immobilized on plates, and employing a secondary antibody to detect anti-aP2 antibody
bound to the fusion protein. Examples of suitable antagonistic and blocking assays are described
in the Examples herein.

Humanized antibodies (which include CDR-grafted antibodies) are antibody molecules
having one or more complementarity determining regions (CDRs) from a non-human species
{e.g., a rabbit or mouse) and a framework region from a human immunoglobulin molecule (see,
e.g. US 5,585,089, W(91/09967). It will be appreciated that it may only be necessary to transfer
the specificity determining residues of the CDRs rather than the entire CDR (see for example,
Kashmiri et al., 2005, Methods, 36, 25-34). Humanized antibodies may optionally further
comprise one or more framework residues derived from the non-human species from which the
CDRs were derived. The latter are often referred to as donor residues. The antibody molecules
of the present invention suitably have a binding affinity of about > 107" M, in particular in the
micromolar (M) range. Affinity may be measured using any suitable method known in the art,
including BlAcore, as described in the Examples herein, using isolated natural or recombinant
aP2 or a suitable tusion protein/pelypeptide. In one embodiment described herein, the binding
affinities of the anti-aP2 monoclonal antibody described herein may include antibodies having a
KD of about > 107 M. In one embodiment, the purified anti-aP2 monoclonal antibody has a KD
for human aP2 of between about 107 to 10° M. In one embodiment, the purified anti-aP2

monoclonal antibody has a KD for human aP2 of about 2 to about S uML
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In one example the antibody of the present invention does not bind FABP5/Mall. In one
example the antibody of the present invention binds aP2 in its natural noun-linear structural
conformation.

The affinity of an antibody or antigen binding agent of the present invention, as well as
the extent to which a binding agent {such as an antibody) inhibits binding, can be determined by
one of ordinary skill in the art using conventional techniques, for example those described by
Scatchard et al. (Ann. KY. Acad. Sci. 51:660-672 (1949)) or by surface plasmon resonance
(SPR) using systems such as BlAcore. For surface plasmon resonance, target molecules are
immobilized on a solid phase and exposed to ligands in a mobile phase running along a flow cell.
If ligand binding to the immobilized target occurs, the local refractive index changes, leading to
a change in SPR angle, which can be monitored in real time by detecting changes in the intensity
of the reflected light. The rates of change of the SPR signal can be analysed to yield apparent
rate constants for the association and dissociation phases of the binding reaction. The ratio of
these values gives the apparent equilibrium constant {affinity} (see, e.g., Woltf et al, Cancer Res.
53:2560-65 {1993)).

In the present invention affinity of the test antibody molecule s typically determined
using SPR as follows. The test antibody molecule is captured on the solid phase and human aP2
is run over the captured antibody in the mobile phase and affinity of the test antibody molecule
for human aP?2 is determined. The test antibody molecule may be captured on the solid phase
chip surface using any appropriate method, for example using an anti-Fe or anti Fab’ specific
determined at pH 7 4.

It will be appreciated that the affinity of antibodies provided by the present invention may
be altered using any suitable method known in the art. The present invention therefore also
relates to variants of the antibody molecules of the present invention, which have an improved
affinity for aP2.  Also contemplated, as described further herein, is the modification of high
affinity anti-human aP2 antibodies in order to reduce the KD to at least about > 107 M. Such
variants can be obtained by a number of affinity maturation protocols including mutating the
CDRs (Yang et al, J Mol Biol, 254, 392-403, 1995}, chain shuffling (Marks et al,
Bio/Technology, 10, 779-783, 1992}, use of mutator strains of E. coli (Low et al,, J. Mol Biol,,

250, 359-368, 1996), DNA shuftling (Patten et al , Curr. Opin. Biotechnol | 8, 724-733, 1997),
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phage display {Thompson et al , J. Mol. Biol,, 256, 77-88, 1996} and sexual PCR (Crameri et al,

Nature, 391, 288-201, 1998) Vaughan et al. (supra) discusses these methods of affinity

>

maturation.

CDR Regions
In one aspect of the present invention, an anti-aP2 monoclonal antibody or antigen
binding agent is provided that binds to aP2 protein in its native conformation wherein the

antibody comprises at least one, or more than one, of the CDR regions provided in Table 3.

Table 3: Anti-aP2 Antibody Complementarity Determining Regions (CDRs)

Protein Seq. ID No. SEQUENCE

CDREY 7 QASEDISRYLY

CDRL1 variant | 597 SYESSISSSNLH
CDRL2 & KASTLAS

CDRL2 variant | 598 GTSNLAS

CDRES 9 QCTYGTY AGSFFYS
CDRELS variant | i0 CATYGTYAGSFFYS
CDRL3 variant 2 11 QOQTYGTYAGSFFYS
{CDRL3 variant 3 12 QHTYGTYAGSFFYS
CDRL3 variant 4 13 QOQASHYPLT

CDRL3 variant 5 599 QOWSHYPLT

CDRH1 14 GFSLSTYYMS

CDRH1 variant 1 15 GYTFTSNAIT

CDRH1 variant 2 600 GYTFTSNWIT

CDRH2 16 UYPSGSTYCASWAKG
CDRH?2 variant 1 17 BYPSGSTYSASWAKG
CDRH2 varant 2 18 DISPGSGSTTNNEKFKS
CDRH?2 variant 3 601 DIYPGSGSTTNNEKFKS
CDRH3 19 PDONDGTSGYLSGFGL
CDRH3 variant 1 20 PDNEGTSGYLSGFGL
CDRH3 variant 2 21 LRGFYDYFDF

CDRHS variant 3 602 LRGYYDYFDF
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In one aspect, provided is a purified anti-aP2Z monoclonal antibody or antigen binding
fragment comprising a light chain wherein the variable domain comprises one, two, or three
CDRs independently selected from CDRLT (QASEDISRYLV) (Seq. 1D No. 7}, CBRL1 variant
I (SVSSSISSSNLH) (Seq. ID No. 597), CDRL2 (KASTLAS) (Seq. ID No. 8), CDRL2 variant 1
{GTSNLAS) (Seq. 1D No. 598), CDRL3 (QCTYGTYAGSFFYS) (8eq. 1B, No. 9), CDRL3
variant 1 (QATYGTYAGSFFYS) (Seq. ID No. 10), CDRL3 variant 2 (QQTYGTYAGSFFYS)
{Seq. ID No. 11), CDRL3 variant 3 (QHTYGTYAGSFFYS) (Seq. 1D No. 12), CDRL3 variant 4
(QQASHYPLT) (Seq. ID No. 13}, or CDRL3 variant 5 (QQWSHYPLT) (Seq. ID No. 599). In
one embodiment, provided herein i1s an antibody or antigen binding agent comprising a light
chain variable region comprising CDRL1T {Seq. ID No. 7), CDRL2 (Seq. 1D No. 8), and CDRL3
{Seq. ID No. 9). In one embodiment, provided herein is an antibody or antigen binding agent
comprising a light chain variable region comprising CBRL1 {Seq. 1D No. 7), CDRLZ (Seq. ID
No. 8), and CDRL3 variant 1 (Seq. ID No. 10). In one embodiment, provided herein is an
antibody or antigen binding agent comprising a light chain vartable region comprising CDRL1
{Seq. ID No. 7), CDRL2 (Seq. ID No. 8}, and CDRL3 variant 2 {Seq. ID No. 11). In one
embodiment, provided herein is an antibody or antigen binding agent comprising a light chain
vartable region comprising CDRL1 (Seq. ID No. 7), CDRL2 (Seq. ID No. &), and CDRL3
variant 3 {(Seq. 1D No. 12).

In one embodiment, provided herein is an antibody or antigen binding agent comprising a
light chain variable region comprising CDRL3 variant 4 (Seq. ID No. 13), wherein the antibody
has a2 KD of about > 107 M. In one embodiment, provided herein is an antibody or antigen
binding agent comprising a light chain vartable region comprising CDRL1 variant | (Seq. 1D No.
5973, CDRL2 variant 1 (Seq. 2 No. 598}, and CDRL3 variant 4 (Seq. I No. 13}, In one
embodiment, provided herein is an antibody or antigen binding agent comprising a light chain
vartable region comprising CDRL3 vanant 4 (Seq. 1D No. 13) and a heavy chain variable region
comprising CDHR1 variant 1 (GYTFTSNAIT) (Seq. ID No. 15), CDRHZ wvariant
(DISPGSGSTTNNEKFKS) (Seq. ID No. 18), and, in one embodiment, CDRH3 varant
{(LRGFYDYFDF) (Seq. ID No. 213}

[\

[

In one embodiment, the antibody or antigen binding agent comprises one, two, or three
CDRs selected from CDRLT (Seq. ID No. 7), CDRLZ (Seq. 1D No. 8), CDRL3 (Seq. 12 No. 9},
CDRL3 variant 1 (Seq. ID No. 10), CDRL3 vanant 2 (Seq. ID No. 11}, CDRL3 variant 3 (Seq.
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ID No. 12), and CDRL3 variant 4 {(Seq. ID No. 13), and has a KD of about >10”7 M. In one
embodiment, the CDR sequences identified above are grafted into a human immunoglobulin
framework. In one embodiment, the human immunoglobulin framework s further modified or
altered, for example within the Vernier zone, to maintain the binding affinity specificity of the
grafted CDR region.

In one embodiment, a purified anti-aP2 monocional antibody or antigen binding agent is
provided comprising a light chain wherein the variable domain comprises one, two, or three
CDRs independently selected from an amino acid sequence that is at least 80%, 85%, 90%, or
95% hormologous with CDRL1 (Seq. ID No. 7}, CDRLZ2 (Seq. ID No. 8), CDRL3 (Seq. D No.
9}, CDRL3 variant 1 (Seq. 1D No. 10), CDRL3 varant 2 (Seq. ID No. 11), CDRL3 variant 3
{Seq. ID No. 12), or CDRL3 variant 4 (Seqg. ID No. 13). In one embodiment, the antibody or
antigen binding agent has a KID of about > 107 M. In one embodiment, the CDR sequences
identified above are grafted into a human immunoglobulin framework. In one embodiment, the
human immunoglobulin framework is further modified or altered, for example within the Vernier
zone, to maintain the binding affinity specificity of the gratted CDR region. In one embodiment,
a purified anti-aP2 monoclonal antibody or antigen binding agent is provided comprising a light
chain wherein the variable domain comprises one, two, or three CDRs independently selected
from an amino acid sequence that has one or more {for example, 1, 2, 3, or 4} amino acid
substitutions, additions, or deletions as compared with CDRL1 (Seq. ID No. 7), CDRL2 (Seq. ID
No. 8), CDRL3 (Seq. ID No. 9), CDRL3 varniant 1 (Seq. ID No. 10), CDRL3 vanant 2 (Seq. ID
No. 11}, CDRL3 variant 3 (Seq. 1D No. 12}, or CDRL3 variant 4 (Seq. 1D No. 13).

In one aspect, provided 1s a purified anti-aP2 monoclonal antibody or antigen binding
agent comprising a light chain wherein the variable domain comprises one, two, or three CDRs
selected from CDRLI (Seq ID No. 7), CDRLZ (Seq. ID No. 8}, CDRL3 (Seq. ID No. 9},
CDRL3 variant 1 (Seq. ID No. 10), CDRL3 vanant 2 (Seq. ID No. 11}, CDRL3 variant 3 (Seq.
1D No. 12), or CDRL3 variant 4 (Seq. ID No. 13), and one, two, or three CDRs selected from
CDRH1 (GFSLSTYYMS) (Seq. ID NO. 14), CDRHI variant 1 (Seq. ID No. 15), CDRHI
variant 2 (GYTFTSNWIT) (Seq. ID No. 600), CDRH2 (IIYPSGSTYCASWAKG) (Seq. [ No.
16y, CDRHZ variant 1 (HIYPSGSTYSASWAKG) (Seq. 1D No. 17), CDRH2 varant 2 (Seq. ID
No. 18), CDRHZ wvariant 3 (DIYPGSGSTTNNEKFKS) (Seq. ID No. 601), CDHRS3
(PDNDGTSGYLSGFGL) (Seq. ID No. 19), CDRH3 variant 1 (PDNEGTSGYLSGFGL) (Seq.
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{2 No. 20}, CDRH3 variant 2 (Seq. ID No. 21), or CDRH3 variant 3 (LRGYYDYFDFW) (Seq.
ID No. 602). In one embodiment, provided herein is an antibody or antigen binding agent
comprising a heavy chain vartable region comprising CIDRHI variant 1 (Seq. ID No. 15),
CDRH2 variant 2 (Seq. ID No. 18), and CDRH3 variant 3 (Seq. ID No. 602). In one
embodiment, provided herein is an antibody or antigen binding agent comprising a heavy chain
variable region comprising CDRHI variant 1 (Seq. ID No. 15), CDRHZ2 variant 2 (Seq. 1D No.
18}, and CDRH3 variant 2 (Seq. ID No. 21). In one embodiment, the antibody or antigen
binding agent has a KD of about > 107 M. In one embodiment, the CDR sequences identified
above are grafted into a human immunoglobulin framework. Tn one embodiment, the human
immunoglobulin framework is further modified or altered, for example within the Vernier zone,
to maintain the binding affinity specificity of the grafted CDR region.

in one embodiment, the antibody or antigen binding agent comprises one, two, or three
CDRs selected from CDRHI (Seq. ID NO. 14), CDRHI variant 1 (Seq. ID No. 15), CDRHZ
{Seq. ID No. 16), CDRH2 varnant 1 (Seq. 1D No. 17), CDRHZ2 variant 2 (Seq. ID No. 18),
CDRH3 (Seq. ID No. 19), CDRH3 variant 1 (Seq. 1D No. 20}, or CDRH3 variant 2 (Seq. ID No.
21), and has a KD of about > 107 M. In one embodiment, the antibody or antigen binding agent
comprises CDRs CDRHI1 (Seq. ID No. 14}, CDRHZ {Seq. ID No. 16), and CDRH3 (Seq. ID No.
19). In one embodiment, the antibody or antigen binding agent comprises CDRs CDRH1T (Seq.
{2 No. 14), CDRHZ variant 1 (Seq. 2 No. 17}, and CDHR3 variant 1 {(Seq. I No. 20}, In one
embodiment, the antibody comprises CDRs CDRHI variant 1 (Seq. ID No. 15) and CDRH2
vartant 2 (Seq. 1D No. 18). In one embodiment, the antibody comprises CDRs CDRH1 variant 1
(Seq. ID No. 15), and CDRHZ varnant 2 (Seq. ID No. 18), and CDRH3 variant 2 {Seq. ID No.
21).  In one embodiment, the CDR sequences identified above are grafted into a human
immunoglobulin framework. In one embodiment, the human immunoglobulin framework is
further modified or altered, for example within the Vernier zone, to maintain the binding affinity
specificity of the grafted CDR region. In one embodiment, the antibody or antigen binding agent
comprises one, two, or three CDRs selected from an amino acid sequence that has one or more

~5 2

{for example, 1, 2, 3, or 4) amino acid substitutions, additions, or deletions as compared to
CDRH! (Seq. ID NO. 14), CDRHI variant 1 (Seq. ID No. 15), CDRH2 (Seq. ID No. 16},
CDRH2 variant | (Seq. ID No. 17), CDRH2 varant 2 (Seq. 1D No. 18), CDRH3 (Seq. ID No.

19), CDRH3 variant 1 (Seq. ID No. 20}, or CDRH3 variant 2 (Seq. ID No. 21).
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In one embodiment, a purified anti-aP2 monoclonal antibody or antigen binding agent is
provided comprising a heavy chain wherein the vanable domain comprises one, two, or three
CDRs selected from an amine acid sequence that is at least 80%, 85%, 90%, or 95% homologous
with CDRHI (Seq. ID No. 14), CDRHI vartant 1 (Seq. 1D No. 1S5}, CDRH2 (Seq. ID No. 16},
CDRH2 variant 1 (Seq. ID No. 17), CDRH2 variant 2 (Seq. ID No. 18}, CDRH3 (Seq. ID No.
19), CDRH3 vanant 1 (Seq. ID No. 20), or CDRH3 variant 2 (Seq. ID No. 21). In one
embodiment, the antibody or antigen binding agent has a KD of about > 107 M. In one
embodiment, the CDR sequences identified above are grafted into a human immunoglobulin
framework. In one embodiment, the human immunoglobulin framework s further modified or
altered, for example within the Vernier zone, to maintain the binding affinity specificity of the
grafted CDR region.

{CDRs can be altered or modified to provide for improved binding affinity, minimize loss
of binding affinity when grafted into a different backbone, or to decrease unwanted interactions

between the CDR and the hybrid framework as described further below.

Humanized Antibodies and Antigen Binding Agents

In one aspect of the present invention, provided herein are humanized anti-aP2
monoclonal antibodies and antigen binding agents. Humanized antibodies are antibodies
wherein the heavy and/or light chain contains one or more CDRs (including, if desired, one or
more moditied CDRs) from a donor antibody (e.g. a non-human antibody such as a murine or
rabbit monoclonal antibody) grafted 1nto a beavy and/or light chain variable region framework of
an acceptor antibody (e.g. a human antibody). For a review, see Vaughan et al, Nature
Biotechnology, 16, 535-539, 1998,

In one embodiment, rather than the entire CDR being transferred, only one or more of the
specificity determining residues from any one of the CDRs described herein above are
transferred to the human antibody framework (see for example, Kashmiri et al., 2005, Methods,
36, 25-34). In one embodiment only the specificity determining residues from one or more of
the CDRs described herein are transferred to the human antibody framework. In another
embodiment only the specificity determining residues from each of the CDRs described herein

are transferred to the human antibody framework.
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When the CDRs or specificity determining residues are grafted, any appropriate acceptor
variable region framework sequence may be used having regard to the class/type of the donor
antibody from which the CDRs are derived, including mouse, rabbit, primate and human
framework regions.

Suttably, the humanized antibody according to the present invention has a variable
domain comprising human acceptor framework regions as well as one or more of the CDRs
provided specifically herein. Thus, provided in one embodiment 15 a humanized monoclonal
antibody which binds human aP2 wherein the variable domain comprises human acceptor
framework regions and non-human donor CDRs.

Construction of CDR-grafted antibodies is generally described in European Patent
Application EP-A-0239400, which discloses a process in which the CDRs of a mouse
monocional antibody are grafted onto the framework regions of the variable domains of a human
immunoglobulin by site directed mutagenesis using long oligonucleotides, and is incorporated
herein. The CDRs determine the antigen binding specificity of antibodies and are relatively
short peptide sequences carried on the framework regions of the variable domains.

The earliest work on humanizing monoclonal antibodies by CDR-grafting was carried out
on monoclonal antibodies recognizing synthetic antigens, such as NP. However, examples in
which a mouse monoclonal antibody recognizing lysozyme and a rat monoclonal antibody
recognizing an antigen on human T-cells were humanized by CDR-grafting have been described
by Verhoeven et al. (Science, 239, 1534-1536, 1988) and Riechmann et al (Nature, 332, 323-
324, 1988}, respectively. Antibody humanization is achieved by grafting CDRs of a non-human
antibody, such as a mouse, rat, goat, or rabbit antibody, onto a “similar” human framework
{acceptor) and selecting minimal number of key framework residues (back-mutations) that are
manually selected from the donor monoclonal antibody and incorporated into human acceptor
framework 1n order to maintain the original CDR conformuation. Such methods are known in the
art, and include those described in Jones et al, Nature 321:522 (1986); Verhoeyen et al | Science
239:1534 (1988)), Sims et al, J. Immunol. 151: 2296 (1993); Chothia and Lesk, J. Mol. Biol.
196:901 (1987), Carter et al, Proc. Natl. Acad. Sci. U.S A, 89:4285 (1992}, Presta et al, I
frmunol. 151:2623 (1993), Padlan, Molecular Immunoclogy 28(4/5):489-498 (1991); Studnicka
et al., Protetn Engineering 7(6):805-814 (1994); Roguska. et al, PNAS 91.969-973 (1994), PCT
publication WO 91/09967, PCT/: US98/16280, US96/18978, US91/09630, USS1/05939,
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1US94/01234, (GB89/01334, GBO1/01134, (GB92/01755;, WO90/14443, WO090/14424,
WO90/14430, EP 229246, EP 592,106, EP 519,596, EP 239,400, U.S. Pat. Nos. 5,565,332,
5,723,323, 5,976,862, 5,824,514, 5,817,483, 5,814,476, 5,763,192, 5,723,323, 5,766,886,
5,714,352, 6,204,023, 6,180,370, 5,693,762, 5,530,101, 5,585,089, 5,225,539; 4,816,567, which
are incorporated herein.

The human variable heavy and light chain germline subfanuly classification can be
derived trom the Kabat germline subgroup designations: VHI, VH2, VH3, VH4, VHS3, VH6 or
VH7 for a particular VH sequence and JH1, JH2, JH3, JH4, JHS, and JH6 for a for a particular
variable heavy joining group for framework 4, VK1, VK2, VK3, VK4, VK35 or VK6 for a
particular VL kappa sequence for framework 1, 2, and 3, and JK1, JK2, JK3, JK4, or JKS5 for a
particular kappa joining group for framework 4; or VL1, VL2, VL3, VL4, VL5, VL6, VL7, VLS,
VL9, or VL10 for a particular VL lambda sequence for framework 1, 2, and 3, and JL1, JL2,
JL3, or JL7 for a particular lambda joining group for framework 4.

In one embodiment, the general framework of the light chain contermplated herein
comprises the structures selected from FRI-CDRL1-FR2-CDRL2-FR3-CDRL3-FR4 and FR1-
CDRLI-FRZ2-CDRL2-FR3-CDRL3-FR4-CL, and vanations thereof, wherein the CDR regions
are selected from at least one variable light chain CDR selected from Seq. I Nos. 7-13, the
framework regions are selected from either an iromunoglobulin kappa light chain variable
framework region, for example as provided in Table 4 (Seq. ID Nos. 25-149), or an
immunoglobulin lambda light chain variable framework region, for example as provided in
Table S (Seq. 1D Nos. 150-246), and an immunoglobulin light chain constant region from either
a kappa light chain constant region (Seq. 1D No. 247} when the framework region is a kappa
fight chain variable framework region, or a lambda light chain constant region (Seq. 1D No. 248)
when the framework region is a lambda light chain variable framework region.

In one embodiment, the general framework of the heavy chain regions contemplated
herein comprises the structures selected from FRI-CDRHI-FR2-CDRHZ-FR3-CDRH3-FR4,
FRI-CDRHI-FR2-CDRH2-FR3-CDRH3-FR4-CHI1, FRI-CDRHI-FR2-CDRH2-FR3-CDRH3-
FR4-CHI1-Hinge-CH2 for 1gG, Igh, and IgA immunoglobulin classes and FRI-CDRHI-FR2-
CDRH2-FR3-CDRH3-FR4-CHI-CH2 for IgM and IgE tmmunoglobulin classes, FR1-CDRHI-
FRZ-CDRH2-FR3-CDRH3-FR4-CH1-Hinge-CH2-CH3 for IgG, Igh, and IgA immunoglobulin
classes, FRI1-CDRHI-FR2-CDRH2Z-FR3-CDRH3-FR4-CHI1-CH2-CH3 for IgM and IgE
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immunoglobulin classes, and FRI-CDRHI-FRZ-CDRH2-FR3-CDRH3-FR4-CHI-CH2-CH3-
CH4 for IgM and IgE immunoglobulin classes, and variations thereof, wherein the CDR regions
are selected from at least one variable heavy chain CDR selected from Seq. H3 Nos. 14-21, and
the framework regions are selected from the heavy chain variable framework regions described
in Table 7 (Seq. 1D Nos. 249-407), and the heavy chain constant regions are selected from, for
example, those provided in Table 8 (Seq. ID Nos. 408-443). IgA and IgM classes can further
comprise a joining polypeptide {(Seq. 1D No. 444) provided in Table 9 that serves to hink two
monomer units of 1gM or IgA together, respectively. In the case of Ighl, the ] chain-joined
dimer 15 a nucleating unit for the IgM pentamer, and in the case of IgA it induces larger
polymers.

The constant region domains of the antibody mwolecule of the present invention, if
present, may be selected having regard to the proposed function of the antibody molecule, and in
particular the effector functions which may be required. For example, the constant region
domains may be human IgA, IgD, IgE, IgG or IgM domains. In particular embodiments, human
{g(G constant region domains may be used, especially of the IgG1 and Ig(G3 isotypes when the
antibody molecule s intended for therapeutic uses and antibody effector functions are required.
Alternatively, Ie(G2 and Ig(G4 isotypes may be used when the antibody molecule is intended for
therapeutic purposes and antibody effector functions are not required. It will be appreciated that
sequence variants of these constant region domains may also be used. For example IgG4
molecules in which the serine at position 241 has been changed to proline as described in Angal
et al., Molecular Immunology, 1993, 30 (1), 105-108 may be used. It will also be understood by
one skilled in the art that antibodies may undergo a variety of posttranslational modifications.
The type and extent of these modifications often depends on the host cell line used to express the
antibody as well as the culture conditions. Such modifications may include varations in
giycosylation, methionine oxidation, diketopiperazine forroation, aspartate isomerization and
asparagine deamidation. A frequent modification is the loss of a carboxy-terminal basic residue
{such as lysine or arginine) due to the action of carboxypeptidases (as described in Harris, RI
Journal of Chromatography 705:129-134, 1995). Accordingly, the C-terminal lysine of the
antibody heavy chain may be absent.

In one embodiment, the anti-aP2 monoclonal antibody comprises at least one light chatn

CDR selected from CDRLI (Seq. ID No. 7), CDRLZ (Seq. ID No. 8), CDRL3 (Seq. ID No. 9),
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or CDRL3 variant 1 {(Seq. ID No. 10}, CDRL3 variant 2 (Seq. D No. 11), CDRL3 variant 3
{(Seq. ID NO. 12), and CDRL3 variant 4 (Seq. ID No. 13), and/or at least one heavy chain CDR
selected from CDRHI (Seq. ID No. 14}, CBRH1 variant 1 (Seq. 1D No. 15), CDRHZ (Seq. ID
No. 16), CDRH2 varant 1 {Seqg. ID No. 17), CDRH2 variant 2 (Seq. ID No. 18), CDRH3 (Seq.
D No. 19), CDRH3 variant 1 (Seq. 1D No 203, or CDRH3 varnant 2 {(Seq. 1D No. 21), or a
combination or variant thereof, wherein the CDR is grafted into a human light or heavy chain
vartable framework, respectively.

In one embodiment, the anti-aP2 monoclonal antibody comprises one, two, or three light
chain CDRs selected from CDRLT (Seq. ID No. 7), CDRL2 (Seq. ID No. 8), CDRL3 (Seq. ID
No. 9}, CDRL3 variant 1 (Seq. I No. 10}, CDRL3 variant 2 {Seq. ID No. 11), CDRL3 varant
3 (Seq. ID NO. 12), and CDRL3 variant 4 (Seq. ID No. 13), or a combination or variant thereof,
grafted into a human acceptor light chain framework. In one embodiment, the anti-aP2
monoclonal antibody comprises a variable light chain comprising CDRL1 (Seq. ID No. 7),
CDRL2 (Seq. 1D No. 8), and CDRL3 (Seq. 1D No. 9) or CBRL3 variant 1 (Seq. 1D No. 10} or
CDRL3 variant 2 (Seq. ID No. 11) or CDRL3 variant 3 {Seq. [} No. 12}, or a combination or
vartant thereof, grafted into a human acceptor light chain framework. In one embodiment, the
human acceptor light chain framework is derived from an amino acid sequence encoded by a
human IGKV (VL kappa) gene for framework 1, 2, and 3, and an 1GKJ gene for frarnework 4.
In one embodiment, the human acceptor light chain framework 1s derived from an aminc acid
sequence encoded by a human IGLV (VL lambda) gene for framework 1, 2, and 3, and an IGLJ
gene for framework 4. Non-limiting examples of human light chain IGKV and IGKJ acceptor
framework regions are provided, for example, in Table 4, and non-himiting examples of human

fight chain IGLV and IGLJ acceptor framework regions are provide, for example, Table S.

Table 4. Human IGKV and IGKJ Framework Regions

Variable Light x Seq. ¥ Mo. Sequence

Chain FR

Region

012 FR1 25 DIOMTOSPSSLSASVGDRVTITC
012 FR2 26 WYQOQKPGKAPKLLIY
U012 FR3 27 GVPSRESGSGSGTDRTLTISSLOPEDFATYYC
Q2 FR1 28 DIOMTQSPSSLSASVGDRVTITC
02 FR2 29 WYQQKPGKAPKLLLY
O2 FR3 30 GVPSRFSGSGSGTDFTLTISSLOPEDFATYYC
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Variable Light x Seq. ID No, Sequence

Chain FR

Region

(18 FRI 31 DIOMTQSPSSLISASVGDRVTITC
Q18 FR2 3z WYQOKPGKAPKLLIY
O18 FR3 33 GVPSRFSGSGSGTDFTFTISSLOPERATYYC
08 FR1 34 DIQMTOQSPSSLSASVGDRVTITC
O8 FR2 35 WYQOQKPGKAPKLLIY
O8 FR3 36 GVPSRFSGSGSGTDFTFTISSLOPEDIATYYC
A20FR1 37 DIOMTQSPSSLSASVGDRVTITC
A20 FR2 38 WYQOQKPGKVPKLLIY
A20FR3 39 GVPSRFSGSGSGTDFTLTISSLOPEDVATYYC
A30FRI 40 DIOMTQSPSSLSASVGDRVTITC
A30FR2 41 WYQOQKPGKAPKRLLY
AZ0FR3 42 GVPSRFSGSGSGTEFTLTISSLOPEDFATYYC
Li4 FR1 43 NIQMTQSPSAMSASVGDRVTITC
Li4 FR2 44 WFQOKPGKVPRKHLIY
Li14FR3 43 GVPSRFSGSGSGTEFTLTISSLOPEDFATYY(C
LiFRI 46 DIOMTOSPSSLSASVGDRVTITC
L1 FR2 47 WHFQQKPGKAPKSLIY
L1 FR3 48 GVPSRFSGSGSGTDFTLUTISSLOQPEDFATYYC
LI5S FR1 49 DIQMTQSPSSLSASVGDRVTITC
Li5FR2 50 WYQQKPEKAPKSLIY
LISFR3 51 GVPSRFSGSGSGTDRTLTISSLOPEDFATYYC
L4 FRI 52 AIQLTOSPSSLSASYVGDRVTITC
L4 FR2 53 WYQOKPGKAPKLLIY
L4 FR3 54 GVPSRFSGSGSGTRFTLTISSLOPEDFATYYC
LIS FR1 35 AIQLTQSPSSLSASVGDRVTITC
Li8FR2 56 WYQOQKPGRAPKLLIY
LI8FR3 57 GVPSRFSGSGSGTDFTLTISSLOPEDFATYY(C
L3 FR1 58 DIOMTQSPSSVSASVGDRVTITC
L5FR2 59 WYQOQKPGKAPKLLIY
L5 FR3 60 GVPSRFSGSGSGTDRTLTISSLOPEDFATYYC
Li9FR1 61 DIOMTQSPSSVSASVGDRVTITC
Li9FR2 h2 WYQOQKPGKAPKLLLY
Li9FR3 63 GVPSRFSGSGSGTDRFTLTISSLOPEDFATYYC
L8 FR1 64 DIQLTOQSPSFLSASVGDRVTITC
LEFR2 65 WYQOKPGKAPKLLIY
L& FR3 a6 GVPSRFSGSGSGTEFTLTISSLOPEDFATYYC
L23 FR1 7 AIRMTQSPFSLSASVGDRVTITC
L23FR2 68 WYQOKPAKAPKLFTY
L23FR3 69 GVPSRFSGRGSGTDYTLTISSLOPEDFATYYC
LY FR1 7 AIRMTOQSPSSFSASTGDRVTITC
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Variable Light x Seq. ID No, Sequence

Chain FR

Region

L9 FR2 71 WYQOQKPGRAPKLLIY
L9 FR3 72 GVPSRFSGRSGSGTDFTLTISCLOSEDFATYYC
L24 FR1 73 VIWMTQSPSLLSASTGDRVTISC
L24 FR2 74 WYQOQKPGKAPELLTY
L24 FR3 75 GVPSRESGSGSGTDRTLTISCLOSEDFATYYC
Li1FR1 76 AIQMTQSPSSLSASVGDRVTITC
Li1FR2 77 WYQOQKPGKAPKLLLY
Li1FR3 78 GVPSRFSGSGSGTDRFTLTISSLOPEDFATYYC
Li2 FR1 79 DIOMTQSPSTLSASYGDRVTITC
LiZ FR2 80 WYQOKPGKAPKLLIY
Li2 FR3 &1 GVPSRFSGSGSGTEFTLTISSLOPDDFATYYC
011 FR1 82 DIVMTQTPLSLPVTPGEPASISC
O11 FR2 83 WYLQEPGQSPOLLLY
Q11 FR3 84 GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC
01 FR1 85 DIVMTQTPLSLPVTPGEPASISC
O1FR2 %6 WYLQKPGQSPOLLTY
(1 FR3 87 GVPDRESGSGSGTDFTLKISRVEAEDVGVYYC
A17FRI 83 DVVMTOQSPLSLPVTLGQPASISC
AT FR2 89 WEFQQRPGOSPRRLIY
A17FR3 90 GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC
A1 FRI 9 DVVYMTOSPLELPVTLGQPASISC
A1 FRZ 92 WFQORPGQSPRRLIY
ATFR3 93 GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC
A18FR1 94 DIVMTQTPLSLSVTPGQPASISC
AI8FR2 a5 WYLQEPGQSPQLLLY
A18 FR3 96 GVPDRESGSGSGTDFTLRISRVEAEDVGVYYC
A2 FR1 97 DIVMTQTPLSLSVTPGQPASISC
A2 FR2 98 WYLQKPGOPPOLLTY
A2 FR3 99 GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC
A19FR1 100 DIVMTOQSPLSLPVTPGEPASISC
AI9FR2 101 WYLQKPGQSPQLLIY
A19FR3 102 GVPDRFSGSGSGTDFTLKISRVEAEDVGVY YC
A3 FR1 163 DIVMTQOSPLSLPVTPGEPASIRC
A3 FR2 104 WYLQEPGQSPOLLLY
A3 FR3 103 GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC
A23 FR1 106 DIVMTOQTPLSSPVTLGQPASISC
A23FR2 107 WLOORPGOQPPRLLIY
A23 FR3 108 GVPDRESGSGAGTDFTLEISRVEAEDVGVYYC
A27 FRI1 109 EIVLTQSPGTLSLSPGERATLSC
A27 FR2 110 WYQQKPGOAPRLLIY
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Variable Light x Seq. ID No, Sequence

Chain FR

Region

A27 FR3 11t GIPDRFSGSGSGTDFTLTISRLEPEDFAVYY(C
A11 FR1 112 EIVLTQSPATLSLSPGERATLSC
A1l FR2 113 WYQQKPGLAPRLLLY
A11FR3 114 GIFDRFSGSGAGTDFTLTISRLEPEDFAVYYC
L2 FRY 115 EIVMTOQSPATLSVSPGERATLSC
L2 FR2 116 WYQOQKPGOQAPRLLIY
L2 FR3 117 GIPARFSGSGSGTEFTLTISSLOSEDFAVYYC
Li6 FR1 118 EIVMTQSPATLSVAPGERATLRC
Li6 FR2 119 WYQOKPGOQAPRLLIY
LI6FR3 120 GIPARFSGSGSGTEFTLTISSLOQSEDFAVYYC
Lo FR1 121 EIVLTQSPATLSLSPGERATLSC
L6FR2 122 WYQOQKPGQAPRLLIY
L6 FR3 123 GIPARFSGSGSGTDFTLTISSLEPEDFAVY YC
L20 FR1 124 EIVLTQSPATLSLSPGERATLSC
L20 FR2 125 WYQQKPGOAPRLLEY
L20FR3 126 GIPARFSGSGPGTDFTLTISSLEPEDFAVYY(C
L25FR1 127 EIVMTQSPATLSLSPGERATLSC
L25FR2 128 WYQOKPGOQAPRLLIY
L25FR3 129 GIPARFSGSGSGTDFTLTISSLOPEDFAVYY(C
B3 FR1 130 DIVMTQSPDSLAVSLGERATING
B3 FR2 131 WYQOKPGOPPKLLIY
B3 FR3 132 GVPDRESGSGSGTDFTLTISSLOAEDVAVYY(C
B2 FR1 133 ETTLTQSPAFMSATPGDEVNISC
B2 FR2 i34 WYQOQKPGEAAFIIQ
B2 FR3 133 GIFPRFSGSGYGTDFTLTINNIESEDAAYYFC
A26 FR1 136 EIVLTQSPDFQSVTPKEKVTITC
A26 FR2 137 WYQOQKPDOSPRLLIK
A26 FR3 138 GVPSRFSGSGSGTDFTLTINSLEAEDAATYYC
A0 FR1 139 EIVLTQSPDFQSVTPREKVTITC
A10FR2 140 WYQOKPDOSPKLLIK
AIQFR3 141 GVPSRFSGSGSGTDFTLTINSLEAEDAATYYC
A4 FR1 142 DVVMTOQSPAFLSVTPGERVTITC
A14FR2 143 WYQOQKPDQAPKLLIK
A14FR3 144 GVPSRFSGSGSGTDRTFTISSLEAEDAATYYC
JK1FR4 145 FGOGTKVEIK
JK2 FR4 146 FGQGTKLEIK
JK3 FR4 147 FGPGTRVDIK
JK4 ¥FRr4 148 FGGGTKVEIK
JK5FR4 149 FGOGTRLEIK
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Table 5. Human IGLV and IGLJ Framework Regions

Variable Light & Seq. I No. Seguence

Chain FR Region
1a FR1 150 QSVLTOPPSVSEAPROQRVTISC
la FRZ 151 WYQOLPGKAPKLLIY
1a FR3 152 GVSDRFSGSKSG—TSASLAISGLOSEDEADYYC
le FR1 153 QSYVLTOPPSVSGAPGQRVTISC
e FR2 154 WYQQLPGTAPKLLIY
le FR3 155 GVPORFSGRKSG—TSASLAITGLOAEDEADYYC
Ic FR1 156 OSVLTQPPSASGTPGQRVTISC
1c FR2 157 WYQOLPGTAPKLLIY
1¢ FR3 158 GVPDRFSGSKSG—TSASLAISGLOSEDEADYY(
g FR1 139 QSVLTOPPSASGTPGQRVTISC
1g FR2 160 WYQQLPGTAPKLLIY
1g FR3 161 GVPDRFSGSKSG—TSASLAISGLRSEDEADYYC
ib FR1 162 QSVLTOPPSVSAAPGORVTISC
1b FR2 163 WYQOLPGTAPKLLIY
1b FR3 164 GIPDRFSGRKSG—TSATLGITGLOTGDEADYYC
2¢ FR1 165 QSALTOQPPSASGSPGOSVTISC
2¢ FR2 166 WYQOQHPGKAPKLMIY
2¢ FR3 167 GVPDRFSGSKSG—NTASLTVSGLQAEDEADYYC
2¢ FR1 164 QSALTOPRSVSGRPGSVTISC
22 FR2 169 WYQOHPGKAPKIMIY
2e FR3 170 GVPDRFSGSKSG—NTASLTISGLOQAEDEADYYC
2a2 FR1 171 QSALTOQPASVSGSPGOSITISC
2a2 FR2 172 WYQOQHPGKAPKLMIY
2a2 FR3 173 GVSNRFSGSKSG—NTASLTISGLOAEDEADYYC
2d FR1 174 QSALTOPPSVSGSPGOSVTISC
24 FR2 175 WYQQFPGTAPKLMIY
24 FR3 176 GVPDRFSGSKSG—NTASLTISGLOQAEDEADYYC
2b2 FR1 177 OSALTQPASVSGSPGOSITISC
2b2 FR2 178 WYQOHPGKAPKLMIY
252 FR3 17 GVSNRFSGSKSG—NTASLTISGLQAEDEADYYC
3rFR1 180 SYELTOPPSVEVSPGQTASITC
3rFR2 181 WYQOKPGQSPVLVIY
3r FR3 182 GIPERFSGENSG—NTATLTISGTOAMDEADYY(C
3j FR1 183 SYELTOPLSVSVALGQTARITC
3j FRZ 184 WYQORPGQAPVLVIY
3] FR3 185 GIPERFSGSNSG—NTATLTISRAQAGDEADYYC
3p FR1 186 SYELTQPPSVSVSPGQTARITC
3pFR2 187 WYQOKSGOAPVLVIY
3p FR3 188 GIPERFSGSSS8G—TMATLTISGAQVEDEADYYC
3aFR1 189 SYELTOPPSVSVILGOMARITC
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Variable Light &
Chain FR Region

Seq. ID Ne.

Sequence

3a FR2 190 WYQQKPGOFPVLVIY

3a FR3 191 GIPERFSGSSSG—TIVTLTISGVQAEDEADYYC
31 FR1 192 SSELTODPAVSVALGQTVRITC

31 FR2 193 WYQQKPGQAPVLVIY

31 FR3 194 GIPDRFSGSSSG—NTASLTITGAQAEDEADYYC
3hFR] 195 SYVLTOPPSVSVAPGKTARITC

34 FR2 196 WYQOEPGQAPVLVIY

3h FR3 197 GIPERFSGSNSG—NTATLTISRVEAGDEADYYC
3e FRI 198 SYELTQLPSVSVSPGOTARITC

3¢ FR2 199 WYQOKPGQAPELVIY

3¢ FR3 200 GIPERFSGSTSG-—NTTTLTISRVLTEDEADYYC
3m FRI 201 SYELMOQPPSVSVSPGQTARITC

3m FR2 202 WYQQKPGQAPVLVIY

3m FR3 203 GIPERFSGSSSG—TTVILTISGVQAEDEADYYC
2-19 FR1 204 SYELTQPSSVSVSPGUTARITC

2-19 FR2 205 WFQQKPGQAPVLVIY

2-19 FR3 206 GIPERFSGSSSG—TTVTLTISGAQVEDEADYYC
4c FRI 207 LPVLTQPPSASALLGASIKLTC

4cFR2 208 WYQORPGRSPOYIMK

4¢ FR3 209 GIPDRFMGSSSG—ADRYLTFSNLOSDDEAEYHC
42 FR1 210 QPVLTQSSSASASLGSSVKLTC

4a FR2 211 WHOQQPGKAPRYLMK

4a FR3 212 GVPDRFSGSSSG—ADRYLTISNLOLEDEADYYC
4p FR1 213 QLVLTQSPSASASLGASVKLTC

4 FR2 214 WHOQOPEKGPRYLMK

4b FR3 215 GIPDRFSGSSSG—AERYLTISSLOSEDEADYYC
5¢ FRI 216 QPVLTOPPSSSASPGESARLTC

3¢ FR2 217 WYQOKPGSPPRYLLY

5e FR3 218 GVPSRFSGSKDASANTGILLISGLQSEDEADYYC
S¢ FRI 219 QAVLTQPASLSASPGASASLTC

5¢ FR2 220 WYQOQKPGSPPQYLLR

3¢ FR3 221 GVPSRFSGSEDASANAGILLISGLOSEDEADYYC
5b FR1 222 QPVLTQPSSHSASSGASVRLTC

Sb FR2 223 WYQOQKPGNPPRYLLY

5b FR3 224 GVPSRFSGSNDASANAGILRISGLOPEDEADYYC
6a FR1 225 NFMLTQPHSVSESPGKTVTISC

6a FR2 226 WYQOQRPGSSPTTVIY

6a FR3 227 GVPDRFSGSIDSSSNSASLTISGLK TEDEADYYC
7a FRI 228 QTVVTQEPSLTVSPGGTVTLTC

7a FR2 229 WFOQOKPGOAPRALLY

7a FR3 230 WTPARFSGSLLG—GKAALTLSGVQPEDEAEYYC
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Variable Light & Seq. ID Ne. Sequence
Chain FR Region
7b FR1 231 QAVVTOEPSLTVSPGGTVILTC
75 FR2 232 WFQOKPGQAPRTLIY
76 FR3 233 WITPARFSGSLLG—GKAALTLSGAQPEDEAEYYC
8a FR1 234 QTVVTQEPSESVSPGGTVILTC
83 FR2 233 WYQOQTPGQAPRTLIY
8a FR3 236 GVPDRFSGSILG—NKAALTITGAQADDESDYYC
9aFR1 237 QPVLTOPPSASASLGASVTLTC
9a FR2 238 WYQORPGKGPRFVMR
93 FR3 239 GIPDRFSVLGSG—LNRYLTIKNIQEEDESDYHC
10a FR1 240 QAGLTOPPSVSKGLRQTATLTC
10a FR2 241 WLOOHOQGHPPKLLSY
10a FR3 242 GISERLSASRSG—NTASLTITGLOFEDEADYYC
JL1FR4 243 FGTGTKVTVL
JL2FR4 244 FGGGTKLTVL
JL3 FR4 245 FGGGTKLTVL
IL7 FR4 246 FGGGTOLTVL

The immunogliobulin constant light chain region for use in the present invention is
determined by the variable light chain the CDRs are grafted into. For example, if the variable
light chain FR regions are derived from the immunoglobulin kappa light chain variable region,
then a constant light chain region from an 1mmunoglobulin kappa light chain constant region
{({GKC) can be used to produce a light chain VL-CL chain. An IGKC that may be used in the
present invention includes Seq. ID No. 247 in Table 6 below. Conversely, when the framework
region is immunoglobulin lambda light chain variable region, then an immunoglobulin lambda
light chain constant region (IGLC) may be used to produce a lambda VL-CL light chain. An
immunoglobulin lambda light chain coustant region that may be used in the present invention
includes (Seq. 1D No. 248) in Table ¢ below, and allelic variants thereof, which are generally

known in the art, for example as identified in OMIM entry 147200 for IGKC wvariants and

147220 for IGLC vanants.

Table 6. Sequence of Human Immunoglobulin Light Chain Constant Regions

Ig Light Chain Constant

. Seg. I3 No, Seguence
Region
TVAAPSVFIFPPSDEQLKSGTASVVCLLINN
Ig Kappa Constant 547 FYPREAKVOWKYVDNALQSGNSQESVTEQDS

Region JGKC)

KDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLBSPVTKSFNRGEC
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Ig Light Chain Constant

Region Seq. 1D No., Seguence

QPKAAPSVTLFPPSSEELQANKATLVCLIS

Ig Lambda 248 DFYPGAVTVAWKADSSPVKAGVETTTPSKG
Constant Region (IGLC) - SNNKYAASSYLSLTPEQWKSHRSYSCOVTH
EGSTVEKTVAPTECS

In one embodiment, the anti-aP2 monoclonal antibody has at least one heavy chain CDR
selected from CDRHI (Seq. ID No. 14), CDRHI variant 1 (Seq. ID No. 15), CDRH2 (Seq. 1D
No. 16}, CDRHZ2 variant 1 (Seq. 13 No. 17), CDRHZ2 variant 2 {(Seq. 13 No. 18), CDRH3 (Seq.
D No 19), CDRH3 variant 1 (Seq. ID No. 20), CHRH3 variant 2 (Seq. ID No. 21}, or a
combination or vartant thereof, grafted into a human acceptor heavy chatn framework. In one
embodiment, the anti-aP2 monoclonal antibody comprises CDRs CDRH1 (Seq. 1D No. 14),
CDRH2 (Seq. 1D No. 16), CDRH3 (Seq. ID No. 19), or variant thereof, grafted into a human
acceptor heavy chain framework. In one embodiment, the anti-aP2 monoclonal antibody
comprises CDRs CDRHI (Seq. ID No. 14), CDRH2 varant 1 (Seq. 1D No. 17), or CDRH3
variant 1 (Seq. ID No 20}, or a vanant thereof, grafted into a human acceptor heavy chain
framework. In one embodiment, the anti-aP2 monoclonal antibody comprises CDRs CDRHI
variant 1 (Seq. ID No. 15} and CDRH2 variant 2 (Seq. 1D No. 18), or a variant thereof, grafted
into a human acceptor heavy chain framework. In one embodiment, the anti-aP2 monoclonal
antibody comprises CDRs CDRHI variant 1 (Seq. ID No. 15), CDRHZ varnant 2 (Seq. ID No.
18), or CDRH3 variant 2 (Seq. ID No 21), or a variant thereof, grafted into a human acceptor
heavy chain frammework. In one embodiment, the human acceptor heavy chain frarnework is
derived from an aminc acid sequence encoded by a human IGHV gene for framework 1, 2, and
3, and an IGHJ gene for framework 4. Nouv-limiting examples of human heavy chain IGHV and

YGHJ acceptor framework regions are provided, for example, in Table 7.

Table 7: Sequences of Human Immunoglobulin Heavy Chain Variable Regions

Heavy Chain Seq. ID No. Sequence
Variable FR
Regions

1-02 FR1 249 QVOLVQSGAEVKKPGASVKVSCKAS
1-02 FR2 250 WVRQAPGQGLEWMG
i-02 FR3 251 RVIMTRDTSISTAYMELSRLRSDDTAVYYCAR
1-03 FR1 252 OVOLVOQSGAEVKKPGASVKVSCKAS
1-03 FR2 253 WVRQAPGORLEWMG
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Heavy Chain Seq. ID No, Sequence
Yaviable FR
Regions

1-03 FR3 254 RVTITRDTSASTAYMELSSLRISEDTAVYYCAR
1-08 FR1 233 QOVOLVQSGAEVKEPGASVKVSCKAS
1-08 FR2 236 WVROATGOQGLEWMG
1-08 FR3 257 RVTMTRNTSISTAYMELSSLRSEDTAVYYCAR
1-18 FR1 258 QVOLVQSGAEVKKPGASVKVSCKAS
1-18 FR2 259 WVRQAPGOGLEWMG
1-18 FR3 260 RVIMTTDTSTSTAYMELRSLRSDDTAVYYCAR
1-24 FR1 261 OVQLVOSGAEVKKPGASVKVECK VS
1-24 FR2 262 WYRQAPGKGLEWMG
1-24 FR3 263 RVTMTEDTSTDTAYMELSSLRSEDTAVYYCAT
1-45 FR1 264 OMQLVOSGAEVRKETGSSVKVSCEAS
1-45 FR2 265 WYRQAPGQALEWMG
1-45 FR3 266 RVYTITRDRSMSRTAYMELSSLRSEDTAMYYCAR
1-46 FR1 267 QVOLVQSGAEVKKPGASVKVSCKAS
1-46 FR2 268 WVRQAPGQGLEWMG
1-46 FR3 269 RVIMTRDTSTSTVYMELSSLRSEDTAVYYCAR
1-38 FR1 270 OMOLVOQSGPEVKKPGTSVKVSCKAS
1-38 FR2 271 WVROQARGORLEWIG
1-38 FR3 272 EVTITRDMSTSTAYMELSSLRSEDTAVYYCAA
1-69 FR1 273 OVOLVORSGAEVKEPGSSVEVSCKAS
1-69 FR2 274 WYRQAPGQGLEWMG
1-69 FR3 273 RVTITADESTSTAYMELSSLRSEDTAVYYCAR
1-¢ FR1 276 QOVOLVQSGAEVKEPGSSVEVSCKAS
i-e FR2 277 WVROAPGOGLEWMG
1-¢ FR3 278 RVTITADKSTSTAYMELSSLRSEDTAVYYCAR
1-fFR1 279 EVOQLVOSGAEVKEPGATVKISCKVS
1-fFR2 280 WVQQUAPGKGLEWMG
1I-fFR3 281 RVTITADTSTDTAYMELSSLRSEDTAVYYCAT
2-05 FR1 282 QITLKESGPTLVKPTQTLTLTCTFS
2-03 FR2 283 WIRQPPGKALEWLA
2-{5 FR3 284 RLTITKDTSKNQVVLTMTNMDPVDTATYYCAHR
2-26 FR1 285 QOVTLKESGPVLVEPTETLTLTCTVS
2-26 FR2 286 WIROQPPGKALEWLA
2-26 FR3 287 RLTISEDTSKSOQVVLTMTNMDPVDTATYYCAR]
2-70 FR1 288 QVTLKESGPALVKPTQTLTLTCTFS
2-70 FR2 289 WIRQPPGKALEWLA
2-70 FR3 290 RLTISKDTSKNQVVLTMTNMDPVDTATYYCARI
3-07 FR1 291 EVQLVESGGGLVQPGGSLRLSCAAS
3-07 FR2 292 WVYRQAPGKGLEWVA
3-07 FR3 293 RFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR
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Heavy Chain Seq. IB No. Sequence
Variable FR
Regions

309 FR1 294 EVOQLVESGGGLVOQPGRSLRLICAAS
3-09 FR2 295 WVRQAPGKGLEWVS
3-09 FR3 296 RFTISRDNAKNSLYLOMNSLRAEDTALYYCAKD
3-11 FR1 297 OVOQLVESGGGLVKPGGSLRLSCAAS
3-11 FR2 298 WIRQAPGKGLEWVS
3-11 FR3 299 RFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR
3-13FR1 300 EVQLVESGGGLVOQPGGSLRLSCAAS
3-13 FR2 301 WVROQATGKGLEWYS
3-13 FR3 302 RFTISRENAKNSLYLOMNSLRAGDTAVYYCAR
3~15 FR1 303 EVQLVESGGGLVKPGGSLELSCAAS
3-35 FR2 304 WVROQAPGKGLEWVG
3-15 FR3 305 RFTISRDDSKNTLYLOMNSLKTEDTAVYYCTT
3-20 FR1 306 EVQLVESGGGVVRPGGSLRLSCAAS
3-20FR2 307 WVRQAPGKGLEWVS
320 FR3 308 RFTISRDNAKNSLYLOMNSLRAEDTALYHCAR
3-21 FR1 309 EVQLVESGGGLVEPGGSLRLSCAAS
3-21 FR2 310 WYVRQAPGKGLEWVS
3-231 FR3 31t RFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR
3-23FR1 312 EVQLLESGGGLVQPGGSLRLICAAS
3-23FR2 313 WVROAPGKGLEWVS
3-23 FR3 314 RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK
3-30 FR1 313 QVOLVESGGGVVQPGRSLRLECAAS
3-30 FR2 316 WVRQAPGKGLEWVA
3-30 FR3 317 RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK
3-30.3 FR1 318 OVOLVESGGGVVQPGRSLRLSCAAS
3-30.3 FR2 319 WVROQAPGKGLEWVA
3-30.3 FR3 320 RFTISRDNSENTLYLOMNSLERAEDTAVYYCAR
3-3 FR1 321 OVQLVESGGGVVOQPGRSLRLSCAAS
3-30.5FR2 322 WVROAPGKGLEWVA
3-30.5 FR3 323 RFTISRDNSKNTLYLOMNSLRAEDTAVY YCAK
3-3FRI13 324 QVOLVESGGGVVQPGRSLRLECAAS
3-33 FR2 325 WVROAPGKGLEWVA
3-33 FR3 326 RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
3-43 FR1 327 EVQLVESGGVVVQPGGSLRLSCAAS
3-43 FR2 328 WVRQAPGKGLEWVS
3-43 FR3 329 RFTISRDNSKENSLYLOMNSLRTEDTALYYCAKD
3-48 FR1 330 EVOLVESGGGLVQPGGSLRLSCAAS
3-48 FRZ 331 WYRQAPGKGLEWVS
3~48 FR3 332 RFTISRDNAKNSLYLOMNSLRDEDTAVYYCAR
3-49 FR1 333 EVQLVESGGGLVQPGRSLRLSCTAS
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Heavy Chain Seq. IB No. Sequence
Yaviable FR
Regions

3-49 FR2 334 WEFRQAPGEKGLEWVG
3-49 FR3 335 RFTISRDGSKSIAYLOMNSLKTEDTAVYYCTR
3-33FR1 336 EVOLVETGGGLIQPGGSLRLICAAS
3-53 FR2 337 WVRQAPGKGLEWVS
3-33 FR3 338 RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
364 FR1 339 EVQLVESGGGLVQPGGSLELSCAAS
3-64 FR2 340 WYRQAPGKGLEYVS
3-64 FR3 341 RFTISRDNSKNTLYLOMGSLRAEDMAVYYCAR
3466 FR1 342 EVQLVESGGGLVQPGGSLRLSCAAS
366 FR2 343 WVRQAPGKGLEWVS
3-66 FR3 344 RFTISRDNSENTLYLOMNSLRAEDTAVYYCAR
3-72 FR1 345 EVOLVESGGGLVOPGGSLRLSCAAS
3-72 FR2 346 WVYRQAPGKGLEWVG
3~72 FR3 347 RFTISRDDSKNSLYLOMNSLKTEDTAVYYCAR
3~73 FR1 348 EVQLVESGGGLVQPGGSLEKLSCAAS
373 FR2 349 WYVRQOASGKGLEWVG
3-73 FR3 356 RFTISRDDSKNTAYLOMNSLETEDTAVYYCTR
3-74 FR1 351 EVOQLVESGGGLVOQPGGSLRLSCAAS
374 FR2 352 WVRQAPGKGLYWVS
3-74 FR3 353 RFTISRDMNAKNTLYLOMNSLRAEDTAVYYCAR
3-d FR1 354 EVQLVESRGVLVQPGGSLRLSCAAS
3-d FR2 353 WVROQAPGKGLEWVS
3-d FR3 356 RFTISRDNSENTLHLOMNSLERAEDTAVYYCKK
4-04 FR1 357 OVOQLQESGPGLVKPSGTLSLTCAVS
4-04 FR2 358 WYVRQPPGRGLEWIG
4-04 FR3 359 RVTISVDKSKNQFSLELSSVTAADTAVYYCAR
4-28 FR1 360 QVQLOESGPGLVKPSDTLSLTCAVS
4-28 FR2 361 WIRQPPGKGLEWIG
4-28 FR3 362 RVIMSVDTSKNQFSLELSSVTAVDTAVYYCAR
4-30.1 FR1 363 QVOLOESGPGLVEPSQTLSLTCTVS
4-30.1 FR2 364 WIRQHPGK.GLEWIG
4-30.1 FR3 365 RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
4-3 FR1 366 QLOLOESGSGLVKPSQTLSLTCAVS
4-30.2 FR2 367 WIRQPPGKGLEWIG
4-30.2 FR3 368 RVTISVDRSKNOQFSLELSSVTAADTAVYYCAR
4-3 FR10.4 369 OVQLQESGPGLVKPSQTLSLTCTVS
4-30.4 FR2 370 WIRQPPGKGLEWIG
4-30.4 FR3 371 RVTISVDTSENQFSLKLSSVTAADTAVYYCAR
4-3 FR1 372 QVOLOESGPGLVKPSQTLSLTCTVS
4-31 FR2 373 WIRQHPGKGLEWIG
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Heavy Chain Seq. IB No. Sequence
Variable FR
Regions

4-31 FR3 374 RVTISVDTSKNOQFSLKLSSVTAADTAVYYCAR
4-34 FR1 375 OQOVOQLOOQWGAGLLKPSETLSLTCAVY
4-34 FR2 376 WIRQPPGKGLEWIG
4-34 FR3 377 RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
4-39 FR1 378 QLOLQESGPGLVKPSETLSLTCTVS
4-39 FR2 379 WIRQPPGKGLEWIG
4-39 FR3 380 RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
4-39FR1 381 OVQLQESGPGLVKPSETLSLTCTVS
4-59 FR2 382 WIRQPPGKGLEWIG
4-39 FR3 383 RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
4-61 FR1 384 OVQLQESGPGLVKPSETLSLTCTVS
4-61 FR2 385 WIRQPPGKGLEWIG
4-601 FR3 386 RVTISVDTSENQFSLKLSSVTAADTAVYYCAR
4-b FR1 387 QVOLOESGPGLVKPSETLSLTCAVS
4-b FR2 388 WIRQPPGKGLEWIG
4-b FR3 389 RVTISVDTSKNOFSLEKLSSVTAADTAVYYCAR
5-51 FR1 390 EVQLVQSGAEVKKPGESLKISCKGS
5-31 FR2 391 WVYROMPGKGLEWMG
5-51 FR3 392 QVTISADKSISTAYLOWSSLKASDTAMY YCAR
5-a FR1 393 EVOLVOQSGAEVKKPGESLRISCKGS
5-a FR2 394 WYROMPGKGLEWMG
5-a FR3 393 HVTISADKSISTAYLOWSSLKASDTAMYYCAR
6-01 FR1 396 QOVQLQQSGPGLVKPSQTLSLTCAIS
6-01 FR2 397 WIRQSPSRGLEWLG
6-01 FR3 398 RITINPDTSENQFSLOLNSVIPEDTAVYYCAR
7-4.1 FRI 399 OVOLVOSGISELKEPGASVEVSCKAS
7-4.1 FR2 400 WVRQAPGQGLEWMG
7-4.1 FR3 401 RFVESLDTSVSTAYLQICSLKAEDTAVYYCAR
JHT FR4 402 WGQGTLVTVSS
JH2 FR4 403 WORGTLVTVSS
JH3 FR4 404 WGQGTMVTVSS
JH4 FR4 405 WGQGTLVTVSS
JH3 FR4 406 WGQGTLVTVSS
JHo FR4 407 WEOGTTVTVSS

(A

The immunoglobulin heavy chain counstant region for use in the present invention is
determinant on the immunoglobulin class desired. All classes of immunoglobulins—IgG, Igh,
IgA, IgM and IgH—are herein conternplated. For example, it the desured immunoglobulin is

{gG, then the amino acid sequence encoding the IgG heavy chain constant region {(IGGH) may
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be used. Immunoglobulin heavy chain constant regions that may be used in the present invention
include those of IGGH, IGDH, IGAH, IGMH, and IGEH (Seq. ID Nos. 408-443) provided in
Table 8 below, and allelic variants thereof, which are generally known in the art, for example as
identified in OMIM entry 147100 for IGGH! variants, 147110 for IGGH?2 variants, 147120 for
IGGHS3 variants, 147130 for IGGH4 variants, 146900 for IGAHT variants, 147000 for IGAH2
variants, 147180 for IGEH variants, 147020 for IGMH variants, 147170 for IGDH vanants, all
of which are incorporated by reference herein.  In certain embodiment, the hinge region of a
particular immunoglobulin class may be used in constructing the antibody contemplated herein.
In one embodiment, the hinge region can be derived from a natural hinge region amino acid
sequence as described in Table 8 (Seq. 1D Nos. 409, 413, 417, 425, 429, 433, and 437}, or a
variant thereof. In one embodiment, the hinge region can be synthetically generated. Further
contemplated herein are antibodies of immunoglobulin class IgA and IgM, which, in one
embodiment, may be complexed with a joining polypeptide described in Table 9, or a variant

thereof,

Table 8. Immunoglobulin Heavy Chain Counstant Region

Heavy Chain

N . Seq. ID No. | Sequence
Constant Region 4 4

ASPTSPKVFPLSLOSTOPDONVVIACLVQGFFPQEPLSVTWSESGQG

IGAH1 CHI 408 VTARNFPPSODASGDLYTTSSQLTLPATOCLAGK SVTCHVKHY TN
SQDVTVPCP

IGAHI Hinge 409 PSTPPTPSPSTPPTPSPS
CCHPRLSLHRPALEDLLLGSEANLTCTLTGLRDASGVTFTWTPSSG

IGAHI CH2 410 KSAVQGPPERDLCGCYSVSSVLPGCAEPWNHGKTFTCTAAYPESKT
PLTATLSKS
GNTFRPEVHLLPPPSEELALNELVILTCLARGFSPKDVLVRWLOGS

IGAH1 CH3 411 QELPREKYLTWASROEPSQGTTTFAVTSILRVAAEDWEKGDTFSC

MYGHEALPLAFTQK TIDRLA
ASPTSPKVFPLSLDSTPQDGNVYVVACLVQGFFPOEPLSVTWSESGO

IGAH2 CH1 412 NVTARNFPPSQDASGDLY TTSSQLTLPATQCPDOKSVICHVEHYTN
PSQDVTVPCP

IGAH2 Hinge 413 PPPPP
CCHPRLSLHRPALEDLLLGSEANLTCTLTGLRDASGATFTWTPSSG

IGAH2 CH2 414 KSAVOGPPERDLCGCYSVSSVLPGCAQPWNHGETFTC TAAHPELK
TPLTANITKS
GNTFRPEVHLLPPPSEELALNELVTLTCLARGFSPKDVLVRWLOGS

IGAH2 CH3 415 QELPREKYLTWASRQEPSQGTTTFAVTSILRVAAEDWKKGDTRSC

MVYGHEALPLAFTQRTIDRLA

APTKAPDVFPUSGCRIPKDNSPVVLACLITGYHPTSVIVIWYMGT
QSOPORTFPEIQRRDSY YMTSSQLSTPLOQWROQGEYKCVVOHTAS

IGDH CHI 416
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Heavy Chain

Constant Region

Seq. ¥ Mo.

Sequence

KSKKEIFRWP

1GDH Hinge

417

ESPKAQASSVPTAQPOAEGSLAKATTAPATTRNTGRGGEEKKKEKE
KEEQEERETKTP

IGDH CH2

418

ECPSHTQPLGVYLLTPAVODLWLRDEATFTCEFVVGSDLKDAHLTW
EVAGEKVPTGGVEEGLLERHSNGSQSOQHSRLTLPRSLWNAGTSVTCT
LNHPSLPPORLMALREP

IGDH CH3

419

AAQAPVKLSLNLLASSDPPEAASWLLCEVSGFSPPNILLMWLEDQR
EVNTSGFAPARPPPOPRSTTFWAWSVLRVPAPPSPOPATYTCVVSH
EDSRTLLNASRSLEVS

IGEH CHI

420

ASTOSPSVFPLTRCCKNIPSNATSVILGCLATGYFPEPVMVTCDTGS
LNGTTMTLPATTLTLSGHY ATISLETVSGAWAKOMFTCRVAHTPSS
TOWVDNKTES

IGEH CH2

421

VCSRDFTPPTVKILOSSCDGGGHFPPTIQLLCLVSGY TPGTINITWLE
DGOVMDVDLSTASTTOQEGELASTOSELTLSQKHWLSDRTYTCOVT
YOQGHTFEDSTKKCA

IGEH CH3

422

DSNPRGVSAYLSRPSPFDLFIRKSPTITCLVVDLAPSKGTVNLTWSR
ASGEKPVNHSTRKEEKQRNGTLTVTSTLPVGTRDWIEGETYQCRVT
HPHLPRALMRSTTKTS

IGEH CH4

423

GPRAAPEVYAFATPEWPGSRDKRTLACLIQNFMPEDISVOWLHNEY
QLPDARHSTTQPRK TKGSGFFVESRLEVTRAEWEQKDEFICRAVHE
AASPSOTVORAVSVNE

IGGHT CHI

424

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTIVSWNSGAL
TSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTK
VDKKV

1GGH1 Hinge

425

EPKSCDKTHTCPPCE

IGGH1 CH2

426

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVENKALPAPIEKTISKAK

IGGHT CH3

427

GOPREPOVYTLPPSRDELTENQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQQGNVFSCSVMHEA
LHNHYTQKSLSLSP

IGGH2 CHI

428

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVIVSWNSGALT
SGVHTFPAVLOSSGLYSLISVVTVPSSNFGTOTY TCNVDHKPSNTK
VDKTV

1GGH2 Hinge

ERE.CCVECPPCP

IGGH2 CH2

APPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVOFNW
YVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWELNGKEYKC
KVSNKGLPAPIEKTISKTK

IGGH2 CH3

GOPREPOVYTLPPSREEMTENQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPMLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEA
LHNHYTQRKSLSLSP

1GGH3 CHI

432

ASTKGPSVFPLAPCSRSTSGGTAALGCLVEDYFPEPVTVSEWNSGAL
TSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYTONVNHEHKPSNTK
VDKRV

IGGH3 Hinge

433

ELKTPLGDTTHTCPRCPEPE SCDTPPPCPRCPEPK SCDTPPPCPRCPE
PKSCDTPPPCPRCP

IGGHS CH2

APELLGGPSVFLFPPRPKDTLMISRTPEVTCVVVDVSHEDPEVQOFK
WYVDGVEVHNAKTKPREEQYNSTFRVVSVLTVLHODWLNGKEYK
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Heavy Chain

Constant Region Seq. D Ne. | Sequence

CKVSNKALPAPIEKTISKTK

GOPREPOVYTLPPSREEMTENQVSLTCLVKGFYPSDIAVEWESSGQ
1GGH3 CH3 435 PENNYNTTPPMLDSDGSFFLYSKLTVDRKSRWQOQGNIFSCSVMHEAL
HNRFTOQKSLSLSP
ASTKGPSVFPLAPCSRSTSESTAALGCLVEDYFPEPVTVSWNSGALT
IGGHA4 CHI1 436 SGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHEPSNTK
VDERVY

IGGH4 Hinge 437 ESKYGPPCPSCP
APEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVOFN
1GGH4 CH2 438 WYVDGVEVHNAKTEKPREEQFNSTYRVVSVLTVEHQDWLNGKEYK
CKVSNKGLPSSIEKTISK AK
GOPREPQVYTLPPSQEEMTKNOVSLTCLVKGFYPSDIAVEWESNGQ
1GGH4 CH3 439 PENNYKTTPPVLDSDGSFFLYSRLTVDKSRWOQEGNVFSCSVMHEAL
HNHYTOQKSLSLSL
GSASAPTLFPLVSCENSPSDTSSVAVGCLAQDEFLPDSITLSWEKYKNN
IGMH CHI 449 SDISSTRGFPSVLRGGKY AATSQVLLPSKDVMQGTDEHVVCKVQH
PNGNKEKNVPLP
VIAELPPKVEVEFVPPRDGFFGNPRKSKLICQATGFSPROIGVSWLEE
IGMH CH2 441 GKOVGESGVTTDOVOQAEAKESGPTTYRVISTLTIKESDWLGOSMET
CRVDHRGLTFQONASSMCWVP
DODTAIRVFAIPPSFASIFLTKSTKETCLVTDLTTYDSVTISWTRONG

IGMH CH3 442 EAVKTHTNISESHPNATFSAVGEASICEDDWNSGERFTCTVTHTDLP
SPLEQTISRPK
GVALHRPDVYLLPPAREQLNLRESATITCLVTGEFSPADVFVOWMQ

IGMH CH4 443 RGOPLSPEKYVTSAPMPEPQAPGRYFAHSILTVSEEEWNTGETYTC

VAHEALPNRVTERTVDKST

Table 9. Joining Polypeptide for IgA and IgM Class Antibodies

iz Protein Seq. I No. | Seguence
QEDERIVLVDNKCKCARITSRHRSSEDPNEDIVERNIROVPLNNRENISDPT
Joining 444 SPLRTRFVYHLSDLCKKCDPTEVELDNQIVTATQSNICBEDSATETCYTYD
Polypeptide RNKCYTAVVPLVYGGETKMVETALTPDACYPD

CDR and Human Framework Modifications

Riechmann et al | found that the transfer of the CDRs alone (as defined by Kabat (Kabat
et al. (supra) and Wu et al, } Exp Med, 132, 211-250, 1970})} was not sufficient to provide
satisfactory antigen binding activity in the CDR-grafted product. It was found that a number of
framework residues have to be altered so that they correspond to those of the donor framework
region. Proposed criteria for selecting which framework residues need to be altered are

described in International Patent Application WO 90/07861, which is incorporated herein.
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The substitution of non-human CDRs into a human variable domain framework is most
fikely to result in retention of the CDR’s correct spatial orientation if the human variable domain
framework adopts the same or simtlar conformation to the non-human variable framework from
which the CDRs originated. This is achieved by obtaining the human variable domains from
human antibodies whose framework sequences exhibit a high degree of sequence identity with
the non-human variable framework domains from which the CDRs were derived. As described
above, the heavy and light chain vanable framework regions can be derived from the same or
different human antibody sequences. The human antibody sequences can be the sequences of
naturally occurring human antibodies or can be consensus sequences of several human
antibodies. See Kettleborough et al, Protein Engineering 4:773 (1991}); Kolbinger et al, Protein
Engineering 6:971 (1993) and Carter et al, WO 92/22653.

Having identified the complementarity determining regions of the non-human donor
immunoglobulin and appropriate human acceptor immunoglobulins, the next step is to determine
which, if any, residues from these components should be substituted to optimize the properties of
the resulting humanized antibody. In general, substitution of human amino acid residues with
non-human amino acid residues should be minmimized, because introduction of non-human
residues increases the risk of the antibody eliciting a human-anti-donor-antibody {(HADA)
response in humans.  Art-recoguized methods of determining 1tmmune response can be
performed to monitor a HADA response in a particular host or during clinical trials. Hosts
administered humanized antibodies can be given an immunogenicity assessment at the beginning
and throughout the adminisiration of said therapy. The HADA response is measured, for
example, by detecting antibodies to the humanized therapeutic reagent, in serum samples from
the host using a method known to one in the art, including surface plasmon resonance techunology
{BIACORE) and/or solid-phase ELISA analysis.

The selection of amino acid residues for substitution 13 determined, 10 part, by computer
modeling.  Computer hardware and software are described herein for producing three-
dimensional images of immunoglobulin molecules. In general, molecular models are produced
starting from solved structures for immunoglobulin chains or domains thereof. The chains to be
modeled are compared for amino acid sequence similarity with chains or domains of solved
three-dimensional structures, and the chains or domains showing the greatest sequence similarity

is/are selected as starting points for construction of the molecular model. Chains or domains
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sharing at least 50% sequence identity are selected for modeling, and preterably those sharing at
feast 60%, 70%, 80%, 90%, sequence identity or more are selected for modeling. The solved
starting structures are modified to allow for differences between the actual amino acids in the
immunoglobulin chains or domains being modeled, and those in the starting structure. The
modified structures are then assembled into a composite immunogiobulin. Finally, the model is
refined by energy minimization and by verifying that all atoms are within appropriate distances
from one another and that bond lengths and angles are within chemically acceptable limits.

The selection of amino acid residues for substitution can also be determined, in part, by
exarmination of the characteristics of the amuno acids at particular locations, or empirical
observation of the effects of substitution or mutagenesis of particular amino acids. For example,
when an amino acid differs between a donor variable region framework residue and a selected
human variable region framework residue, the human framework amino acid should usually be
substituted by the equivalent framework amino acid from the donor antibody when it is
reasonably expected that the amino acid:

{1)  noncovalently binds antigen directly,

{2y  is adjacent to a CDR region,

(3}  otherwise interacts with a CDR region {e.g., is within about 3-6 Angstrom of a
CDR region as determined by coraputer modeling), or

{4y  participates in the VL-VH interface.

Residues which "noncovalently bind antigen directly” include amino acids in positions in
framework regions which have a good probability of directly ' interacting with amino acids on
the antigen according to established chemical forces, for example, by hydrogen bonding, Van der
Waals forces, hydrophobic interactions, and the like. CDR and framework regions are as defined
by Kabat et al. or Chothia et al | supra. When framework residues, as defined by Kabat et al |
supra, constitute structural loop residues as defined by Chothia et al., supra, the amino acids
present in the donor antibody may be selected for substitution into the humanized antibody.
Residues which are "adjacent to a CDR region” include amino acid residues in positions
immediately adjacent to one or more of the CDRs in the primary sequence of the humanized
immunoglobulin chain, for exarmple, in positions immediately adjacent to a CDR as defined by
Kabat, or a CDR as defined by Chothia (See eg., Chothia and Lesk 1MB 196:901 {1987}

These amino acids are particularly likely to interact with the amino acids in the CDRs and, if
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chosen from the acceptor, to distort the donor CDRs and reduce affinity. Moreover, the adjacent
amino acids may interact directly with the antigen (Aruit et al, Science, 233:747 (1986), which is
incorporated herein by reference) and selecting these amino acids from the donor may be
desirable to keep all the antigen contacts that provide atfinity in the original antibody.

Residues that "otherwise interact with a CDR region” include those that are determined
by secondary structural analysis to be in a spatial orientation sufficient to effect a CDR region. In
one embodiment, residues that "otherwise interact with a CDR region” are identified by
analyzing a three-dimensional model of the donor immunoglobulin {e.g, a computer-generated
model}. A three-dimensional model, typically of the original donor antibody, shows that certain
amino acids ocutside of the CDRs are close to the CDRs and have a good probability of
interacting with amino acids in the CDRs by hydrogen bonding, Van der Waals forces,
hydrophobic interactions, etc. At those amino acid positions, the donor immunoglobulin amino
acid rather than the acceptor immunoglobulin amino acid may be selected. Amino acids
according to this criterion will generally have a side chain atom within about 3 angstrom units
{A) of some atom in the CDRs and must contain an atom that could interact with the CDR atoms
according to established chemical forces, such as those listed above. In the case of atoms that
may form a hydrogen bond, the 3 A is measured between their nuclei, but for atoms that do not
form a bond; the 3 A is measured between their Van der Waals surfaces. Hence, in the latter
case, the nuclei must be within about 6 A (3 A plus the sum of the Van der Waals radii) for the
atoms to be considered capable of interacting. In many cases the nuclei will be from4 orSto 6
A apart. In determining whether an amino acid can interact with the CDRs, it is preferred not to
consider the last 8 amino acids of heavy chain CDR 2 as part of the CDRs, because from the
viewpoint of structure, these 8 amino acids behave more as part of the framework.

Amino acids that are capable of interacting with amino acids in the CDRs, may be
identified in yet another way. The solvent accessible surface area of each framework amino acid
is calculated in two ways: (1) in the intact antibody, and (2) in a hypothetical molecule consisting
of the antibody with its CDRs removed. A significant difference between these numbers of
about 10 square angstroms or more shows that access of the framework amino acid to solvent is
at least partly blocked by the CDRs, and therefore that the amino acid is making contact with the
CDRs. Solvent accessible surface area of an amino actd may be calculated based on a three-

dimensional model of an antibody, using algorithms known in the art (e.g, Connolly, J. Appl.
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Cryst. 16:548 (1983) and Lee and Richards, J. Mol Biol. 55:379 (1971), both of which are
incorporated herein by reference). Framework amino acids may also occasionally interact with
the CDRs indirectly, by affecting the conformation of another framework amino acid that in turn
contacts the CDRs.

Particular amino acids at several posttions in the framework are known to be capable of
interacting with the CDRs in many antibodies (Chothia and Lesk, supra, Chothia et al., supra and
Tramontano et al., J. Mol. Biol. 215:17S (1990), all of which are incorporated herein by
reference). Notably, the amino acids at positions 2, 48, 64, and 71 of the light chain and 71 and
94 of the heavy chain {(numbering according to Kabat) are known to be capable of interacting
with the CDRs in many antibodies. The amino acids at positions 35 in the light chain and 93 and
103 in the heavy chain are also likely to interact with the CDRs. At all these numbered
positions, choice of the donor amino acid rather than the acceptor amino acid (when they differ)
to be in the humanized immunoglobulin is preferred. On the other hand, certain residues capable
of interacting with the CDR region, such as the first 5 amino acids of the light chain, may
sometimes be chosen from the acceptor immunoglobulin without loss of affinity in the
humanized immunoglobulin,

In one embodiment, a humanized antibody to aP2 is provided comprising at least one
light chain CDR selected from Seq. 1D Nos. 7-13, at least one heavy chain CDR selected from
Seq. 1D Nos. 14-21, and at least one substitution within a human acceptor framework, wherein
the substitution is derived from a donor residue.

in one example a humanized antibody 1s provided, wherein at least the residues at one of
positions 23, 67, 71, 72, 73, 74, 76, 77, 78, 79, 88, 89, 91, 93 and 94 of the variable domain of
the heavy chain (Kabat numbering) are donor residues. In one embodiment, at least the residues
at one of positions 23, 67, 71, 72, 73, 74, 77, 78, 79, 89, and 91 of the variable domain of the
heavy chain (Kabat numbering) are donor residues. In one embodiment, at least the residues at
one of positions 23, 67, 71, 72, 73, 74, 77, 78, 79, 88, 89, 91, 93, and 94 of the variable domain
of the heavy chain (Kabat numbering) are donor residues, but optionally {(and in any
permutation} one or more of the residues at positions 23, 67, 71, 72, 73, 74, 77, 78, 79, &8, 89,
91, 93, and 94 may use the human acceptor sequence. See for example the sequence given in

Seq. 13 Nos. 455, 457, 459, 461, and 463,
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In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 1 of the heavy chain variable domain is replaced
with an alternative amino actd, for example glutamic acid,

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 23 of the heavy chain variable domain is replaced
with an alternative amino acid, for example threonine.

In one embodiment, the CDRs are Seq. 1D No. 14, Seq. 1D No. 16 or Seq. ID No. 17, and
Seq. 1D No. 19 or Seq. I No. 20, and residue 23 of the heavy chain is alanine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. I No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 67 of the heavy chain variable domain is replaced
with an alternative amino acid, for example phenylalanine.

In one embodiment, the CDRs are Seq. 1D No. 14, Seq. 1D No. 16 or Seq. [P No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 67 of the heavy chain variable domain 1s valine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. 1D No. 16 or Seq. I3 No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 71 of the heavy chain variable domain is replaced
with an alternative amino acid, for example lysine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. ID No. 19 or Seq. 1D No. 20, and residue 71 of the heavy chain variable domain is valine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. ID. No 19 or Seq. ID No. 20, and residue 72 of the heavy chain variable domain is replaced
with an alternative amino acid, for example alanine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. ID. No 19 or Seq. ID No. 20, and residue 72 of the heavy chain variable domain ts aspartic
acid.

In one embodiment, the CDRs are Seq. 1D No. 14, Seq. 1D No. 16 or Seq. ID No. 17, and
Seq. 1D No. 19 or Seq. ID No. 20, and residue 73 of the heavy chain variable domain is replaced
with an alternative amino acid, for example serine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. D No. 17, and

Seq. 1D No. 19 or Seq. ID No. 20, and residue 73 of the heavy chain variable domain is lysine.
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In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. 1D No. 19 or Seq. ID No. 20, and residue 74 of the heavy chain variable domain is replaced
with an alternative amino acid, for example threonine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. ID No. 19 or Seq. 1D No. 20, and residue 74 of the heavy chain variable domain s serine.

In one embodiment, the CDRs are Seq. 1D No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. 1D No. 19 or Seq. ID No. 20, and residue 77 of the heavy chain variable domain is replaced
with an alternative amino acid, for example threenine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. I No. 17, and
Seq. 1D No. 19 or Seq. 1D No. 20, and residue 77 of the heavy chain variable domain is
glutamine.

In one embodiment, the CDRs are Seq. 1D No. 14, Seq. 1D No. 16 or Seq. [P No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 78 of the heavy chain variable domain 1s replaced
with an alternative amino acid, for example valine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. 1D No. 19 or Seq. ID No. 20, and residue 78 of the heavy chain variable domain is
phenylalanine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. I No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 79 of the heavy chain variable domain is replaced
with an alternative amino acid, for example aspartic acid.

In one embodiment, the CDRs are Seq. 1D No. 14, Seq. 1D No. 16 or Seq. [P No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 79 of the heavy chain variable domain 1s serine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. 1D No. 16 or Seq. I3 No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 89 of the heavy chain variable domain is replaced
with an alternative amino acid, for example threonine.

In one embodiment, the CDRs are Seq. D No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. ID No. 19 or Seq. 1D No. 20, and residue 89 of the heavy chain variable domain is valine.

In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. D No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 91 of the heavy chain variable domain is replaced

with an alternative amino actd, for example phenvlalanine.
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In one embodiment, the CDRs are Seq. ID No. 14, Seq. ID No. 16 or Seq. ID No. 17, and
Seq. 1D No. 19 or Seq. 1D No. 20, and residue 91 of the heavy chain variable domain 1s tyrosine.

In one embodiment, the CDRs are Seq. 1D No. 14, Seq. 1D No. 16 or Seq. [P No. 17, and
Seq. ID No. 19 or Seq. ID No. 20, and residue 23 is alanine, residue 67 is valine, residue 71 13
valine, residue 72 is aspartic acid, reside 73 is lysine, reside 74 is serine, residue 77 ts glutamine,
residue 78 is phenylalanine, residue 79 is serine, residue 89 is valine, and residue 91 is tyrosine.

Accordingly, in one example there 1s provided a humanized antibody, wherein at least the
residues at one of positions 2, 3, 36, 37, 58, 63, or 70 of the variable domain of the light chain
(Kabat numbering) are donor residues. In one embodiment, at least the residues at one of
positions 2, 3, 63, or 70 of the variable domain of the light chain (Kabat numbering) are donor
residues. See for example the sequence given in Seq. 1D Nos. 446, 448, 450, and 452.

in one embodiment, the CDRs are Seq. 1D No. 7, Seq. ID No. 8, and Seq. IBD No. 9, Seq.
D No. 10, Seq. ID No. 11, or Seq. ID No. 12, and residue 2 of the light chain variable domain is
replaced with an alternative amino acid, for example valine.

In one embodiment, the CDRs are Seq. ID No. 7, Seq. 1D No. 8, and Seq. ID No. 9, Seq.
1D No. 10, Seq. ID No. 11, or Seq. ID No. 12, and residue 2 of the light chain variable domain is
isoleucine.

In one embodiment, the CDRs are Seq. ID No. 7, Seq. ID No. §, and Seq. D No. 9, Seq.
[P No. 10, Seq. I3 No. 11, or Seq. ID No. 12, and residue 3 of the light chain variable domain is
replaced with an alternative amino acid, for example valine.

in one embodiment, the CDRs are Seq. 1D No. 7, Seq. ID No. 8, and Seq. IBD No. 9, Seq.
D No. 10, Seq. ID No. 11, or Seq. ID No. 12, and residue 3 of the light chain variable domain is
glutamine.

In one embodiment, the CDRs are Seq. ID No. 7, Seq. 1D No. 8, and Seq. ID No. 9, Seq.
ID No. 10, Seq. ID No. 11, or Seq. ID No. 12, and residue 63 of the light chain variable domain
is replaced with an alternative amino acid, for example lysine.

In one embodiment, the CDRs are Seq. ID No. 7, Seq. ID No. §, and Seq. ID No. 9, Seq.
I No. 10, Seq. ID No. 11, or Seq. ID No. 12, and residue 63 of the light chain variable domain

is serine.
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In one embodiment, the CDRs are Seq. ID No. 7, Seq. 1D No. 8, and Seq. ID No. 9, Seq.
ID No. 10, Seq. 1D No. 11, or Seq. ID No. 12, and residue 70 of the hight chain variable domain
is replaced with an alternative amino acid, for example aspartic acid,

In one embodiment, the CDRs are Seq. ID No. 7, Seq. ID No. §, and Seq. ID No. 9, Seq.
I No. 10, Seq. ID No. 11, or Seq. ID No. 12, and residue 70 of the light chain variable domain
is glutamic acid.

In one embodiment, the CDRs are Seq. ID No. 7, Seq. 1D No. 8, and Seq. ID No. 9, Seq.
1D No. 10, Seq. ID No. 11, or Seq. ID No. 12, and residue 2 is isoleucine, residue 3 is glutamine,
residue 63 18 serine, residue 70 15 glutamic acid.

Residues which "participate in the VL-VH interface” or "packing residues” include those
residues at the interface between VL and VH as defined, for example, by Novotny and Haber,
Proc. Natl. Acad. Sci. USA, 82:4592-66 (1985) or Chothia et al, supra. Generally, unusual
packing residues should be retained in the humanized antibody if they differ from those in the
human frameworks.

In general, one or more of the amino acids fulfilling the above critena is substituted. In
some embodiments, all or most of the amino acids tulfilling the above criteria are substituted.
Occasionally, there is some ambiguity about whether a particular amino acid meets the above
criteria, and alternative variant immunoglobulins are produced, one of which has that particular
substitution, the other of which does not.  Alternative variant immunoglobulins so produced can
be tested in any of the assays described herein for the desired activity, and the preferred
immunoglobulin selected.

Usually the CDR regions in humanized antibodies are substantially identical, and more
usually, identical to the corresponding CDR regions of the donor antibody. Although not usually
desirable, it is sometimes possible to make one or more conservative aming acid substitutions of
CDR residues without appreciably affecting the binding affinity of the resulting humanized
immunoglobulin. By conservative or similar substitutions is intended combinations such as, for
example, leucine being substituted for isoleucine or valine. Other amino acids, which can often
be substituted for one another, include but are not limited io:

phenylalanine, tyrosine and tryptophan (amino acids having aromatic side chains);

lysine, arginine and histidine (amino acids having basic side chains);

aspartate and glutamate (amino acids having acidic side chains);
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asparagine and glutamine (amino acids having amide side chains); and,

cysteine and methionine (amino acids having sulphur-containing side chains).

Additional candidates for substitution are acceptor human framework amino acids that
are unusual or "rare” for a2 human immunoglobulin at that position. These amino acids can be
substituted with amino acids from the equivalent position of the donor antibody or from the
equivalent positions of more typical human immunoglobulins. For example, substitution may be
desirable when the amino acid in a human framework region of the acceptor immunoglobulin is
rare for that position and the corresponding amino acid in the donor immunoglobulin s common
for that position in human immunoglobulin sequences; or when the amino acid in the acceptor
immunoglobulin is rare for that position and the corresponding aminc acid in the donor
immunoglobulin is also rare, relative to other human sequences. These criterion help ensure that
an atypical amino acid in the human framework does not disrupt the antibody structure.
Moreover, by replacing an unusual human acceptor amino acid with an amino acid from the
donor antibody that happens to be typical for human antibodies, the humanized antibody may be
made less immunogenic,

The term "rare”, as used herein, indicates an amino acid occurring at that position in less
than about 20% but usually less than about 10% of sequences in a representative sample of
sequences, and the term "common,” as used herein, indicates an amino acid occurring in more
than about 25% but usually more than about 50% of sequences in a representative sample. For
example, all human light and heavy chain variable region sequences are respectively grouped
inte "subgroups” of sequences that are especially homologous to each other and have the same
amino acids at certain critical positions (Kabat et al, supra). When deciding whether an amino
actd in a human acceptor sequence is "rare” or "common” among human sequences, it will often
be preferable to consider only those human sequences in the same subgroup as the acceptor
sequence.

Additional candidates for substitution are acceptor human framework amino acids that
would be identified as part of a CDR region under the alternative definition proposed by Chothia
et al., supra. Additional candidates for substitution are acceptor human framework amino actds
that would be identified as part of a CDR region under the CDRs of Seq. ID Nos. 7-21 as

desacribed herein and/or the contact definifions described herein.

)
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Additional candidates for substitution are acceptor framework residues that correspond to
a rare or unusual donor frarnework residue. Rare or unusual donor framework residues are those
that are rare or unusual {as defined herein} for donor antibodies at that posttion. For donor
antibodies, the subgroup can be determined according to Kabat and residue positions identified
which differ from the consensus. These donor specific differences may point to somatic
mutations in the donor sequence, which enhance activity. Unusual residues that are predicted to
atfect binding are retained, whereas residues predicted to be unimportant for binding could be
substituted.

Additional candidates for substitution are non-germline residues occurring in an acceptor
framework region. For example, when an acceptor antibody chain (i.e., a human antibody chain
sharing significant sequence identity with the donor antibody chain) is aligned to a germline
antibody chain (likewise sharing significant sequence tdentity with the donor chain), residues not
matching between acceptor chain framework and the germline chain framework can be
substituted with corresponding residues from the germline sequence.

Other than the specific aminc acid substitutions discussed above, the framework regions
of humanized immunoglobulins are usually substantially 1dentical, and more usually, identical to
the framework regions of the human antibodies from which they were derived. Of course, many
of the amino acids in the framework region ruake little or no direct contribution to the specificity
or affinity of an antibody. Thus, many individual conservative substitutions of framework
residues can be tolerated without appreciable change of the specificity or affinity of the resulting
humanized immunoglobulin.  Thus, in one embodiment the variable framework region of the
humanized immunoglobulin shares at least 85% sequence similarity or identity to a human
variabie framework region sequence or consensus of such sequences. In another embodiment,
the variable framework region of the humanized immunoglobulin shares at least 90%, preferably
95%, more preferably 96%, 97%, 98%, or 99%, sequence sirotlarity or identity to a human
variable framework region sequence or consensus of such sequences. In general, however, such
substitutions are undesirable.

As used herein, degrees of identity and similarity can be readily calculated, for example
as described in Computational Molecular Biology, Lesk, AM., ed., Oxford University Press,
New York, 1988; Bioccomputing. Informatics and Genome Projects, Smith, B'W | ed., Academic

Press, New York, 1993; Computer Analysis of Sequence Data, Part 1, Griffin, A M., and Grittin,
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H.G, eds., Humana Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von
Heinje, ., Academic Press, 1987, Sequence Analysis Primer, Gribskov, M. and Devereux, I,
eds., M Stockton Press, New York, 1991, the BLAST™ goftware available from NCBI
(Altschul, S.F. et al., 1990, J. Mol. Biol. 215:403-410; Gish, W. & States, D.J. 1993, Nature
Genet. 3:266-272. Madden, T.L. et al., 1996, Meth. Enzymol. 266:131-141; Altschul, SF. etal,
1997, Nucleic Acids Res. 25:3389-3402; Zhang, J. & Madden, TL. 1997, Genome Res. 7:649-
656, which are incorporated by reference herein.

A number of reviews discussing CDR-grafted antibodies have been published, including
Vaughan et al. (Nature Biotechnology, 16, 535-539, 1998), which is incorporated by reference
herein.

The anti-aP2 antibodies of the present invention may include further additional binding
domains for example as per the molecule BVD-Ig as disclosed in WO 2007/024715, or the so-
called (FabFv)2Fc¢ described in WO2011/030107. Thus antibody as employed herein includes

bi, tri or tetra~valent full length antibodies.

Antigen Binding Agents

Antigen binding agents include single chain antibodies (i.e. a full length heavy chain and
light chain);, Fab, modified Fab, Fab’, modified Fab’, F(ab™)2, Fv, Fab-Fv, Fab-dsFv, single
domain antibodies {e.g. VH or VL or VHH) for example as described in WO 2001090190, scFv,
bi, tri or tetra-valent antibodies, Bis-scFv, diabodies, tribodies, triabodies, tetrabodies and
epttope~-antigen binding agents of any of the above (see for example Holliger and Hudson, 2005,
Nature Biotech. 23(9):1126-1136; Adair and Lawson, 2005, Drug Design Reviews - Online 2(3),
209-217). The methods for creating and manufacturing these antibody fragments are well known
in the art (see for example Verma et al, 1998, Journal of Immunoelogical Methods, 216, 165-
181). The Fab-Fv format was first disclosed in WO2009/040562 and the disulphide stabilised
versions thereof, the Fab-dsFv was first disclosed in WO2010/035012.  Other antibody
fragments for use in the present invention include the Fab and Fab’ fragments described in
International patent applications WOZ005/003169, WO2005/003170, and WQO2005/003171.
Multi-valent antibodies may comprise multiple specificities e.g  bispecific or may be
monospecific (see for example WO 92/22583 and W{05/113605). One such example of the

latter is a Tri-Fab (or TFM) as described in W(O92/22583.
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A typical Fab® molecule comprises a heavy and a light chain pair in which the heavy
chain comprises a variable region VH, a constant domain CHI and a natural or modified hinge
region and the light chain comprises a variable region VL and a constant domain CL.

In one embodiment, there is provided a dimer of a Fab’ according to the present
disclosure to create a F{ab’)2 for example dimerization may be through a natural hinge sequence
described herein, or derivative thereof, or a synthetic hinge sequence.

An antibody binding domain will generally comprise 6 CDRs, three from a heavy chain
and three from a light chain. In one embodiment, the CDRs are in a framework and together
form a variable region. Thus in one embodiment, the antigen binding agent includes a binding
domain specific for aP2 comprising a light chain variable region and a heavy chain variable
region.

it will be appreciated that one or more (for example 1, 2, 3 or 4) amino acid substitutions,
additions and/or deletions may be made to the CDRs or other sequences {e.g variable domains)
provided by the present invention, as described above or below, without significantly altering the
ability of the antibody to bind to aP2. The effect of any amino acid substitutions, additions
and/or deletions can be readily tested by one skilled in the art, for example by using the methods
described herein, in particular in the Examples.

In one embodiment, one or more {(for example 1, 2, 3 or 4) amino acid substitutions,
additions and/or deletions may be made to the CDRs or framework region employed in the
antibody or fragment provided by the present invention so that the binding affinity to aP2 is
retained, increased, or decreased to an affinity of about > 107 M. In one embodiment, provided
is a modified humanized antibody wherein modifications have been made to either the CDRs,
framework regions, or both, in order to decrease the binding affinity, for example, to about > 107

M.

Rabbit Donor CDR/Human Acceptor Framework Anti-aP2 Monoclonal Antibodies

In one aspect of the present invention a humanized anti-aP2 monoclonal antibody derived
from an anti-aP2 rabbit CDR/mouse framework hybrid donor monocional antibody is provided,
wherein the CDRs from the anti-human aP2 protein monoclonal antibody are grafted into human

light chain and heavy chain framework regions.
S fand

89



10

20

30

WO 2016/176656 PCT/US2016/030303

In one embodiment, the variable light chain Ab 909 VL (Seq. ID No. 445 (Table 10,
below and Figure 27)) is the donor light chain sequence used for subsequent grafting into a
human framework, wherein subsequent CDBR and framework modifications may be optionally
performed. In one embodiment, the CDRs provided for in Seq. ID Nos. 7, 8, and 9 derived from
the variable light chain provided in Seq. 1D No. 445, are grafted into the human immunoglobulin
kappa light chain variable domain of human immunoglobulin IGKVA30-JK4, resulting in a
humanized light chain variable region comprising A30 FR1 (Seq. ID No. 40)-CDRL1 (Seq. 1D,
No. 7)-A30 FR2 (Seq. ID No. 41)-CDRL2 (Seq. ID No. 8)-A30 FR3 (Seq. ID No. 41)-CDRL3
{Seq. ID. No. 9)-JK4 (Seq. ID No. 148).

In one embodiment, the CDRs provided for in Seq. 1D Nos. 7, &, and 10 derived from the
variable hight chain provided in Seq. ID No. 445, are grafted into the human immunoglobulin
kappa light chain variable domain of human immunoglobulin IGKVA30-JK4, resulting in a
humanized light chain variable region comprising A30 FR1 (Seq. ID No. 40)-CDRL1 (Seq. ID.
No. 73-A30 FR2 (Seq. ID No. 41)-CDRL2 (Seq. ID No. 8)-A30 FR3 (Seq. ID No. 41)-CDRL3
{Seq. ID. No. 10}-JK4 (Seq. ID No. 148), resulting in Ab 909 gl.13 (Seq. ID No. 487).

In one embodiment, provided is the humanized kappa light chain variable region 909 gl.1
{Seq. ID No. 446 (Table 10, below and Figure 27} wherein light chain variable region donor
residues 2V, 3V, 63K, and 70D from Ab 909 VL (Seq. ID No. 445) are used as amino acid
substitutes for the IGKV30-JK4 amino acids 21, 302, 638, 70E, resulting in the humanized kappa
light chain 909 g1 (Seq. ID No. 446 (Table 10, below and Figure 27)).

ln one embodiment, provided is the humanized kappa light chain 909 g1 VLACL (Seq.
1D No. 447 (Table 10, below)), wherein the humanized kappa light chain variable region 909
gl.1 {Seq. > No. 446 (Table 10, below and Figure 27)) further comprises a human kappa light
chain constant region.

In one embodiment, provided 15 the humanized kappa light chain 909 gl.10 (Seq. ID No.
448 (Table 10, below and Figure 27)) wherein the light chain variable region donor residues 2V,
3V, 63K, and 70D from Ab 909 VL (Seq. 1D No. 445) are used as amino acid substitutes for the
IGKV30-JK4 amino acids 21, 3Q, 635, 70K, and a substitution of an alanine in place of cysteine
in the second position of CDRL3 (CDRL3 variant | (Seq. ID No. 10)) is provided, resulting in
the humanized kappa light chain 909 gL.10 (Seq. ID No. 448 (Table 10, below and Figure 27}).
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Alternatively, a further substitution comprising C88A in FR3 is provided, resulting in Ab 909
¢l.50 (Seq. ID No. 488).

In one embodiment, provided is the humanized kappa light chain 909 gl.10 VL+CL (Seq.
1D No. 449 (Table 10, below)), wherein the humanized kappa light chain variable region 909
gl.10 (Seq. 1D No. 448 (Table 10, below and Figure 27)) further comprises a human kappa light
chain constant region. Alternatively, a further substitution comprising C88A in FR3 1s provided,
resulting in Ab909 gL 50VL + CL {Seq. ID. No. 490).

In one embodiment, provided is the humanized kappa light chain 909 g1.54 (Seq. ID No.
450 (Table 10, below)) wherein the light chain variable region donor residues 2V, 3V, 63K, and
70D from Ab 909 VL (Seq. ID No. 445} are used as amino acid substitutes for the IGKV30-JK4
amino acids 2L, 30, 635, 70E, and a substitution of an glutamine in place of cysteine in the
second position of CDRL3 (CDRL3 vanant 2 (Seq. 1D No. 11)) is provided, resulting in the
humanized kappa light chain 909 ¢I.54 (Seq. ID No. 450 (Table 10, below)).

In one embodiment, provided ts the humanized kappa light chain 909 gl.54 VL+CL
{Seq. ID No. 451 (Table 10, below}}, wherein the humanized kappa light chain variable region
909 gl.54 (Seq. ID No. 450 (Table 10, below)) further comprises a human kappa light chain
constant region.

In one embodiment, provided is the humanized kappa light chain 909 gl.55 (Seq. 1D No.
452 (Table 10, below}) wherein the light chain variable region donor residues 2V, 3V, 63K, and
70D from Ab 909 VL (Seq. ID No. 445} are used as amino acid substitutes for the IGKV30-JK4
amino acids 21, 3Q, 635, 70E, and a substitution of an histidine in place of cysteine in the second
position of CDRL3 (CDRL3 variant 2 (Seq. ID No. 12)) is provided, resulting in the humanized
kappa light chain 909 gL.SS (Seq. 1D No. 452 (Table 10, below)).

In one embodiment, provided is the humanized kappa light chain 909 gL.55 VE+CL (Seq.
ID No. 453 (Table 10, below)), wherein the humanized kappa light chain variable region 909
gL55 (Seq. ID No. 452 (Table 10, below)} further comprises a human kappa light chain constant

region.
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Table 10. Sequences of Humanized aP2 Light Chain Regions

Brotein

Seqg, 1D
No.

Scguence

Rabbit Ab 909 VL-
region

445

DVVMTQTPASVSEPVGGTVTIKCOASEDISRYLVWYQOKPGOPPK
RLIYKASTLASGVPSRFKGSGSGTDFTLTISDLECDDAATYYCQCT
YOTYAGSFEYSEGGUTEVVVE

909 gLl VL-region

446

DVVMTQSPSSLSASVGDRVTITCOASEDISRYLVWYQQEPGKAPK
RLIYKASTLASGVPSRFKGSGSGTDFTLTISSLOPEDFATYYCQCTY
GTYAGSFFYSFGGGTKVEIK

909 gl VL + CL-
region

447

DVVMTOSPSSLEASVGDRVTITCOASEDISRYLVWYQOKPGKAPK
RLIYKASTLASGVPSRFKGSGSGTDFTLTISSLOPEDFATYYCQCTY
GTYAGSFFYSFGGGTKVEIRRTVAAPSVFIFPPSDEQLESGTASVY
CLLNNFYPREAKVOWRVDNALQSGNSQESVTEQDSKDSTYSLSST
LTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC

909 gl.10 Vi-region

448

DVVMTOSPSSLSASVGDRVTITCOASEDISRYLVWYQOQKPGKAPK
RLIYKASTLASGVPSRFKGSGSGTDFTLTISSLOPEDFATYYCQATY
GTYAGSFFYSFGGGTEVEIK

909 gL10 VL + CL-
region

449

DVVMTQSPSSLSASVGDRVTITCQASEDISRYLVWYQOQKPGRAPK
RLIYKASTLASGVPSRFKGSGSGTDFTLTISSLOQPEDFATYYCQATY
GTYAGSFFYSFGGGTRVEIKRTVAAPSVEIFPPSDEQLKSGTASVY
CLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSST
LTLSKADYEKHEVYACEVTHOGLSSPVTKSFNRGEC

909 gl.54 VL.-region

450

DVVMTOQSPSSLSASVGDRVTITCQASEDISRYLVWYQOKPGKAPK
RLIYKASTLASGVPSRFKGSGSGTDFTLTISSLOQPEDFATYYCOQTY
GTYAGSFFYSFGGGTKVEIK

909 gl54 VL + CL-
region

451

DVVMTQOSPSSLEASVGDRVTITCOASEDISRYLVWYQQRPGKAPK
RLIYKASTLASGVPSRFKGSGSGTDFTLTISSLOPEDFATYYCOQQTY
GTYAGSFFYSFGGGTKVEIKRTVAAPSVEIFPPSDEQLESGTASVY
CLLNNFYPREAKVOWEVDNALQSGNSQESVTEQDSKDSTYSLSST
LTLSKADYEKHKVYACEVTHOGLSSPYVTKSENRGEC

909 g.55 VLi-region

DVVMTOSPSSLEASVGDRVTITCOASEDISRYLVWYQOKPGKAPK
RLIYKASTLASGVPSRFKGSGSGTDFTLTISSLOPEDFATYYCQHTY
GTYAGSFFYSFGGGTEVEIK

909 gl 55 VL + CL-
region

DVVMTOSPSSLSASVGDRVTITCQASEDISRYLVWYQOQKPGKAPK
REUIYEKASTLASGVPSREKGSGSGTDFTLTISSLOPEDFATYYCQHTY
GTYAGSFFYSFGGGTKVEIKRTVAARSVFIFPPSDEQLKSGTASVY
CLLNNFYPREAKVOQWKVDNALQSONSQESVTEQDSKDSTYSLSST
LTILSKADYEKHKVYACEVTHOQGLSSPVTEKSFNRGEC

909 gl.13 VLi-region

487

DIOMTOQSPSSLEASVGDRVTITCOASEDISRYLVWYQOKPGKAPK
RLIYKASTLASGVPSRESGSGSGTEFTLTISSLOPEDFATY YCQATY
GTYAGSFFYSFGGGTEVEIK

909 gL 13 VL + CL-
region

489

DIOMTOSPRSLSASVGDRVITTCOASEDISRYL VWY QQKPGK APK
RLIYKASTLASGVPSRFSGSGSGTEFTLTISSLOPEDFATYYCOQATY
GTYAGSFFYSFGGOTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVY
CLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSST
LTLSKADYEKHKVYACEVTHOGL SSPVTKSFNRGEC

909 gL50 VLi-region

488

DVVMTQOSPSSLEASVGDRVTITCOASEDISRYLVWYQQRPGKAPK
RLIYKASTLASGVPSRFKGSGSGTDFTLTISSLOPEDFATYYAQATY
GTYAGSFFYSFGGOGTEKVEIK
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Seg. 1D
Protein ) Sequence
Ng.
DYVVMTOSPSSLSASVGDRVTITCOASEDISRYLYWY QOEPGKAPK
909 21,50 VL + CL- RLIYKASTLASGVPSRFKGSGSGTDFTLTISSLOPEDFATYYAQATY
o ici1 ’ 490 CTYAGSFFYSFQGGTKVEIKRTVAAPSVRIFPPSDEQLESGTASVY
10 CLLNNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTYSLSST
LTLSKADYEKHKVYACEVTHOGLSSPVIKSFNRGEC

For example, the variable heavy chain Ab 909 VH (Seq. 1D No. 454 (Table 11, below
and Figure 28)) is the donor heavy chain sequence used for subsequent grafting into a human
framework, wherein subsequent CDR and framework modifications may be optionally
performed. In one embodiment, the variable heavy CDRs provided for in Seq. 1D, Nos. 14, 16,
and 19 derived from the variable heavy chain provide in Seq. ID No. 454, are grafted into the
human immunogiobulin heavy chain variable domain of human immunoglobulin IGHV4-04-1H4
{Seq. ID No. 481 (Figure 28)), resulting in a humanized heavy chain variable region comprising
4-04 FR1 (Seq D No. 357-CDRHI1 (Seq. ID No. 14)-4-04 FR2 (Seq. ID No. 358)-CDRH2
{(Seq. [D No. 16)-4-04 FR3 (Seq. ID No. 359)-CDRH3 (Seq. ID No. 19)-JH4 (Seq. 1D No. 405).

In one embodiment, the humanized heavy chain variable region 909 gH1 variable region
is provided (Seq. 1D No. 455 (Table 11, below and Figure 28}}) wherein the heavy chain variable
region donor residues 23T, 67F, 71K, 72A, 73S, 747, 77T, 78V, 79D, 89T, 91F from Ab 909
VH {Seq. 1D No. 454) are used as amino acid substitutes for the IGHV4-04-JK4 amino acids
23A, 67V, 71V, 72D, 73K, 748, 77Q, 78F, 795, 89V, 91Y, and 1E is substituted for the IGHV4-
04-JK4 amino acid 1Q, and a two amino acid residue amino acid gap in framework 3, in the loop
between beta sheet strands D and E at amino acids 75 and 76 is maintained, resulting in the
humanized heavy chain 909 gHl (Seq. ID No. 455 (Table 11, below and Figure 28)).

In one embodiment, the humanized IgG4 heavy chain 909 gH1 VH + IgG4P Constant is
provided (Seq. ID No. 456 (Table 11, below)), wherein the humanized heavy chain variable
region 909 gH1 (Seq. H2 No. 455 (Table 11, below and Figure 28)) further comprises a human
{gG4P constant region. IgG4P as employed herein is a mutation of the wild-type IgG4 isotype
where amino acid 241 is replaced by proline see for example where serine at position 241 has
been changed to proline as described in Angal et al., Molecular Immunology, 1993, 30 (1}, 105-

108.
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In one embodiment, the humanized heavy chain variable region 909 gH14 variable region
1g provided (Seq. D No. 457 (Table 11, below and Figure 28)) wherein the heavy chain variable
region donor residues 67F, 71K, 724, 738, 74T, 77T, 78V, 7903, 89T, 91F from Ab 909 VH
{Seq. ID No. 454} are used as amino acid substitutes for the IGHV4-04-JK4 amino acids 67V,
7YV, 72D, 73K, 748, 77Q, 78F, 798, 89V, 91Y, and 1E is substituted for the IGHV4-04-JK4
amino acid 1Q, resulting in the humanized heavy chain 909 gH14 (Seq. ID No. 457 (Table 11,
below and Figure 28)).

In one embodiment, the humanized 1g(G4 heavy chain 909 gH14 VH + IgG4P Constant is
provided (Seq. ID No. 458 (Table 11, below)), wherein the humanized heavy chain varable
region 909 gH14 (Seq. ID No. 457 (Table 11, below and Figure 28} further comprises a human
{gG4P constant region. IgG4P as employed herein is a mutation of the wild-type IgG4 isotype
where amino acid 241 is replaced by proline see for example where serine at position 241 has
been changed to proline as described in Angal et al., Molecular Immunology, 1993, 30 {1}, 10S-
108.

In one embodiment, the humanized heavy chain variable region 909 gH15 variable region
{Seq. ID No. 459 (Table 11, below and Figure 28)) is provided wherein the heavy chain variable
region donor residues 23T, 67F, 71K, 72A, 738, 74T, 77T, 78V, 79D, 89T, O1F from Rabbit Ab
909 VH (Seq. ID No. 454) are used as amino acid substitutes for the IGHV4-04-JK4 amino acids
23A, 07V, 71V, 72D, 73K, 748, 77Q, T8F, 798, 89V, 91Y, and 1E is substituted for the IGHV4-
04-JK4 amino acid 1Q, and there is a substitution of a serine in place of cysteine in the tenth
position of CDRH2 (CDRHZ variant 1 {Seq. ID No. 17}) and a substitution of a glutamic acid in
place of aspartic acid 1n the fourth position of CDRH3 (CDRH3 variant 1 (Seq. ID No. 20),
resulting in the humanized heavy chain 909 gH15 VH region (Seq. 1D No. 459 (Table 11, below
and Figure 28)).

In one embodiment, the bumanized IgG4 heavy chain 909 gH1S VH + IgG4P Counstant
{Seq. ID No. 460 (Table 11, below)} is provided, wherein the humanized heavy chain variable
region 909 gHIS VH (Seq. ID No. 459 (Table 11, below and Figure 28)) further comprises a
human IgG4P constant regton. IgG4P as employed herein ts a mutation of the wild-type 1gG4
1sotype where amino acid 241 is replaced by proline see for example where serine at position 241
has been changed to proline as described in Angal et al, Molecular Immunology, 1993, 30 (1},

105-108.
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In one embodiment, the humanized heavy chain variable region 909 gH61 variable region
{Seq. ID No. 461 (Table 11, below and Figure 28)) is provided wherein the heavy chain variable
region donor residues 71K, 738, 78V from Rabbit Ab 909 VH (Seq. ID No. 454) are used as
amino acid substitutes for the IGHV4-04-JK4 amino acids 71V, 73K, 78F, and 1E 1s substituted
for the IGHV4-04-JK4 amino actd 1Q, resulting in the humanized heavy chain 909 gH61 VH
region (Seq. [D No. 461 (Table 11, below and Figure 28)).

In one embodiment, the bumanized IgG4 heavy chain 909 gH61 VH + IgG4P Counstant
{Seq. ID No. 462 (Table 11, below)} is provided, wherein the humanized heavy chain variable
region 909 gHo61 VH (Seq. ID No. 461 (Table 11, below and Figure 28)) further comprises a
human IgG4P constant region. [gG4P as employed herein is a mutation of the wild-type IgG4
1sotype where amino acid 241 is replaced by proline see for example where serine at position 241
has been changed to proline as described in Angal et al., Molecular Immunology, 1993, 30 (1},
105-108.

In one embodiment, the humanized heavy chain variable region 909 gH62Z variable region
{Seq. ID No. 463 (Table 11, below and Figure 28)) is provided wherein the heavy chain variable
region donor residues 71K, 738, 78V from Rabbit Ab 909 VH (Seq. ID No. 454) are used as
amino acid substitutes for the IGHV4-04-JK4 amino acids 71V, 73K, 78F, and 1E is substituted
for the IGHV4-04-JK4 amino acid 143, and there is a substitution of a serine in place of cysteine
in the tenth position of CDRH2 (CDRHZ vanant 1 {Seq. ID No. 17}) and a substitution of a
glutamic acid in place of aspartic acid in the fourth position of CDRH3 (CDRH3 varant 1 (Seq.
ID No. 20}, resulting tn the humanized heavy chain 909 gH62 VH region (Seq. I No. 463
{Table 11, below and Figure 28)).

In one embodiment, the humanized 1gG4 heavy chain 909 gH62 VH + IgG4P Constant
{Seq. ID No. 464 (Table 11, below)}) is provided, wherein the humanized heavy chain variable
region 909 gHO2 VH (Seq. 1D No. 463 (Table 11, below and Figure 28)) turther comprises a
human IgG4P constant region. IgG4P as emploved herein is a mutation of the wild-type 1gG4
isotype where amino acid 241 1s replaced by proline see for example where serine at position 241
has been changed to proline as described in Angal et al., Molecular Immunclogy, 1993, 30 (1),

105-108.
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Table 11. Sequences of Humanized aP2 Heavy Chain Regions

Protein

Seq. 1D
No.

Seguence

Rabbit Ab 909 VH
region

454

QSVEESGGRLVTPGTPLTLTCTVSGESLSTY YMSWVROAPGKGLE
WIGHYPSGRTYCASWAKGRFTISKASTTVDLEITSPTTEDTATYFC
ARPDNDGTSGYLSGFGLWGQGTLVTVSS

909gH1 VH region

435

EVQLQESGPGLVKESGTLSLTCTVSGFSLSTY YMSWVROPPGKGL
EWIGHYPSGSTYCASWAKGRFTISKASTTVDLKLSSVTAADTATY
FCARPDNDGTSGYLSGFGLWGOQGTLVTVSS

909gH1 IgG4 VH +
human 7-4F constant

456

EVOLOESGPGLVKPSGTLSLTCTVSGESLSTYYMSWVROPPGKGL
EWIGITYPSGSTYCASWAKGRFTISKASTTVDLKLSSVTAADTATY
FCARPDNDGTSGYLSGFGLWGQGTLVTVSSASTRGPSVEPLAPCS
RSTSESTAALGCLVEDYFPEPVTVEWNSGALTSGVHTFPAVLQSS
GLYSLESVVTVPSSSLGTETYTCNVDHKPSNTKVDEKRVESKYGPP
CPPCPAPEFLGGPSVFLFPPRPKDTLMISRTPEVTCVVVDVSQEDPE
VOFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHOQDWLN
GEKEYRCEKVSNKGLPSSIEKTISKAKGOPREPOVY TLPPSQEEMTKN
QVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFL
YSRLTVDKSRWQOEGNVFSCSVMHEALHNHY TQK SLSLSLGK

909gH14 VH region

EVQLQESGPG LVKPSGTLSLTCAVSGEFSLSTY YMSWVRQP
PGKGLEWIGHYPSGSTYCASWAKGRFTISKASTKNTVDLELSSVT
AADTATYFCARPDNDGTSGYLSGFGLWGOGTLVIVSS

909gH14 IgG4 VH +
human 7-4F constant

438

EVOQLOESGPGLVEKPSGTLSLTCAVSGFSLSTY YMSWVRQPPGKGL
EWIGHYPSGSTYCASWAKGRFTISKASTEKNTVDLKLSSVTAADTA
TYFCARPDNDGTSGYLSGFGLWGQGTLVTVSSASTKGPSVEFPLAP
CSRSTSESTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLQ

SSGLYSLSSVVTVPSSSLGTKTYTUNVDHRPSNTKVDKRVESKYG

PPCPPCPAPEFLGGPSVFLFPPEPKDTLMISRTPEVICVVVDVSQED
PEVOFNWYVDGVEVHNAKTRPREEQFNSTYRVVSVLTVLHQDW

LNGKEYKCKVENKGLPSSIEKTISKARGOPREPQVYTLPPSQEEMT
KNQVSLTCLVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSF
FLYSRLTVDESRWOEGNVESCSVMHEALHNHYTOKSLSLSLGK

909 gHi5 VH region

459

EVOQLQESGPGLVKPSGTLSLTCTVSGFSLSTY YMSWVROPPOKGL
EWIGHYPSGSTYSASWAK GRFTISKASTKNTVDLKLSSVTAADTA
TYFCARPDNEGTSGYLSGFGLWGOGTLVTVSS

S09eH 1S [gGd VH +
buman y-4P constant

460

EVOLOESGPGLVKPSGTLSLTCTVSGEFSLSTY YMSWVROPPGEGL
EWIGITYPSGSTYSASWARKGRFTISKASTENTVDLKLSSVIAADTA
TYFCARPDNEGTSGYLSGFGLWGQGTLVTVSSASTKGESVEPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLE
SSGLYSLSSVVTIVESSSLGTETYTCNVDHKPSNTK VRKRVESKY G
PPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQED
PEVOINWY VDGVEVHNAKTKPREEQENSTYRVVSVLTVLHODW
LNGEEYKCKVSNKGLPSSIEKTISKAKGOPREPQVYTLPPSQEEMT
KNOVSLTCLVEGFYPSDIAVEWESNGOPENNYKTTEPVLDSDGSF
FLYSRLTVDKSRWOEGNVESCEVMHEALHNHY TR SESLSLGK

909 gH61 VH region

461

EVOLOESGPGLVEPSGTLALTCAVIGFSLETY YMSWVROPPOKGL
EWIGHYPSGSTYCASWAKGRVTISKDSSKNOQVSLKLESVTAADTA
VYYCARPDNDGTSGYLSGFGLWGOGTLVTVSS

106




(A

10

o
W

WO 2016/176656 PCT/US2016/030303

Seq. 1D
Protein Seguence

EVQLQESGPGLVKPSGTLSLTCAVSGESLSTY YMSWVRQPPGKGL
EWIGHYPSGSTYCASWAKGRVTISKDSSKNQVSLKLSSVTAADTA
VYYCARPDNDGTSGYLSGFGLWGQGTLVTVSSASTK GPSVFPLAP
) CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
UIgHOL eG4 VH+ ) ) SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTK VDKRVESKYG
buraan y-4F constant PPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVYVDVSQED
PEVQFNWY VDGVEVHNAKTK PREEQFNSTYRVVSVLTVLHQODW
LNGKEYKCKVSNKGLPSSIEK TISK AKGQPREPQVY TLPPSQEEMT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSF
FLYSRLTVDKSRWOQEGNVFSCSVMHEALHNH Y TQKSLSLSLGK

e - EVOLOESGPGLVKPSGTLSLTCAVSGFSLSTY YMSWVRQPPGKGL
909 gHo6Z VH region | 463 EWIGITYPSGSTYSASWAKGRVTISKDSSKNOVSLELSSVTAADTA
VYYCARPDNEGTSGYLSGFGLWGQGTLVTVSS

EVQLOESGPGLYKPSGTLSLTCAVSGFSLSTY YMSWVRQPPGKGL
EWIGITYPSGSTYSASWAKGRVTISKDSSKNQVSLKLSSVTAADTA
VYYCARPDNEGTSGYLSGFGLWGQGTLYTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
Y09gHO2 IgG4 VH+ SSGLYSLSSVVTVPSSSLGTRTYTCNVDHKPSNTK VDKRVESKYG
fnman y-4P constant PPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQED
PEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDW
LNGKEYKCKVSNKGLPSSIEK TISK AKGQPREPQVY TLPPSQEEMT

FLYSRLTVDKSRWOEGNVESCSVMHEALHNHYTOKSLELSLGK

In one embodiment the disclosure provides an antibody sequence which s 80% similar or
identical to a sequence disclosed herein, for example 85%, 90%, 91%, 92%, 93%, 94%, 95%
96%, 97%, 98% or 99% over part or whole of the relevant sequence, for example a varnable
domain sequence, a CDR sequence or a variable domain sequence excluding the CDRs. In one
embodiment the relevant sequence 13 selected from Seq. D Nos. 446, 447, 448, 487, 483, 489,
490, 449, 450, 451, 452, 453, 455, 456, 457, 458, 459, 460, 461, 462, 463, or 464. In one
embodiment the disclosure provides an antibody sequence which has one or more (for example,
1, 2, 3, or 4) amino acid substitutions, additions, or deletions in the relevant sequence, for
example a variable domain sequence, a CDR sequence or a variable domain sequence excluding
the CDRs selected from Seq. 1D Nos. 446, 447, 448, 487, 488, 480, 490, 449, 450, 451, 452, 453,
455,456, 457, 458, 459, 460, 461, 462, 463, or 464.

In one embodiment, the present invention provides an antibody molecule which binds
human aP2 comprising a light chain, wherein the variable domain of the light chain comprises a
sequence having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98% or 99%

identity or similarity to a sequence selected from Seq. 1D Nos. 446, 448, 487, 488 450, or 452,
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in one embodiment, the present invention provides an antibody molecule which binds human
aP2 comprising a light chain, wherein the variable domain of the light chain comprises a
sequence having one or more (for example, 1, 2, 3, or 4} amino acid substitutions, additions, or
deletions in its sequence compared to Seq. ID Nos. 446, 448, 487, 488 450, or 452

In one embodiment the present invention provides an antibody molecule which binds
human aPZ wherein the antibody has a heavy chain vanable domain which is at least 80% 90%,
1%, 92%, 93%, 94%, 95% 96%, 97%, 98% or 99% simular or identical to a sequence selected
from Seq. ID Nos. 455, 457, 459, 461 or 403, In one embodiment the present invention provides
an antibody molecule which binds human aP2 wherein the antibody has a heavy chain variable
domain which has one or more (for example, 1, 2, 3, or 4) amino acid substitutions, additions, or
deletions in ifs sequence compared to Seq. ID Nos. 455, 467, 459, 461 or 463,

A suitable framework region for the light chain of the humanized antibody of the present
invention 1s derived from the human germline sub-group IgKV1-17 (A30) (Seq. ID Nos. 40-42)
together with JK4 {Seq. ID No. 148). Accordingly, in one example there is provided a
humanized antibody comprising the sequence given in Seq. ID No. 7 for CDR-L1, the sequence
given in Seq. ID No. 8 for CDR-L2 and the sequence selected from Seq. 1D Nos. 9, 10, 11, or 12
for CDRL3, wherein the light chain framework region is derived from the human subgroup
IGKV1-17 (A30) (Seq. ID Nos. 40-42) together with JK4 (Seq. ID No. 148). The JK4 sequence
is as follows: FGGGTKVEIK (Seq. ID No. 148). In one example the light chain variable
domain of the antibody comprises the sequence selected from Seq. 1D Nos. 446, 448, 487, 488,
450, and 452.

A suitable framework region for the heavy chain variable region of the humanized
antibody of the present invention is derived from the human germline sub-group HGHVY 4-04
{Seq. ID Nos. 357, 358, and 359) together with JH4 (Seq. ID No. 405). Accordingly, in one
example there is provided a humanized antibody comprising the sequence given in Seq. 1D No.
14 for CDR-HI1, a sequence selected from Seq. ID. Nos. 16 or 17 for CDR-HZ and the sequence
selected from Seq. ID Nos. 19 or 20 for CDR-H3, wherein the heavy chain framework region is
derived from the human subgroup IGHV 4-04 (Seq. ID Nos. 357, 358, and 359) together with
JH4 (Seq. ID No. 405). The JH4 sequence 1s as follows: WGQGTLVTVSS (Seq. ID No. 405).

ln one embodiment the antibody molecule of the present disclosure is a Fab, Fab’, or

F(ab’)2 antibody fragment comprnising a light chain variable region selected from Seq. ID Nos.
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446, 448, 487 488, 450, or 452, and a heavy chain variable region selected from Seq. ID Nos.
455, 457, 459, 461, or 463, In one embodiment the antibody molecule of the present disclosure
is a Fab, Fab’, or F(ab’)2 antibody fragment comprising a light chain variable region given in
Seq. ID No. 446, and a heavy chain variable region given in Seq. ID No. 455 In one
embodiment the antibody molecule of the present disclosure 1s a Fab, Fab’, or F(ab’)2 antibody
fragment comprising a light chain variable region given in Seq. ID No. 448, and a heavy chain
vartable region given in Seq. ID No. 455, In one embodiment the asntibody molecule of the
present disclosure is a Fab, Fab’, or F{(ab")2Z antibody fragment comprising a light chain variable
region given in Seq. 1D No. 450, and a heavy chain variable region given in Seq. 1D No. 455, In
one embodiment the antibody molecule of the present disclosure is a Fab, Fab’, or F(ab’)2
antibody fragment comprising a light chain variable region given in Seq. ID No. 452, and a
heavy chain vartable region given in Seq. ID No. 455 In one embodiment the antibody
molecule of the present disclosure is a Fab, Fab’, or F(ab’)2 antibody fragment comprising a
fight chain variable region given in Seq. ID No. 487, and a heavy chain variable regton given in
Seq. I No. 455. In one embodiment the antibody molecule of the present disclosure is a Fab,
Fab’, or F(ab’)2 antibody fragment comprising a light chain variable region given in Seq. ID No.
488, and a heavy chain variable region given in Seq. D No. 455 In one embodiment, the
antibody molecule of the present disclosure is a Fab, Fab’, or F(ab’)2 antibody fragment
comprising a light chain variable region given in Seq. ID No. 446 and a heavy chain variable
region given in Seq. ID No. 459, In one embodiment the antibody molecule of the present
disclosure is a Fab, Fab’, or F(ab’)2 antibody fragment comprising a light chain variable region
given in Seq. ID No. 448, and a heavy chain variable region given in Seq. ID No. 459, In one
embodiment, the antibody molecule of the present disclosure is a Fab, Fab’, or F{(ab")2 antibody
fragment comprising a light chain variable region given in Seq. ID No. 450 and a heavy chain
variable region given in Seq. ID No. 459, In one embodiment, the antibody molecule of the
present disclosure is a Fab, Fab’, or F{(ab")2Z antibody fragment comprising a light chain variable
region given in Seq. ID No. 452 and a heavy chain variable region given in Seq. ID No. 459, In
one embodiment, the antibody molecule of the present disclosure is a Fab, Fab’, or F(ab’)2
antibody fragment comprising a light chain variable region given in Seq. ID No. 487and a heavy
chain variable region given tn Seq. 1D No. 459, In one embodiment, the antibody molecule of

the present disclosure is a Fab, Fab’, or F(ab’)2 antibody fragment comprising a hight chain
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variable region given in Seq. ID No. 488 and a heavy chain variable region given in Seq. ID No.
459. In one embodiment, the antibody molecule of the present disclosure 1s a Fab, Fab’, or
F{ab")2 antibody fragment comprising a light chain variable region given in Seq. I3 No. 446 and
a heavy chain variable region given in Seq. ID No. 457 In one embodiment the antibody
molecule of the present disclosure ts a Fab, Fab’, or F(ab’)2 antibody fragment comprising a
light chain variable region given in Seq. ID No. 448, and a heavy chain variable region given in
Seq. ID No. 457, In one embodiment, the antibody molecule of the present disclosure is a Fab,
Fab’, or F(ab’)2 antibody fragment comprising a light chain variable region given in Seq. ID No.
450 and a heavy chain variable region given in Seq. 1D No. 457, In one embodiment, the
antibody molecule of the present disclosure is a Fab, Fab’, or F(ab’}2 antibody fragment
comprising a light chain variable region given in Seq. ID No. 452 and a heavy chain variable
region given in Seq. ID No. 457, In one embodiment, the antibody molecule of the present
disclosure is a Fab, Fab’, or F(ab )2 antibody fragment comprising a light chain variable region
given in Seq. 1D No. 487and a heavy chain variable region given in Seq. ID No. 457, o one
embodiment, the antibody molecule of the present disclosure is a Fab, Fab’, or F(ab”)2 antibody
fragment comprising a light chain variable region given in Seq. 1D No. 488 and a heavy chain
variable region given in Seq. ID No. 457. In one embodiment, the antibody molecule of the
present disclosure is a Fab, Fab’, or F(ab’)2 antibody fragment comprising a light chain variable
region given in Seq. ID No. 446 and a heavy chain variable region given in Seq. ID No. 461. In
one embodiment the antibody molecule of the present disclosure is a Fab, Fab’, or F(ab’)2
antibody fragment comprising a light chain vartable region given in Seq. ID No. 448, and a
heavy chain variable region given in Seq ID No. 461. In one embodiment, the antibody
molecule of the present disclosure ts a Fab, Fab’, or F(ab’)2 antibody fragment comprising a
light chain variable region given in Seq. ID No. 450 and a heavy chain variable region given in
Seq. ID No. 461, In one embodiment, the antibody molecule of the present disclosure is a Fab,
Fab’, or F(ab’)2 antibody fragment comprising a light chain variable region given in Seq. ID No.
452 and a heavy chain variable region given in Seq. 1D No. 461. In one embodiment, the
antibody molecuie of the present disclosure is a Fab, Fab’, or F(ab’)2 antibody fragment
comprising a light chain variable region given in Seq. ID No. 487 and a heavy chain variable
region given in Seq. ID No. 461. In one embodiment, the antibody molecule of the present

disclosure is a Fab, Fab’, or F(ab )2 antibody fragment comprising a light chain variable region
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given in Seq. ID No. 488 and a heavy chain variable region given in Seq. ID No. 461. In one
embodiment, the antibody molecule of the present disclosure 13 a Fab, Fab’, or F(ab”)2 antibody
fragment comprising a light chain variable region given in Seq. I3 No. 446 and a heavy chain
variable region given in Seq. ID No. 463. In one embodiment the antibody molecule of the
present disclosure is a Fab, Fab’, or F(ab’)2 antibody fragment comprising a light chain varnable
region given in Seq. ID No. 448, and a heavy chain variable region given in Seq. [P No. 463 In
one embodiment, the antibody molecule of the present disclosure 15 a Fab, Fab’, or F(ab’)2
antibody fragment comprising a light chain variable region given in Seq. ID No. 450 and a heavy
chain variable region given in Seq. ID No. 463, In one embodiment, the antibody molecule of
the present disclosure is a Fab, Fab’, or F(ab’)2 antibody fragment comprising a light chain
variable region given in Seq. ID No. 452 and a heavy chain variable region given in Seq. ID No.
463, In one embodiment, the antibody molecule of the present disclosure is a Fab, Fab’, or
F(ab’)2 antibody fragment comprising a light chain variable region given in Seq. ID No. 487 and
a heavy chain variable region given in Seq. ID No. 463, In one embodiment, the antibody
molecule of the present disclosure i1s a Fab, Fab’, or F(ab’)2 antibody fragment comprising a
fight chain variable region given in Seq. ID No. 488 and a heavy chain variable region given in
Seq. I No. 463,

In one embodiment the antibody molecule of the present disclosure is a full length IgGi
antibody comprising the variable regions shown in Seq. ID Nos. 446, 448, 487, 488, 450, or 452
for the light chain and Seq. ID Nos. 455, 457, 459, 461, or 463 for the heavy chain.

In one embodiment the antibody molecule of the present disclosure is a full length 1gG4
antibody comprising the variable regions shown in Seq. ID Nos. 446, 448, 487, 488, 450, or 452
for the light chain and Seq. ID Nos. 455, 457, 459, 461, or 463 for the heavy chain.

In one embodiment the antibody molecule of the present disclosure is a full length IgG4P
antibody comprising the variable regions shown 1o Seq. ID Nos. 446, 448, 487, 488, 450, or 452
for the light chain and Seq 1D Nos. 455, 457, 459, 461, or 463 for the heavy chain. In one
embodiment the antibody molecule has a light chain comprising a sequence selected from Seq.
1. Nos. 447, 449, 489, 490, 451, or 453 for the light chain and a sequence selected from Seq. ID
Nos. 456, 458, 460, 462, or 464 for the heavy chain. In one embodiment the antibody according
to the present disclosure is provided as aP2 binding antibody fusion protein which comprises an

immunoglobulin moiety, for example a Fab or Fab’ fragment, and one or two single domain
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antibodies (dAb) linked directly or indirectly thereto, for example as described in
WO2009/040562, WO2010035012, WO2011/030107, WO2011/061492 and WO2011/086091
all incorporated herein by reference.

In one embodiment the fusion protein comprises two domain antibodies, for example as a
variable heavy (VH) and variable light (VL) pairing, optionally linked by a disulphide bond.

The antibody fragment of the present invention includes Fab, Fab’, F(ab')2, scFv,
diabody, scFAb, dFv, single domain hight chain antibodies, dsFv, a peptide comprising CDR, and
the like.

Au Fab 1s an antibody fragment having a molecular weight of about 50,000 and antigen
binding activity, in which about a half of the N-terminal side of H chain and the entire L chain,
among tragments obtained by treating IgG with a protease, papain (cut at an amino acid residue
at position 224 of the H chain), are bound together through a disulfide bond.

The Fab of the present invention can be obtained by treating a human CDR-grafted
antibody of the present invention, which specifically reacts with aP2, with a protease, papain.
Also, the Fab can be produced by inserting DNA encoding Fab of the antibody into an
expression vector for prokaryote or an expression vector for eukaryote, and introducing the
vector into a prokaryote or eukaryote to express the Fab.

Au F(ab")2 15 an antibody fragment having a molecular weight of about 100,000 and
antigen binding activity, which is slightly larger than the Fab bound via a disulfide bond of the
hinge region, among fragments obtained by treating IgG with a protease, pepsin.

The F(ab")2 of the present invention can be obtained by treating a human CDR-grafted
antibody which specifically reacts with aP2, with a protease, pepsin. Also, the F(ab')2 can be
produced by binding Fab’ described below via a thicether bond or a disulfide bond.

An Fab' is an antibody fragment having a molecular weight of about 50,000 and antigen
binding activity, which is obtained by cutting a disuifide bond of the hinge region of the Fab')2.

The Fab' of the present invention can be obtained by treating the F(ab")2 which
specifically reacts with aP2, with a reducing agent, dithiothreitol. Also, the Fab' of the present
invention can be produced by inserting DNA encoding an Fab' of a human CDR-grafted
antibody of the present invention which specifically reacts with aPZ2 into an expression vector for
prokaryote or an expression vector for eukaryote, and introducing the vector into a prokaryote or

eukaryote to express the Fab'.
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An scFv is a VH-P-VL or VL-P-VH polypeptide in which one chain VH and one chain
VL are linked using an appropriate peptide linker (P} of 12 or more residues and which has an
antigen-binding activity.

The scFv of the present invention can be produced by obtaining cDNAs encoding VH
and VL of a human CBR-grafted antibody which specifically reacts with aP2 of the present
invention, constructing DNA encoding scFv, inserting the DNA into an expression vector for
prokaryote or an expression vector for eukaryote, and then introducing the expression vector into
a prokaryote or eukaryote to express the scFv.

A diabody 1s an antibody fragment in which scFv's having the same or different antigen
binding specificity forms a dimer, and has an divalent antigen binding activity to the same
antigen or two specific antigen binding activities to different antigens.

The diabody of the present invention, for example, a divalent diabody which specifically
reacts with aP2, can be produced by obtaining ¢DNAs encoding VH and VL of an antibody
which specifically reacts with aP2, constructing BNA encoding scFv having a polvpeptide linker
of 3 to 10 residues, inserting the DNA into an expression vector for prokaryote or an expression
vector for eukaryote, and then introducing the expression vector into a prokaryote or eukaryote
to express the diabody.

A dsFv is obtained by binding polypeptides 1n which one amino acid residue of each of
YH and VL is substituted with a cysteine residue via a disulfide bond between the cysteine
residues. The amino acid residue, which is substituted with a cysteine residue, can be selected
based on a three-dimensional structure estimation of the antibody in accordance with the method
shown by Reiter et al. (Protein Engineering, 7, 697 (1994)).

The dsFv of the present invention can be produced by obtaining cDNAs encoding VH
and VL of a human CDR-grafted antibody which specifically reacts with aP2 of the present
invention, constructing DNA encoding dsFv, inserting the DNA into an expression vector for
prokaryote or an expression vector for eukaryote, and then introducing the expression vector into
a prokaryote or eukaryote to express the dsFv.

A peptide comprising CDR is constituted by including at least one region of H chain and
L chain CDRs. Plural CDRs can be bound directly or via an appropriate peptide linker.

The peptide comprising TR of the present invention can be produced by obtaining

cDNA encoding CDR of VH and VL of a human CDR-grafted antibody which specifically reacts
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with aP2, constructing DNA encoding CDR, inserting the DNA into an expression vector for
prokaryote or an expression vector for eukaryote, and then by introducing the expression vector
into a prokaryote or eukaryote to express the peptide. Also, the peptide comprising CDR can also
be produced by a chemical synthesis method such as an  Fmoc method
{fluorenylmethoxycarbonyl method), a tBoc method (t-butyloxycarbonyl method), or the like.

The antibody of the present invention includes antibody derivatives in which a
radioisotope, a protein, an agent or the like is chemically or genetically conjugated to the
antibody of the present invention.

The antibody derivatives of the present invention can be produced by chemically
conjugating a radicisctope, a protein or an agent to the N-terminal side or C-terminal side of an
H chain or an L chain of an antibody or antibody fragment which specifically reacts with aP2, to
an appropriate substituent group or side chain of the antibody or antibody fragment or to a sugar
chain in the antibody or antibody fragment (Antibody Engineering Handbook, edited by Osamu
Kanemitsu, published by Chijin Shokan (1994)).

Also, it can be genetically produced by linking a DNA encoding the antibody or the
antibody fragment of the present invention which specifically reacts with aP2 to other DNA
encoding a protein to be bound, inserting the DNA into an expression vector, and introducing the
expression vector tnto a host cell.

The radioisotope includes 1311 1251 and the like, and it can be conjugated to the
antibody by, ¢.g., a chloramine T method.

The agent ts preferably a low molecular weight compound. Examples include anticancer
agents such as alkylating agents (eg, nitrogen mustard, cyclophosphamide), metabolic
antagonists (e.g., S-fluorcuracil, methoirexate), antibiotics {(e.g., daunomycin, bleomycin,
mitomycin €, daunorubicin, doxorubicin), plant alkaloids (e.g., vincristine, vinblastine,
vindesine), hormone drugs (e.g, tamoxifen, dexamethasone), and the hike (Chinical Oncology,
edited by Japanese Society of Clinical Oncology, published by Cancer and Chemotherapy
(1996)); anti-inflammatory agents such as steroid agents {¢.g., hydrocortisone, prednisone), non-
steroidal  drugs (e.g, aspirin, indomethacin), immunomodulators (e.g., aurothiomalate,
penicillamine), immunosuppressing agents (e.g, cyclophosphanude, azathioprine} and
antihistaminic agents {e.g., chlorpheniramine maleate, clemastine) (Inflammation and Anti-

inflammatory Therapy, Ishivaku Shuppan (1982)); and the like. The method for conjugating
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daunomycin to an antibody includes a method in which daunomycin and an amino group of an
antibody are conjugated via glutaraldehyde, a method 1n which an amino group of daunomycin
and a carboxyl group of an antibody are conjugated via a water-soluble carbodiimide, and the
like.

Also, i order to inhibit cancer cells directly, a toxin such as ricin, diphtheria toxin and
the like, can be used. For example, a fusion antibody with a protein can be produced by linking a
cDNA encoding an antibody or antibody fragment to other ¢cDNA encoding the protein,
constructing DNA encoding the fusion antibody, inserting the DNA into an expression vector for
prokaryote or an expression vector for eukaryote, and then introducing it into a prokaryote or
eukaryote to express the fusion antibody.

Further contemplated herein are antibody fragments or antigen binding agents including
fusions of binding agents, for example immunoglobulin like fragments and agents such as
digbodies, scAbs, bispecific fragments, triabodies, Fab-Fv-Fv, Fab-Fv, tribody, (Fab-Fv)2-Fc,
and antibody fragments or portions, such as CBRs or antibody loops including CDRs, which are
grafted onto non-Ig frameworks such as fibronectin or leucine zippers, as descried in Binz et al,

{2005) Nat. Biotech. 23:1257-1268, incorporated in its entirety herein.

Ceonjugated Anti-aP2 Monocicenal Antibodies and Antigen Binding Agents

If desired, an antibody or antigen binding agent for use in the present invention may be
conjugated to one or more effector molecule(s). It will be appreciated that the effector molecule
may comprise a single effector molecule or two or more such molecules so linked as to form a
single moiety that can be attached to the antibodies of the present invention. Where it is desired
to obtain an antibody fragment linked to an effector molecule, this may be prepared by standard
chemical or recombinant DNA procedures in which the antibody fragment is linked either
directly or via a coupling agent to the effector molecule. Techniques for conjugating such
effector molecules to antibodies are well known in the art (see, Hellstrom et al., Controlled Drug
Delivery, 2nd Ed., Robinson et al,, eds., 1987, pp. 623-53; Thorpe et al., 1982, Immunol. Rev,,
62:119-58 and Dubowchik et al., 1999, Pharmacology and Therapeutics, 83, 67-123). Particular
chemical procedures include, for example, those described in WO 93/06231, WO 92/22583, WO
89/00195, WO 89/01476 and WO 03/031581. Alternatively, where the effector molecule is a
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protein or polypeptide the linkage may be achieved using recombinant DNA procedures, for
example as described 10 WO 86/01533 and EP0392745.

The term effector molecule as used herein includes, for example, antineoplastic agents,

2
drugs, toxins, biologically active proteins, for example enzymes, other antibody or antibody
fragments, antigen binding agents, synthetic (including PEG) or naturally occurring polymers,

nucleic acids and fragments thereof e g DNA, RNA and fragments thereof, radionuclides,

particularly radiciodide, radioisotopes, chelated metals, nanoparticles and reporter groups such
as fluorescent compounds or compounds which may be detected by NMR or ESR spectroscopy.
Exarnples of effector molecules may include cytotoxins or cytotoxic agents wncluding any
agent that is detrimental to {eg kills} cells. Examples include combrestatins, dolastatins,
epothilones, staurosporin, maytansinoids, spongistating, rthizoxin, halichondring, roridins,
hemiasterling, taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin,
etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy

anthracin  dione, mitoxantrone, mithramycin, actinomycin D,  I-dehvdrotestosterone,

glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs or
homologs thereof.

Effector molecules also include, but are not limited to, antimetabolites (e.g. methotrexate,
6-mercaptopurine, 6-thioguanine, cytarabine, S-fluorouracil decarbazine), alkylating agents {e.g.
mechiorethamine, thioepa chiorambucil, melphalan, carmustine (BSNU) and lomustine (CCNU),

and cis-

>

cyclothosphamide, busulfan, dibromomannitol, streptozotocin, mutomycin C
dichlorodiamine platinum (1) (DDP) cisplatin), anthracyclines (e.g. daunorubicin (formerly
daunomyciny and doxorubicin), antibiotics {(e.g dactinomycin (formerly actinomycin),
bleomycin, mithramycin, anthramycin (AMC), calicheamicing or duccarmyeins), and anti-
mitotic agents {e.g. vincristine and vinblastine}.

Other effector molecules may include chelated radionuclides such as 111In and 90Y,
Lul77, Bismuth213, Californium?252, Iridium192 and Tungsten188/Rhenium188; or drugs such
as but not imited to, alkylphosphocholines, topoisomerase T inhibitors, taxoids and suramin.

Other effector molecules include proteins, peptides and enzymes. Enzymes of interest
include, but are not limited to, proteolytic enzymes, hydrolases, lyases, isomerases, transferases.
Proteins, polypeptides and peptides of interest include, but are not limited to, immunoglobulins,

toxins such as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin, a protein such as
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insulin, tumor necrosis factor, o-interferon, f-interferon, nerve growth factor, platelet derived
growth factor or tissue plasminogen activator, a thrombotic agent or an anti-angiogenic agent,
e.g. angiostatin or endostatin, or, a biological response modifier such as a lymphokine,
interfeukin-1 (IL-1), interfeukin-2 (IL-2}, granulocvie macrophage colony stimulating factor
{GM-CSF}, granulocyte colony stimulating factor (G-CSF), nerve growth factor (NGF) or other
growth factor and tmmunoglobulins.

Other effector molecules may include detectable substances useful for example in
diagnosis. Examples of detectable substances include various enzymes, prosthetic groups,
fluorescent materials, luminescent materials, bioluminescent materials, radioactive nuclides,
positron emitting metals (for use in positron emission tomography), and npounradicactive
paramagnetic metal ions. See generally U.S. Patent No. 4,741,900 for metal ions, which can be
conjugated to antibodies for use as diagnostics.  Suitable enzymes include horseradish
peroxidase, atkaline phosphatase, beta-galactosidase, or acetyicholinesterase; suitable prosthetic
groups include streptavidin, avidin and biotin; suitable fluorescent materials include
umbelliferone, fluorescetn, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine
fluorescein, dansyl chloride and phycoerythrin; suitable luminescent materials include luminol;
suttable bioluminescent materials include luciferase, luciferin, and aequorin, and suitable
radioactive nuclides include 1251, 1311, 111In and 99T¢.

In another example the effector molecule may increase the half-life of the antibody in
vivo, and/or reduce immunogenicity of the antibody and/or enhance the delivery of an antibody
across an epithelial barrier to the immune system. Examples of suitable effector molecules of
this type include polymers, albumin, albumin binding proteins or albumin binding compounds
such as those described in WOO0S/117984.

In one embodiment a half-life provided by an effector molecule which is independent of
aP2 or an anti-human aP2 antibody is advantageous.

Where the effector molecule 15 a polymer it may, in general, be a synthetic or a naturally
occurring polymer, for example an optionally substituted straight or branched chain
polyatkylene, polyalkenylene or polyoxyalkylene polymer or a branched or wuobranched
polysacchartde, e.g. a homo- or hetero- polysaccharide.

Specific optional substituents, which may be present on the above-mentioned synthetic

polymers, include one or more hydroxy, methyl or methoxy groups.
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Specific examples of synthetic polymers include optionally substituted straight or
branched chain poly{ethylenegiycol), poly{propyleneglycol) poly{vinylalcohol) or derivatives
thereof, especially optionally substituted poly(ethyleneglycol} such as
methoxypoly(ethyleneglycol) or derivatives thereof.

Specific naturally occurring polymers include lactose, amylose, dextran, glycogen or
derivatives thereof.

In one embodiment the polymer is albumin or a fragment thereof, such as human serum
albumin or a fragment thereof. In one embodiment the polymer is a PEG molecule.

“Derivatives” as used herein in regard to conjugates is intended to include reactive
derivatives, for example thiol-selective reactive groups such as maleimides and the like. The
reactive group may be linked directly or through a linker segment to the polymer. It will be
appreciated that the residue of such a group will in some instances form part of the product as the
linking group between the antibody fragment and the polymer.

The size of the natural or synthetic polymer may be varied as desired, but will generally
be in an average molecular weight range from 500Da to 50000Da, for example from 5000 to
40000Da such as from 20000 to 40000Da. The polymer size may in particular be selected on the
basis of the intended use of the product for example ability to localize to certain tissues such as
tumors or extend circulating half-life (for review see Chapman, 2002, Advanced Drug Delivery
Reviews, 54, 531-545). Thus, for example, where the product is intended to leave the circulation
and penetrate tissue, for example for use in the treatment of a tumour, it may be advantageous to
use a small molecular weight polymer, for example with a2 molecular weight of around 5000Da.
For applications where the product remains in the circulation, it may be advantageous to use a
higher molecular weight polvmer, for example having a molecular weight in the range from
20000Da to 40000Da.

Suitable polymers include a polyalkylene polymer, such as a poly(ethyleneglycol) or,
especially, a methoxypoly{ethyleneglycol) or a derivative thereof, and especially with a
molecular weight in the range from about 15000Da to about 40000Da.

In one example antibodies for use in the present invention are attached to
poly{ethyleneglycol) (PEG) moteties. In one particular example the antibody is an antibody
fragment and the PEG molecules may be attached through any available amino acid side-chain or

terminal amino acid functional group located in the antibody fragment, for example any free
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amino, imino, thicl, hydroxyl or carboxyl group. Such amino acids may occur naturally in the
antibody fragment or may be engineered into the fragment using recombinant DNA methods (see
for example US 5,219,996; US 5,607,425, W(98/25971, WG2008/038024). In one example the
antibody molecule of the present invention is a modified Fab fragment wherein the modification
is the addition to the C-terminal end of its heavy chain one or more amino acids to allow the
attachment of an effector molecule. Suitably, the additional amino acids form a modified hinge
region containing one or more cysteine residues to which the effector molecule may be attached.
Multiple sites can be used to attach two or more PEG molecules.

Suitably PEG wmolecules are covalently linked through a thiol group of at least one
cysteine residue located in the antibody fragment. Each polymer molecule attached to the
modified antibody fragment may be covalently linked to the sulphur atom of a cysteine residue
located in the fragment. The covalent linkage will generally be a disulphide bond or, in
particular, a sulphur-cartbon bond. Where a thiol group is used as the point of attachment
appropriately activated effector molecules, for example thiol selective derivatives such as
maleimides and cysteine derivatives may be used. An activated polymer may be used as the
starting material in the preparation of polymer-modified antibody fragments as described above.

The activated polymer may be any polymer containing a thiol reactive group such as an
o-halocarboxylic acid or ester, e.g. 1odoacetamide, an imide, e.g. maleimide, a vinyl sulphone or
a disulphide. Such starting materials may be obtained commercially (for example from Nektar,
formerly Shearwater Polymers Inc., Huntsville, AL, USA) or may be prepared from
commercially available starting materials using conventional chemical procedures. Particular
PEG molecules include 20K methoxy-PEG-amine (obtainable from Nektar, formerly
Shearwater; Rapp Polymere; and SunBio) and M-PEG-SPA (obtainable from Nektar, formerly
Shearwater).

In one embodiment, the antibody is a modified Fab fragment, Fab’ fragment or diFab
which is PEGylated, 1.e. has PEG (poly{ethyleneglycol}) covalently attached thereto, e.g.
according to the method disclosed in EP 0948544 or EP1090037 {see also "Poly{ethyleneglycol)
Chermstry, Biotechnical and Biomedical Applications”, 1992, J. Milton Harmis (ed), Plenum
Press, New York, "Poly(ethyleneglycol) Chemistry and Biological Applications", 1997, I
Milton Harris and S, Zalipsky (eds), American Chemical Society, Washington DC and

"Bioconjugation Protein Coupling Techniques for the Biomedical Sciences”, 1998, M. Aslam
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and A Dent, Grove Publishers, New York; Chapman, A 2002, Advanced Drug Delivery
Reviews 2002, 54:531-545]. In one example PEG is attached to a cysteine in the hinge region.
In one example, a PEG modified Fab fragment has a maleimide group covalently linked to a
single thiol group in a modified hinge region. A lysine residue may be covalently linked to the
maleimide group and to each of the amine groups on the lysine residue may be attached a
methoxypoly{ethyleneglycol) polymer having a molecular weight of approximately 20,000Da.
The total molecular weight of the PEG attached to the Fab fragment may therefore be
approximately 40,000Da.

Particular PEG molecules include 2-[3-(N-maleimido)propionamidolethyl amide of
N, N’ -bis{methoxypoly{ethyiene glycol} MW 20,000} modified lysine, also known as
PEG2MATL40K {obtainable from Nektar, formerly Shearwater).

Alternative sources of PEG linkers include NOF who supply GL2-400MA3 (wherein m

in the structure below is 5) and GL2-400MA (where m is 2) and n is approximately 450

HCO-CH,CH0
HCO-CROH,0 ™ H e
i\_ i
Q‘N /_,-’N\_VJ f‘s K“Tlf ‘ﬁszam Ny P\j !,_54{>
a 1 g
o L
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That is to say each PEG is about 20,000Da.

Thus in one embodiment the PEG is 2,3-Bis(methvipolyoxyethylene-oxy)-1-{{3-(6-
maleimido-1-oxohexyhaminojpropyloxy}  hexane  (the 2 arm  branched  PEG,
-CH2) 3NHCO(CH2)5-MAL, Mw 40,000 known as SUNBRIGHT GL2-400MA3.

Further alternative PEG effector molecules of the following type:

CH,O-(CH,CH,O)n

CH,O-(CH,CH,O)n
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are available from Dr Reddy, NOF and Jenkem.

In one embodiment there 1s provided an antibody which 13 PEGylated (for example with a
PEG described herein), attached through a cysteine amino acid residue at or about amino acid
229 in the chain, for example amino acid 229 of the heavy chain (by sequential numbering), for
example amino actd 229 of Seq. D No. 456, 460, 458, 462, or 464,

In one embodiment the present disclosure provides a Fab PEG molecule comprising one
or more PEG polymers, for example 1 or 2 polymers such as a 40kDa polymer or polymers.

Fab’-PEG  molecules according to the present disclosure may be particularly
advantageous in that they have a half-life independent of the Fe fragment. In one example the
present invention provides a method treating a disease ameliorated by modulating human aP2
biological activity comprising adnunistering a therapeutically effective amount of an anti-aP2
antibody or antigen binding agent thereof wherein the antibody or antigen binding agent thereof
has a half-life that is independent of Fc binding to aP2.

In one embodiment there is provided a Fab’ conjugated to a polymer, such as a PEG
molecule, a starch molecule or an albumin molecule.

In one embodiment there i1s provided a scFv conjugated to a polymer, such as a PEG
molecule, a starch molecule or an albumin molecule.

In one embodiment the antibody or fragment is conjugated to a starch molecule, for
example to increase the half-life. Methods of conjugating starch to a protein as described in US

8,017,739 incorporated herein by reference.

Polynucleotides

The present invention also provides an isolated DNA sequence encoding the heavy and/or
light chain{s) of an antibody molecule of the present invention. Suitably, the DNA sequence
encodes the heavy or the light chain of an antibody molecule of the present invention. The DNA
sequence of the present invention may comprise synthetic DNA, for instance produced by
chemical processing, cDNA, genomic DNA or any combination thereof.

DNA sequences, which encode an antibody molecule of the present invention, can be
obtained by methods well known to those skilled in the art. For example, DNA sequences
coding for part or all of the antibody heavy and light chains may be synthesised as desired from

the determined DNA sequences or on the basis of the corresponding amino acid sequences.
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DNA coding for acceptor framework sequences is widely available to those skilled 1n the
art and can be readily synthesised on the basis of their known amino acid sequences.

Standard techniques of molecular biclogy may be used to prepare DNA sequences coding
for the antihbody molecule of the present invention. Desired DNA sequences may be synthesized
completely or in part using oligonucleotide synthesis techniques. Site-directed mutagenesis and
polymerase chain reaction {PCR) techniques may be used as appropriate.

Examples of suitable cDNA sequences are provided in Table 12 below.

Examples of suitable cDNA sequences encoding a humanized light chain variable region
are provided in Seq. ID Nos. 467, 469, 491, 493, 471, and 473. Examples of suitable DNA
sequences encoding the humanized heavy chain variable region are provided in Seq. ID No. 475,
507, 477, 509, and 511

Examples of suitable cDNA sequences encoding the light chain (variable and constant)
are provided in Seq. ID Nos. 468, 470, 492, 494, 472, and 474,

Examples of suitable ¢cDNA sequences encoding the heavy chain {variable and constant)

are provided in Seq. ID Nos. 476, 508, 478, 510, and 512.

Table 12. Examples of Suitable DNA sequences Encoding anti-aP2 Antibody Fragments

cBNA Encoding Identifier Seq. 1D Ne. Sequence

gacgtcgtpatgacccagactccagecicegigictgaacctgtggeagocacag
fcaccatcaagigecageccagtgageatattagiagetactiagictggtaicage
Rabbit Ab 909 VL region (Seq. agaaaccagggcagecicccaagegectgatclacaaggeatecactetggeatce
1D No. 445) cDNA tegggtcccatcgoggticaaaggeagtggatcigggacagatitcactctcacca
tcagegacciggagigteacgatgctgccacttactactgicaatgeacttatgeta
citatgctggtagittttttiatictiicggeggagegaccgaggigetegticgaa

cagicggtggaggagicegggggtegcctggicacgectgggacaccacigac
actcacctgoacagictetggaticiecctcagiacctactacatgagetgggiccg
ccaggctecaggpaagggeciggaatggatcggaatcattiatcctagiggtage
466 acatacigegegagelgggogaaaggocgaticaccateiccaaagectcaacca
cggtggatctgaaaatcaccagicogacaaccgaggacacggocacctatitctgt
gccagacctgataatgatzetactictagtiatitgagtegtticggcttatgggace
aaggeaccetegteaccgictegage

Rabbit Ab 909 VH region {Seq.
Iy No. 454) cDNA

gacgicgteatgacecagiceecticeicectitcagecagegiggecgatagagt
gactatcacttgecaagogicggaggacatetcgcgctacctggigtegtatcaac
agaagccaggtaaagegeccaageggateatctacaaggcctcaactitzgcate

¢ 7oreoi e ™,
i?i\%}lgxtgmﬂ (Soq. ID No. 467 cgragtgecgicgaggiicaagggcageggatcgggaaccgacticacteicac

ag
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¢DBNA Encoding ldentifier

Seqg. 1D No.

Sequence

909 gh.1 light chain (V +
constant) (Seq. I No. 447)
cDNA

468

gacgicgteatgacecagiceecticeicectitcagecagegiggecgatagagt
gactatcacttgecaagogicggaggacatetcgcgctacctggigtegtatcaac
agaagccaggtaaagegeccaageggateatctacaaggcctcaactitzgcate
cggagtzccgicgaggiicaaggecageggatcgggaaccgacticactcicac
cattagetcactgcagecggaagattitgecacitactactgccagtgtacctacgg
gacctacgetgegtogtictittacageticggaggegraaccasagtegaaatca
agegtacgetggccgeteoctcegtgticatcticocacceiccgacgageagetg
aagtccggeaccgecteogicgtetgcctgotgaacaactictacceccgegagg
ccaaggizcagigeaagetegacaacgocctgcagtecggeaacteccaggaat
cegleaccgageageaciceaaggacageacetacicectgtectccacecigac

909 gL.10 V-region (Seq. ID No.

448) cDNA

469

gacgtcgicatgacocagicceoticetecctifcagecage gigggogatagagt
gactatcacttgccaagegicggaggacatctogegoiacctggigtgatatcaac
agaagceaggiaangegeccaagoggetgaictacaaggoctoaactitggeatc
cggagtgecgicgaggticaagggeagegeatogggaaccgacticactoicas
cattagcteactgeagecggaagatittgecactiactactgecaggctacctacgg
gacctacgetgggtogticttitacageticggageoggaaccaaagigganatca

ag

909 gL 10 tight chain (V +
constant) (Seq. ID No. 449)
cDNA

gacgicgicatgacccagtcoeccticetcociticagecagegigggogatagagt

gactatcacttgecaagegicggaggacatctcgegetacctggtgtegtatcaas

agangceaggtaaagegeccaagoggcigaictacaaggocicaactitggeate
cggagteccgicgaggticaagggeageggatcgggaaccgacticactcicac

cattagctcactgeagecggaagatitigecactiactactgecaggetacctacgg
gacctacgetgggtogtictittacageticggagecegaaccaaagigraaatca
agegtacggtgeccectcectecgtgitcatcticecaccetocgacgageagetg
aagiccgecaccgectecgtogtatocctactgaacaactictacceccgegage
ccaaggigcagtggaaggtgracaacgeccigeagiceggcaactoccaggaat
cegicaccgageaggaciccaaggacageacctactecctgicetceacectgac
cotgtccaaggocgactacgagaageacanggtetacgcctgrgaagtgaccea
ccagggectgiccageccogtgaccangiccticanccggegcgagion

909 gh.13 V-region (Seq. ID No.

487 cDNA

491

gactatcacttgecaagegicggaggacatcicgegetacetggigtogtatcanc
agaageeaggtaaagegeccaageggetgaictacaaggecticaactitgecate
cgragtgecgicgaggticiceggeageggatcgggancegagiicactcicace
attagctcactgeagecggaagatitigecactiactactgecaggctacetacggs
acctacgetgogtegticttitacageticggagecggaaccaaagigeaantcaa
g
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¢DBNA Encoding ldentifier

Seqg. 1D No.

Sequence

909 gi.13 light chain (V +
constant) (Seq. I No. 489)
cDNA

492

gacatccaaatgacccagiceocttcotecctttcagecagestegecgatagagt
gactatcacttgecaagogicggaggacatetcgcgctacctggigtegtatcaac
agaagccaggtaaagegeccaageggateatctacaaggcctcaactitzgcate
cggagtzecgicgaggiiciceggcageggatcgggaaccgagitcacicicace
attagctcactgeagecggaagattttgecactiactactgecaggatacetacggg
acctacgetggetcgticitttacageticggagecggaaccaaagtgpaaatcaa
gegtacggtgecegctecctacgtgticatcticecaceciccgacgageagetga
agtccggeaccgectcegtogtgtgectactgaacaacttctacceecgegagee
caaggtgcagiggaaggtggacaacgcccigeagteeggcaacicecaggaate
cgteaccgageaggaciccasggacageacctactecctgiectccaccetgace

cagggectgiccageccegtgaccaagiocticaaccggggagagtec

909 gL.50 V-region (Seq. ID No.

488) cDNA

493

gacgtcgicatgacocagicceoticetecctifcagecage gigggogatagagt
gactatcacttgccaagegicggaggacatctogegoiacctggigtgatatcaac
agaagceaggiaangegeccaagoggetgaictacaaggoctoaactitggeatc
cggagtgecgicgaggticaagggeagegeatogggaaccgacticactoicas
cattagcteactgeagecggaagatittgecacttactacgeocaggeiacetacg

geacctacgeiggptogtictitiacageticggaggeggasceanagiggaaate
ang

909 gL.50 tight chain (V +
constant) (Seq. ID No. 490)
cDNA

494

gacgicgicatgacccagtcoeccticetcociticagecagegigggogatagagt
gactatcacttgecaagegicggaggacatctcgegetacctggtgtegtatcaas
agangceaggtaaagegeccaagoggcigaictacaaggocicaactitggeate
cggagteccgicgaggticaagggeageggatcgggaaccgacticactcicac
cattagctcactgeagecggaagatittgecactiactacgeccaggetacctacg

ggacctacgctgggtogtictittacageticggagecggaaccaaagtzgaaate
aagegiacggtggcegoteccicegtgticatcitcecacectccgacgagcaget
gaagtccggcacceccteogicgtatecctgotgaacaactictacceccgegag
gccaaggtgeagtggaaggtggacaacgcccigcagtecggeaactoocagga
atccgteaccgageaggactccaaggacageacctactecetgtectecaccetg
accetgiccaaggecgactacgagaageacaaggtgtacgccigegaagigace
caccagggectgiccageccegigaccaagiccticaaccggggegagtec

909 gh.54 V-region (Seq. ID No.

4503 cDNA

471

gactatcacttgecaagegicggaggacatcicgegetacetggigtogtatcanc
agaageeaggtaaagegeccaageggetgaictacaaggecticaactitgecate
cattageicactgeagecggaagattitgecacitactactgecageagacetacg
ggacctacgctggetogiicttitacageticggagecgeaaccaaagiggaaaic
aag
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¢DBNA Encoding ldentifier

Seqg. 1D No.

Sequence

909 gi. 54 light chain (V +
constant) (Seq. I No. 451)
cDNA

gacgicgteatgacecagiceecticeicectitcagecagegiggecgatagagt
gactatcacttgecaagogicggaggacatetcgcgctacctggigtegtatcaac
agaagccaggtaaagegeccaageggateatctacaaggcctcaactitzgcate
cggagtzccgicgaggiicaaggecageggatcgggaaccgacticactcicac
cattageicactecagecggaagattitgecacitactactgccageagacetacy
reacctacgetggetogtictittacagettcggagecagaaccaaagiggaaaic
aagegtacggtgeccgcicecteegtgitcateticecacectecgacgageaget
gaagiccggcaccgecicegtogtgtgcctactgaacaactictaccoccgogag
gecaaggtecagtggaaggtgracaacgecctgeagiccgecaactoccagga
atccgteaccgageaggaciccaaggacageacctacteectgiectocacectg
accetgtccaaggecgactacgagaageacaaggigiacgectgegaagtgace
caccagggectgtccagaeecegigaccaagiocticasceggggegagisc

909 gl.55 V-region (Seq. ID No.

452) cDNA

e
~3
)

gacgtcgicatgacocagicceoticetecctifcagecage gigggogatagagt
gactatcacttgccaagegicggaggacatctogegoiacctggigtgatatcaac
agaagceaggiaangegeccaagoggetgaictacaaggoctoaactitggeatc
cggagtgecgicgaggticaagggeagegeatogggaaccgacticactoicas
cattagcteactgeagecggaagatitigecacttactacigocageamectacgg
gacctacgetgggtogticttitacageticggageoggaaccaaagigganatca

ag

909 gL55 light chain (V +
constant) {Seq. ID No. 453)
cDNA

gacgicgicatgacccagtcoeccticetcociticagecagegigggogatagagt

gactatcacttgecaagegicggaggacatctcgegetacctggtgtegtatcaas

agangceaggtaaagegeccaagoggcigaictacaaggocicaactitggeate
cggagteccgicgaggticaagggeageggatcgggaaccgacticactcicac

cattagctcactgeagecggaagatittgocactiactactgecageatacotacgy
gacctacgetgggtogtictittacageticggagecegaaccaaagigraaatca
agegtacggtgeccectcectecgtgitcatcticecaccetocgacgageagetg
aagiccgecaccgectecgtogtatocctactgaacaactictacceccgegage
ccaaggigcagtggaaggtgracaacgeccigeagiceggcaactoccaggaat
cegicaccgageaggaciccaaggacageacctactecctgicetceacectgac
cotgtccaaggocgactacgagaageacanggtetacgcctgrgaagtgaccea
ccagggectgiccageccogtgaccangiccticanccggegcgagion

909gH1 V-region (Seq. ID No.
455y cDINA

gaagiceagetgeaagaatcaggiccaggectegicaaaccatcaggaactitetc
attgactigeacggigageggatictcgetitcgacctactacatgicgtzgniscg
cacgtactgegctagetggeccaageggegeticaccatcageaaggegtceac
tactgtggaccicaagetgtogicagtiactgeggacgacactgeaacctactitigt
gocegeecggataacgatggaaccicegectaccigiceggaticggacigtogg
gacagggaacecitgigactgtciogage
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¢DBNA Encoding ldentifier

Seqg. 1D No.

Sequence

909 gH1 IgG4 heavy chain (V +
human v-4P constant) Seq. 1D
No. 456) cDNA

476

gaagiccagetecaagaatcaggiccaggectegtcaaaccatcaggaactitgic
attgactigeacggtgageggeticicgetitcgacctactacatgtogtegaiocy
ccageogectgggaaggeactgragtggatcgecatcatctacecgicegecag
cacgtacigegetagctggeccaageggereticaccatcageaaggegtccac
tactgtggaccicaagetgtegicagtiactgogeccgacactgeaacctactitigt
geecgeccggataacgatggaaccicegectacctgiccggaticegactgigeg
gacagggaacccttgtzactgtetegagegectccaccaagggoccciecgtgtt
coctetggeoccttgetoceggiccacctecgagictaccgecgetetgagetace
tggicaaggactacticceogagoccgtgacagtgicctggaacictggegecctg
acctecggegigcacaccticeetgeegtgctgeagiocteoggectgiactecct
acgtzgaccacaagecciccaacaccanggtggacaagegeetegaatctaagt
acggecetccctgecccecctgcectgecectgaatiictgggeggaccttcegtg
ttcetgiicccoccaaageccaaggacacceigatgateicocggaceecegaagt
gacctgegtggtegtigracetgicccaggangatecegaggiccagticaatieg
tacgigracggcetegangtecacaalgecaagaccasgeccagagaggnaca

ctgaacggeanagagtacaagigcaaggigiccaacaagggectgeoctocage
atcganaagaccalciccangeccaagggocageoccgegagecccagatata

caccctgeccectagecaggaagagatgaccaagaaccaggtgtoecetgaccig
ictggicaaggeottciacecciccgacatigec gt ggaat gegagiocaacesee
ageecgagaacaactacaagaccaccocccctgtgetggacagegacggetoct
icticctgtactetoggotgacegiggacaagicecggtggeagganggoaacgt

ctietcetgetcogigatgeacgaggeoctigeacaaceactacacceagaagices
tglocctgagectgggcang

909gH 14 V-region (Seq. [D No.
457y cDNA

gaagtccagoigeaagaatcaggiccaggectegicaaaccatcaggaactitgic
attgacttgogocgtgageggeticiogetitcgacciactacatgtcgtgggigcg

ccageogoctggeaaggeactggagtggatcggcatcatctacecgtceggeag
cacglacigegetagclggeccaaggggcggticaccatcageaaggegtocac
taaaaatactgiggaccicaagetgicgicagiiactgeggccgacactgeaacct

acttitgteccogeoccggataacgatggaacctocggetaceigtocggaticgga
ctgtgggeacagegaaccotigtgactgicicgage
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¢DBNA Encoding ldentifier

Seqg. 1D No.

Sequence

909 gH 14 Tg(G4 heavy chain (V
+ hman gamma-4F constant)
(Seq. 1D No. 4573 cDNA

gaagiccagetecaagaatcaggiccaggectegtcaaaccatcaggaactitgic
attgactigegecgtgageggeticicgctitcgacctactacatgtogtegaiocy
ccageogectgggaaggeactgragtggatcgecatcatctacecgicegecag
cacgtacigegetagctggeccaageggereticaccatcageaaggegtccac
taaaaatactgtggaccicaagetgicgteagtiactgoggecacactgeaacct

actitigteccogeccggataacgatggaacctecggctacetgtecggaticgga
ctgtgggeacagggaaccctigtgactgictcgagegectecaccaagggoccct
cogtaticectetggeeccttgcteceggtccacctecgagictacegecgetctgg
getgeciggteaaggactacticeccgageccgtgacagtgteciggaactetgee
gecctgacciceggegtgeacaccticectgecgigetgeagicaiceggectata
ctecetgiccteegicgteacegtgocctectecagectggecaccagacetaca
ctaagtacggecctecctgoccecectgocetgoecetgaatticigggeggacct
tcogtgticetgticoceccaangoccasggacacectgatgateieccgeaceee

ggaacagitcaactccacctaceggetggtgtecgigetgacegigetecaccag

gactggotgaacggcanagagtacaagigeaaggigiceancaagggectgece
1CCageatcgnanagaceateiCeaaggrcanggaccagoccegegageocca

getgtacaccotgeccoctagecaggangagatgaccaagaaccaggtgtoect

gaccigictggicaagggotictaccoctocgacattgeogiggaatggeagicea
acggecageocgagaacaaciacaagaccaccceeocctgigeiggacagega

ggctecticticctgtacteicggotgacegiggacaagicccggtggcaggangy
caacgtetictoctgeicogigatgeacgaggocctgeacaaccactacaccraga
agtocctgteectgagectgggcaag

909gH 13 V-region (Seq. ID. No.
439y cDNA

gaagtccagctgeasgaatcaggiccaggectogtcasaccatcaggaactitgtc
attgactigeacggigagegestictogetttcgacctactacatgiegtggptoce

ceagecgectgggaagpgactiggagtggatcggeatcatctaccegiocggeag
cacgtactcogotagctgggccaaggggrggitcaccatcageaaggegiocas

taaaaatactgtggaccicaagcigtogicagttactgeggocgacactgeaacct

actifigigeccgeceggataacgagggaacciceggciacctgiceggalicgga
ctgtggegacagggaaccotigtgactgtcicgage

127




WO 2016/176656

PCT/US2016/030303

¢DBNA Encoding ldentifier

Seqg. 1D No.

Sequence

909 gH 15 TG4 heavy chain (V
+ hman gamma-4F constant)
(Seq. 1D No. 4603 cDNA

478

gaagiccagetecaagaatcaggiccaggectegtcaaaccatcaggaactitgic
attgactigeacggtgageggeticicgetitcgacctactacatgtogtegaiocy
ccageogectgggaaggeactgragtggatcgecatcatctacecgicegecag
cacgtactccgotagetggeccaaggggcegticaccatcageaaggegiccac
taaaaatactgtggaccicaagetgicgteagtiactgoggecacactgeaacct
actittgteccogeccggataacgagggaacciceggetaccigiceggaticgga
ctgtgggeacagegaaccctigtgact
gictegagegectecaccaagggecccteegigticectctggeccatigetcocg
gtccaccicegagtetaccgocgctetgggctgeciggteaaggactactiococg
cectgeegtegctgcagicctecggectgiacteoct gtectecgtogtgacegtgee
ctectecagectggeeaccaagacetacaccigiaacgtiggaccacaageoctce
tgcectgeccetgaatiictggecggaccticogtattcetgticcccecanagece
aaggacacceigatgatctcccggaceccegaagigaccigegiggtggtgrac
gtgicccaggaagatcecgageiccagticaatigaiacgtggacggcatggaag
tgcacaatgecaagaccaagoccagagaggaacagitcaacicoacctaccgge

aagagatgaccaagaaccaggtgteoctgaccigtetggicaaggeotictaces

ctecgacattgcogtggaatgggagiccaacggocagecegagaacaactacaa
gaccacecceectgigotegacagegacggotocticiicetgiactciogentga
cegtggacaagiocoggiggcaggaaggeaacgictictectigetocgigatgca
cgaggecctgcacaaccactacacceagaagiccctgioccigagectggecan
g

909gH61 V-region (Seq. ID. No.
461y cDNA

509

gaagtccagoigeaagaatcaggiccaggectegicaaaccatcaggaactitgic
attgacttgogocgtgageggeticiogetitcgacciactacatgtcgtgggigcg
ccageogoctggeaaggeactggagtggatcggcatcatctacecgtceggeag
cacglacigegetagclgggocaaggggcggatgaccatcageaaggactoca

gcaaaaatcaggtgagecicaagetgicgicagtiactgeggocgacactgeagt

gtactattgtgccegeocggataacgatggaaccicoggetaccigicoggaticg
gactgtgggpacagggaaccciigtgacigicicgage
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¢DBNA Encoding ldentifier

Seqg. 1D No.

Sequence

909 gH61 TG4 heavy chain (V
+ hman gamma-4F constant)
(Seq. 1D No. 4623 cDNA

510

gaagiccagetecaagaatcaggiccaggectegtcaaaccatcaggaactitgic
attgactigegecgtgageggeticicgctitcgacctactacatgtogtegaiocy
ccageogectgggaaggeactgragtggatcgecatcatctacecgicegecag
cacgtactgegetagctgggccaaggggcgggteaccatcageaaggactcca
geaaaaatcaggtgagectcaagetgicgtcagttactgeggocgacactzcagt
gtactatigigccecgeecggataacgatggaacctecggctacctgtecggattc
reactgtggegacaggraaccetigtgactgtetcgagegcctocaccaaggac
coctecgigttcoctetggoceatigeteccggiccacctcegagictaccgocge
tetggectgcctggicaaggactacticeeegageccgtgacagigtectggaact
ctggegeectgacciccggegtgcacacctcectgeegtgotgcagiecteogg

gtgeaatciaagtacggeccicoctgecceacctgecetgeoceigaatitctgee
cgraccticogtgiicetgticcecccnaageccaaggacacectgatgaicicce
ggacccecgaagtgacetgegtgategtegacgtgtcccaggaagatccoegag
ccagagaggaacagitcaactccacctacegegtggtgicogtgctgacegtact
geaccaggactggcigaacggcasagagtacaagtzcangeietccancaagg
gectgecetccagealc gaaangaccatclocaaggreangeeccagececy
aggigicectgaccigictggteaagggotictacecctecgacatigec giggaat
gggagiccaacggerageegagaacaactacaagaccacceocctgigetg
gacagegacggctecticticeigtacictoggotgaccgiggacaagiocoggtg
gaggaaggeascgicticicctgoteo gl gatgcac gageecetgracanccac
tacacccagaagicectgtocctgagectgescang

909gH62 V-region (Seq. ID. No.
463) cDNA

511

gaagtccagoigeaagaatcaggiccaggectegicaaaccatcaggaactitgic
attgacttgogocgtgageggeticiogetitcgacciactacatgtcgtgggigcg
ccageogoctggeaaggeactggagtggatcggcatcatctacecgtceggeag
cacglacicegctagetgggccaagggecggetgaccalcageaaggacicra
gcaaaaatcaggtgagecicaagetgicgicagtiactgeggocgacactgeagt
gtactattgteccegeocggataacgagggaacclocggetaccigtocggatic g
gactgtgggeacagggaacceitgteacigicicgage
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¢DBNA Encoding Identifier Seqg. 1D No. Sequence

gaagiccagetecaagaatcaggiccaggectegtcaaaccatcaggaactitgic
attgactigegecgtgageggeticicgctitcgacctactacatgtogtegaiocy
ccageogectgggaaggeactgragtggatcgecatcatctacecgicegecag
cacgtactccgotagetgggccaaggggcegeteaccatcagcaaggactesa
geaaaaatcaggtgagectcaagetgicgtcagttactgeggocgacactzcagt
gtactattgteccegeecggataacgageeaacctocggetacctgtecggatic
reactgtggegacaggraaccetigtgactgtetcgagegcctocaccaaggac
coctecgigticoctctggoceatigeteccggiccacctcegagictaccgocgct
ctggectgoctgetcaaggaciacticeccgageccgigacagteteciggaactc
tggogccctgacciceggegigeacaceticectgccgigctgeagtectecggs
ctgtacteectgiectocgicgtgacegtgeccicciccagoctggeeaccangac

909 gH62 1gG4 heavy chain (V ctacacctgiaacgiggaccacaageecticecaacaccaaggiggacaageggst
+ human gamma-4P constant) 512 ggaatctaagtacggeccicecigeocceccigecctgecccigaatiteigggeg
{Seq. 1D No. 464) cDNA gaccitccgigitcctgticcecccaaageccaaggacaccctgal gacicocgg

gicectgacctgictggtcaaggectictacecctecgacatigecgiggaatges

agtocaacggecagecegagaacaactacaagaceacceocecigigetggaca
goegacggoteaticticetgiacicteggeigacegtggacaagioccggtggcag
gaaggcaacgictictectgotcogtgatgcacgaggeecigeacaaccactaca

cecagaagiocctgtecctgagoctggecaag

gacatccagatgacccagictccatecteocigicigeatctgtaggagacagagt

caccaicactigecgggcaagicagggcatiagaaatgatitaggctegtaicage

Human IGKVi-17 (A30)-JK4 agasaccagggaaageocctaagegoctgatctatgetgeatccagiitgcaaagt
acceptor framework cDNA ggggicccatcaaggticagogecagligaictgggacagaaticacictcacaat
cagcagectgcagectgaagatittgoaactiattacteictacagrataatagitac

celctoactticggeggaggpaccaagetggagatcaaa

caggtgcagetgeaggagicegeccaggaciggigaagccttcagggaccct
gteecteacctgegetgictctggtgeciceatcageagtagtaactgetogagtty
ggiccgecagoccecagggaageeectegagteoatiggeganatctatcatag
480 tgggageaccaactacaaccegtcocticaagagtcgagicaccatatcagtagas
aagiccangaaccagticicectgaageizageicigtgaccgocgeggacaceg
cogtgtattactetgcgagatacittgactactggegecaaggaaccctggicace
gtctectea

Huoman IGHV4-4 TH4 acceptor
framework cDNA

The present invention also relates to a cloning or expression vector comprising one or
more DNA sequences of the present invention. Accordingly, provided is a cloning or expression
vector comprising one or more DNA sequences encoding an antibody of the present invention.
Suitably, the cloning or expression vector comprises two DNA sequences, encoding the light

chain and the heavy chain of the antibody molecule of the present invention, respectively and
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suitable signal sequences. In one example the vector comprises an intergenic sequence between
the heavy and the light chains (see W(03/048208).

General methods by which the vectors may be constructed, transfection methods and
culture methods are well known to those skilled in the art. In this respect, reference is made to
“Current Protocols in Molecular Biology”, 1999, F. M. Ausubel {ed), Wiley Interscience, New

York and the Maniatis Manual produced by Cold Spring Harbour Publishing.

Host Cells Expressing anti-aP2 Antibodies or Fragments Thereof

Also provided is a host cell comprising one or more cloning or expression vectors
comprising one or more DNA sequences encoding an antibody of the present invention. Any
suitable host cell/vector system may be used for expression of the DNA sequences encoding the
antibody molecule of the present invention. Bacterial, for example E. coli, and other microbial
systems may be used or eukaryotic, for example mammalian, host cell expression systems may
also be used. Suitable mammalian host cells include CHO, myeloma or hybridoma cells.

Suitable types of Chinese Hamster Ovary (CHO cells) for use in the present invention
may include CHO and CHO-K1 cells including dhfr- CHO cells, such as CHO-DG44 cells and
CHO-DXB11 cells and which may be used with a DHFR selectable marker or CHOK1-SV cells
which may be used with a glutamine synthetase selectable marker. Other cell types of use in
expressing antibodies include lymphocytic cell lines, e.g., NSO myeloma cells and SPZ cells,
COS cells. Other suitable cells may include human embryonic kidney (hek) fibroblasts, for
example hek293F and ExpiHek cells, which are known in the art.

In one embodiment, provided is a host cell comprising a cloning or expression vector
comprising a BNA sequence selected from Seq. 1D Nos. 467, 469, 491, 493, 471, 473, 475, 507,
477,509, 511, 468, 470, 492, 494, 472, 474, 476, 508, 478, 510, or 512.

Production of anti-aP2 Antibodies or Fragments Thereof

The present invention also provides a process for the production of an antibody molecule
according to the present invention comprising culturing a host cell containing a vector of the
present invention under conditions suitable for leading to expression of protein from DNA

encoding the antibody molecule of the present invention, and isolating the antibody molecule.
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The antibody molecule may comprise only a heavy or light chain polypeptide, in which
case only a heavy chain or light chain polypeptide coding sequence needs to be used to transfect
the host cells. For production of products comprising both heavy and light chains, the cell line
may be transfected with two vectors, a first vector encoding a light chain polypeptide and a
second vector encoding a heavy chain polypeptide.  Alternatively, a single vector may be used,
the vector including sequences encoding light chain and heavy chain polypeptides.

There 15 a provided a process for culturing a host cell and expressing an antibody or
fragment thereof, isolating the latter and optionally purifying the same to provide an isolated
antibody or fragment. In one embodiment the process further corprises the step of conjugating
an effector molecule to the isolated antibody or fragment, for example conjugating to a PEG
polymer in particular as described herein.

in one embodiment there is provided a process for purifying an antibody (in particular an
antibody or fragment according to the invention} comprising the steps: performing anion
exchange chromatography in non-binding mode such that the impurities are retatned on the
column and the antibody 1s eluted.

In one embodiment the purification employs atfinity capture on a Protein A column, and
then titration. On one embodiment, the purification employs affinity capture on a Protein G
column, and then HPLC titration. On one embodiment, the purification employs affinity capture
on an aP2 column, and then titration.

In one embodiment the purification employs cibacron blue or similar for purification of
albumin fusion or conjugate molecules.

Suitable ion exchange resins for use in the process include Q FF resin (supplied by GE-
Healthcare} The step may, for example be performed at a pH about 8.

The process may further comprise an initial capture step employing cation exchange
chromatography, performed for example at a pH of about 4 to 5, such as 45 The cation
exchange chromatography may, for example employ a resin such as CaptoS resin or SP
sepharose FF (supplied by GE-Healthcare). The antibody or fragment can then be eluted from
the resin employing an ionic salt solution such as sodium chloride, for example at a
concentration of 200mM.

Thus the chromatograph step or steps may include one or more washing steps, as

appropriate.
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The purification process may also comprise one or more filtration steps, such as a
diafiltration step or HPLC filtration step.

Thus in one embodiment there is provided a purified anti-aP2 antibody or fragment, for
example a humanised antibody or fragment, in particular an antibody or fragment according to
the invention, in substantially purified from, in particular free or substantially free of endotoxin
and/or host cell protein or DNA.

Purified from as used supra is intended to refer to at least 90% purity, such as 91, 92, 93,
94, 95, 96, 97, 98, 99% w/w or more pure.

Substantially free of endotoxin is generally intended to refer to an endotoxin content of 1
EU per mg antibody product or less such as 0.5 or 0.1 EU per mg product.

Substantially free of host cell protein or DNA 1s generally intended to refer to host cell
protetn and/or DNA content 400ug per mg of antibody product or less such as 100ug per mg or

less, in particular 20pg per mg, as appropriate.

Pharmaceutical Compositions

As the antibodies of the present invention are useful 1n the treatment and/or prophylaxis
of a pathological condition, the present invention also provides a pharmaceutical or diagnostic
composition comprising an antibody or antigen binding agent of the present invention in
combination with one or more of a pharmaceutically acceptable excipient, diluent, or carrier.
Accordingly, provided is the use of an antibody or antigen binding agent of the invention for the
manutfacture of a medicament. The composition will usually be supplied as part of a sterile,
pharmaceutical composition that will normally include a pharmaceutically acceptable carrier. A
pharmaceutical composition of the present invention wmay additionally comprise a
pharmaceutically-acceptable excipient.

The present invention also provides a process for preparation of a pharmaceutical or
diagnostic composition comprising adding and mixing the antibody or antigen binding agent of
the present invention together with one or more of a pharmaceutically acceptable excipient,
diluent, or carrier.

The antibody or antigen binding agent may be the sole active ingredient in the

pharmaceutical or diagnostic composttion or may be accompanied by other active ingredients

i
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including other antibody ingredients or non-antibody ingredients such as steroids or other drug
molecules, in particular drug molecules whose half-life 1s independent of aP2 binding.

The pharmaceutical compositions suitably comprise a therapeutically effective amount of
the antibody or antigen binding agent of the invention. The term “therapeutically effective
amount” as used herein refers to an amount of a therapeutic agent needed to treat, ameliorate, or
prevent a targeted disease or condition, or to exhibit a detectable therapeutic or preventative
effect. For any disclosed antibody or antigen binding agent, the therapeutically effective amount
can be estimated initially either in cell culture assays or in animal models, usually in rodents,
rabbits, dogs, pigs or primates. The animal model may also be used to determine the appropriate
concentration range and route of administration. Such information can then be used to determine
useful doses and routes for adnunistration in humans.

The precise therapeutically effective amount for a human subject will depend upon the
severity of the disease state, the general health of the subject, the age, weight and gender of the
subject, diet, time and frequency of administration, drug combination{s), reaction sensifivities
and tolerance/response to therapy. This amount can be determined by routine experimentation
and 1s within the judgment of the clinician. Generally, a therapeutically effective amount will be
from 0.01 mg/kg to 500 mg/kg, for example 0.1 mg'kg to 200 mg/kg, such as 100mg/Kg.
Pharmaceutical compositions may be conveniently presented in unit dose forms containing a
predetermined amount of an active agent of the invention per dose.

Therapeutic doses of the antibodies or antigen binding agents according to the present
disclosure show no apparent toxicology effects in vivo.

Advantageously, the levels of aP2 activity in vivo may be maintained at an appropriately
reduced level by administration of sequential doses of the antibody or binding agent according to
the disclosure.

Compositions may be administered individually to a patient or may be administered n
combination {e.g simultaneously, sequentially, or separately} with other agents, drugs or
hormones.

A pharmaceutical composition may also contain a pharmaceutically acceptable carrier for
administration of the antibody or antigen binding agent. The carrier should not itself induce the
production of antibodies harmtul to the individual receiving the composition and should not be

toxic. Suitable carriers may be large, slowly metabolised macromolecules such as proteins,
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polypeptides, Hiposomes, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino
acids, amino acid copolymers and inactive virus particies.

Pharmaceutically acceptable salts can be used, for example mineral acid salts, such as
hydrochlorides, hydrobromides, phosphates and sulphates, or salts of organic acids, such as
acetates, propionates, malonates and benzoates.

Pharmaceutically acceptable carriers in therapeutic compositions may additionally
contain liguids such as water, saline, glycerol and ethanol.  Additionally, awxiliary substances,
such as wetting or emulsifying agents or pH buffering substances, may be present in such
compositions. Such carriers enable the pharmaceutical corpositions to be formulated as tablets,
pills, dragees, capsules, liquids, gels, syrups, slurries and suspensions, for ingestion by the
patient.

Preferred forms for administration include forms suitable for parenteral administration,
e.g. by injection or mnfusion, for example by bolus injection or continuous infusion. Where the
product is for injection or infusion, it may take the form of a suspension, solution or emulsion in
an oily or aqueocus vehicle and it may contain formulatory agents, such as suspending,
preservative, stabilising and/or dispersing agents. Alternatively, the antibody molecule may be
in dry form, for reconstitution before use with an appropriate sterile liquid.

Ouce tormulated, the compositions of the invention can be admirustered directly to the
subject. The subjects to be treated can be animals. However, it is preferred that the compositions
are adapted for administration to human subjects.

The pharmaceutical compositions of this invention may be administered by any number
of routes including, but not limited to, oral, intravenous, intramuscular, intra-arterial,
intramedullary, intrathecal, intraventricular, transdermal, franscutaneous (for example, see
W98/20734), subcutaneous, intraperitoneal, intranasal, enteral, topical, sublingual, intravaginal
or rectal routes. Hyposprays may also be used to administer the pharmaceutical compositions of
the invention. Typically, the therapeutic compositions may be prepared as injectables, either as
Hiquid solutions or suspensions. Solid forms suitable for solution in, or suspension in, liquid
vehicles prior to injection may also be prepared. Durect delivery of the compositions will
generally be accomplished by injection, subcutancously, imtraperitoneally, intravenously or

intramuscularly, or delivered to the interstitial space of a tissue. The compositions can also be
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administered into a lesion. Dosage treatment may be a single dose schedule or a multiple dose
schedule.

It will be apprectated that the active ingredient in the composition will be an antibody
molecule. As such, it will be susceptible to degradation in the gastrointestinal tract. Thus, if the
compaosttion is to be administered by a route using the gastrointestinal tract, the composition will
need to contain agents which protect the antibody from degradation but which release the
antibody once it has been absorbed from the gastrointestinal tract.

A thorough discussion of pharmaceutically acceptable carriers is available in
Remington's Pharmaceutical Sciences (Mack Publishing Company, N.J. 1991).

In one embodiment, the anti-aP2 monoclonal antibodies described herein are
administered as a controlled release formulation, including implants, transdermal patches, and
microencapsulated delivery systems. Biodegradable, biocompatible polymers can be used, such
as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and
polvlactic actd. Many methods for the preparation of such formulations are described by eg.,
Sustained and Controlied Release Drug Delivery Systems, J. R, Robinson, ed., Marcel Dekker,
Inc, New York, 1978 Pharmaceutical compositions are preferably manufactured under GMP
conditions.

In one embodiment, the anti-aP2 monoclonal antibodies are administered continuously,
for example, the antibody can be administered with a needleless hypodermic injection device,
such as the devices disclosed in, e.g., U.S. Pat. No. 5,399,163, 5,383,851, 5,312,335, 5,004,413,
4,941,880, 4,790,824, or 4,596,556, Examples of implants and modules useful in the present
invention include: U.S. Pat. No. 4,487,603, which discloses an implantable micro-infusion pump
for dispensing medication at a controlled rate; U.S. Pat. No. 4,486,194, which discloses a
therapeutic device for administering medicants through the skin; U.S. Pat. No. 4,447,233, which
discloses a medication infusion pump for delivering medication at a precise infusion rate; U.S.
Pat. No. 4,447224, which discloses a variable flow implantable infusion apparatus for
contiruous drug delivery; U.S. Pat. No. 4,439,196, which discloses an osmotic drug delivery
system having multi-chamber compartments; and U.S. Pat. No. 4,475,196, which discloses an
osmotic drug delivery system. Many other such implants, delivery systems, and modules are

known.
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Therapeutic Applications

The anti-aP2 monoclonal antibody compounds described herein, including anti-human
aP2 humanized antibody compounds, as well as the disclosed antigen binding agents target the
lipid chaperone aP2/FABP4 protein and are useful in treating metabolic disorders, including, but
not limited to, diabetes (for example type 2 diabetes), obesity, and fatty liver disease, cancer,
including liposarcomas, bladder cancer, and ovarian cancer, and cardiovascular disorders. It has
been surprisingly discovered that the anti-aP2 antibody compounds described herein are capable
of binding to secreted aP2 at a low-binding affinity, which, when administered to a host in need
thereof, neutralizes the activity of aP2 and provides lower fasting blood glucose levels, improved
systemic glucose metabolism, increased systemic insulin sensitivity, reduced fat mass, liver
steatosis, improved serum lipid profiles, and/or reduced atherogenic plaque formation in a host
when compared to anti-aP2 monoclonal antibodies having higher binding affinities.

In one aspect of the present invention, a method is provided for treating an aP2 mediated
disorder in a host by administering an effective amount of an anti-aP2 monoclonal antibody or
antigen binding agent described herein. In one embodiment, the disorder is a metabolic disorder.
In one embodiment, the disorder 1s diabetes. In one embodiment, the disorder 1s Type I diabetes.
In one embodiment, the disorder is Type H diabetes. In one embodiment, the disorder is
hyperglycemia. In one embodiment, the disorder 1s obesity. In one embodiment, the disorder is
dyslipidemia. 1n one embodiment, the disorder is fatty liver disease. In one embodiment, the
disorder is & cardiovascular disorder. In one embodiment, the disorder is atherosclerosis. In one
embodiment, the disorder is an inflammatory disorder. In one embodiment, the disorder is
asthma. In one embodiment, the disorder is a proliferative disorder, for example, a tumor or
neoplasm. In one embodiment, the tumor 1s selected from transitional bladder cancer, ovarian
cancer, and a liposarcoma. In one embodiment, the disorder is polycystic ovary syndrome

(POS).

Metabolic Disorders

In one aspect of the present invention, a method is provided for treating metabolic
disorder in a host by administering an effective amount of an anti-aP2 monoclonal antibody
described herein. A metabolic disorder includes a disorder, disease, or condition, which is

caused or characterized by an abnormal metabolism (i.e., the chemical changes in living cells by
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which energy is provided for vital processes and activities) in a subject. Metabolic disorders
include diseases, disorders, or conditions associated with hyperglycemia or aberrant adipose cell
{e.g., brown or white adipose cell) phenotype or function. Metabolic disorders can detrimentally
affect cellular functions such as cellular proliferation, growth, differentiation, or migration,
cellular regulation of homeostasis, inter- or intra~cellular communication, tissue function, such as
liver function, renal function, or adipocyte function; systemic responses in an organism, such as
hormonal responses (e g., insulin response). Examples of metabolic disorders include obesity,
diabetes, hyperphagia, endocrine abnormalities, triglyceride storage disease, Bardet-Bied!
syndrome, Laurence-Moon syndrome, Prader-Labhart-Willi syndrome, and disorders of lipid

metabolisn

Diabetes

Diabetes mellitus is the most common metabolic disease worldwide. Every day, 1700
new cases of diabetes are diagnosed in the United States, and at least one-third of the 16 million
Americans with diabetes are unaware of it. Diabetes is the leading cause of blindness, renal
fatlure, and lower limb amputations in adults and is a major risk factor for cardiovascular disease
and stroke.

In one aspect of the present invention, a method is provided for treating diabetes by
administering to a host an effective amount of an anti-aP2 monoclonal antibody described herein.
In one embodiment, the disorder is Type I diabetes. In one embodiment, the disorder is Type 1T
diabetes.

Type 1 diabetes results from autoimmune destruction of pancreatic beta cells causing
insulin deficiency. Type H or non-insulin-dependent diabetes mellitus (NIDDM) accounts for
>90% of cases and is characterized by a resistance to insulin action on glucose uptake in
peripheral tissues, especially skeletal muscle and adipocytes, impaired insulin action to inhibit
hepatic glucose production, and misregulated insulin secretion.

In one embodiment of the present invention, provided herein is a method of treating Type
I diabetes tn a host by administering to the host an effective amount of an anti-aP2 monoclonal
antibody described herein in combination or alteration with insulin. In one embodiment of the

present invention, provided herein is a method of treating Type I diabetes in a host by
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administering to the host an effective amount of an anti-aPZ monoclonal antibody described
herein 1n combination or alteration with a synthetic insulin analog.

Some people who have Type I diabetes can achieve their target blood sugar levels with
diet and exercise alone, but many also need diabetes medications or insulin therapy. In one
embodiment of the present invention, provided herein is a method of treating Type I diabetes in
a host by administering to the host an effective amount of an anti-aP2 monoclonal antibody
described herein in combination or alteration with a compound selected from metformin
(Glucophage, Glumetza);, sulfonviureas, including glyburide (DiaBeta, Glynase}, glipizide
{Glucotrol) and glimepiride (Amaryl);, Meghtinides, for example repaglinide (Prandin) and
nateglinide (Starlix); thiazolidinediones, for example rosiglitazone (Avandia) and pioglitazone
{Actos), DPP-4 inhibitors, for example, sitaghliptin (Januvia), saxagliptin {Onglyza} and
linagliptin (Tradjenta), GLP-1 receptor agonists, for example Exenatide (Byetia) and liraglutide
(Victoza);, SGLT2 inhibitors, for example canaglifiozin (Invokana) and dapaglifiozin (Farxiga);
or insulin therapy. Nonlimiting examples of insulin include Insulin glulisine {Apidra), Insulin
lispro (Humalog); Insulin aspart (Novolog); Insulin glargine (Lantus); Insulin detemir (Levemir);
Insulin isophane (Homulin N, Novolin N).

In one embodiment, provided herein is a method of treating a disease or condition
associated with diabetes by administering to a host an effective amount of an anti-aP2
monoclonal antibody described herein.  Diseases and conditions associated with diabetes
mellitus  can  include, but are not restricted to, hyperglycemia, hyperinsulinaemia,
hyperliptdaemia, insulin resistance, impaired glucose metabolism, obesity, diabetic retinopathy,
macular degeneration, cataracts, diabetic nephropathy, glomerulosclerosis, diabetic neuropathy,
erectile dysfunction, premenstrual syndrome, vascular restenosis and ulcerative colitis.
Furthermore, diseases and conditions associated with diabetes mellitus comprise, but are not
restricted to: coronary heart disease, hypertension, angina pectoris, myocardial infarction, stroke,
skin and connective tissue disorders, foot ulcerations, metabolic acidosis, arthritis, osteoporosis

and 1n particular conditions of impaired glucose tolerance,
Body Weight Disorders

In one embodiment of the present invention, a method s provided for treating obesity in a

host by administering an effective amount of an anti-aP2 monoclonal antibody described herein.
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Obesity represents the most prevalent of body weight disorders, affecting an estimated 30 to 50%
of the middle-aged population in the western world.

In one embodiment of the present invention, a method s provided for treating obesity in a
host by administering an effective amount of an anti-aP2 monoclonal antibody or antigen
binding agent described herein in combination or alteration with a second therapeutic agent for
treating obesity. Examples of treatments for obesity include, but are not limited to phentermine,
Belviq (lorcaserin), diethylpropion, phendimetrazine tartrate, Xenical (orlistat), Contrave,
orlistat, methamphetamine, Desoxyn, Didrex, Bontril PDM, Suprenza, benzphetamine, (Jsymia
{phentermine-topiramat), Regimex, naltrexone-bupropion, Evekeo, lorcaserin, and amphetamine
suifate.

In one embodiment, a method is provided for reducing or inhibiting weight gain in a host
by administering an effective amount of an anti-aP2Z monoclonal antibody or antigen binding

agent described herein.

Fatty Liver Disease

There 1s a need for compositions and methods for the treatment and prevention of the
development of fatty liver and conditions stemming from fatty liver, such as nonalcoholic
steatohepatitis (NASH), liver inflammation, ctithosis and liver failure. To one embodiment of the
present invention, a method is provided for treating fatty liver disease in a host by administering
an effective amount of an anti-aPZ monoclonal antibody or binding agent as described herein.

n one embodiment, the anti-aP2 monoclonal antibody or antigen binding agent described
herein is administered in combination or alteration with omega-3 fatty acids or peroxisome
proliferator-activated receptors (PPARS) agonists.

Omega-3 fatty acids are known to reduce serum triglycerides by inhibiting DGAT and by
stimulating  peroxisomal and nutochondrial beta-oxidation. Two  omega-3  fatty acids,
eicosapentaenoic acid (EPA) and docosahexaenocic acid (DHA), have been found to have high
affinity for both PPAR-alpha and PPAR-gamma. Marine oils, e.g., fish oils, are a good source of
EPA and DHA, which have been found to regulate lipid metabolism. Omega-3 fatty acids have
been found to have beneficial effects on the risk factors for cardiovascular diseases, especially
mild hypertension, hypertriglyceridemia and on the coagulation factor VI phospholipid complex

activity. Omega-3 fatty acids lower serum triglycerides, increase serum HDL- cholesterol, lower
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systolic and diastolic blood pressure and the pulse rate, and lower the activity of the blood
coagulation factor ViH-phospholipid complex. Further, omega-3 fatty acids seern to be well
tolerated, without giving rise to any severe side effects. One such form of omega-3 fatty acid is a
concentrate of omega-3, long chain, polyunsaturated fatty acids from fish il containing DHA
and EPA and is sold under the trademark Omacor®. Such a form of omega-3 fatty acid is
described, for example, in U.S. Patent Nos. 5,502,077, 5,656,667 and 5,698,594, the disclosures
of which are incorporated herein by reference.

Peroxisome proliferator-activated receptors (PPARs) are members of the nuclear
hormone receptor superfarly ligand-activated transcription factors that are related to retinoid,
steroid and thyroid hormone receptors. There are three distinct PPAR subtypes that are the
products of different genes and are commonly designated PPAR-alpha, PPAR-beta/delta (or
merely, delta) and PPAR-gamma. General classes of pharmacological agents that stimulate
peroxisomal activity are known as PPAR agonists, e.g., PPAR-alpha agonists, PPAR-gamma
agonists and PPAR-delta agonists. Some pharmacological agents are combinations of PPAR
agonists, such as alpha/gamma agonists, etc., and some other pharmacological agents have dual
agonist/antagonist activity. Fibrates such as fenofibrate, bezatibrate, clofibrate and gemfibrozil,
are PPAR-alpha agonists and are used in patients to decrease lipoproteins rich in triglycerides, to
increase HDL and to decrease atherogenic-dense LDL. Fibrates are typically orally administered
to such patients. Fenofibrate or 2-[4-(4-chlorobenzoyl)phenoxyl-2-methyl-propanoic acid, 1-
methylethy! ester, has been known for many years as a medicinally active principle because of its

efficacy in lowering blood triglyceride and cholesterol levels.

Cardiovascular Disease

In one embodiment of the present invention, a method is provided for treating
cardiovascular disease in a host by administering an effective amount of an anti-aP2 monoclonal
antibody described herein. The anti-aP2 antibodies of the present invention are useful in
preventing, inhibiting or reducing risk of cardiovascular and cerebrovascular diseases resulting
from atheroscierosis, such as cardiac and/or cerebral ischemia, myocardial infarction, angina,
peripheral vascular disease and stroke.

in one embodiment, a method is provided for preventing, inhibiting or reducing risk of

cardiovascular and cerebrovascular diseases resulting from atherosclerosis in a host by
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administering to the host an effective amount of an anti-aP2Z monoclonal antibody described
herein in combination or alteration with an anti-atherosclerotic agent.

Examples of anti-atherosclerotic agents include, but are not limited to, HMG CoA
reductase inhibitors, microsomal triglyceride transfer protein (MTP) inhibitors, fibric acid
derivatives, squalene synthetase inhibitors and other koown cholesterol lowering agents,
lipoxygenase inhibitors, ACAT inhibitors, and PPAR o/y dual agonists as disclosed hereinafter.

The anti-atherosclerotic agent may be an HMG CoA reductase inhibitor, which includes,
but is not limited to, mevastatin and related compounds as disclosed in U.S. Pat. No. 3,983,140,
lovastatin {mevinolin} and related compounds as disclosed in US. Pat. No. 4,231,938,
pravastatin and related compounds such as disclosed in 1.8, Pat. No. 4,346,227, simvastatin and
related compounds as disclosed in U.S. Pat. Nos. 4,448,784 and 4,450,171, with pravastatin,
fovastatin or simvastatin being preferred. Other HMG CoA reductase inhibitors, which may be
employed herein, include, but are not limited to, fluvastatin, disclosed in US. Pat No.
5,354,772, cerivastatin disclosed in U.S. Pat Nos 5006530 and 5,177,080, atorvastatin
disclosed in U.S. Pat. Nos. 4,681,893, 5,273,995, 5385929 and 5,686,104, pyrazole analogs of
mevalonolactone derivatives as disclosed in US. Pat. No. 4,613,610, indene analogs of
mevalonolactone derivatives as disclosed in PCT application WO 86/03488, 6-(2-(substituted-
pytrol-1-yh-altkyDpyran-2-ones and derivatives thereot as disclosed in U.S. Pat. No. 4,647,576,
Searle's SC-45355 (a 3-substituted pentanedicic acid derivative} dichloroacetate, imidazole
analogs of mevalonolactone as disclosed in PCT application WO 86/07054, 3-carboxy-2-
hydroxy-propane-phosphonic acid derivatives as disclosed in French Patent No. 2,596,393, 2,3~
disubstituted pyrrole, furan and thiophene derivatives as disclosed in Furopean Patent
Application No. 0221025, naphthy] analogs of mevalonolactone as disclosed in U.S. Pat. No.
4,680,237, octahydronaphthalenes such as disclosed in U.S. Pat. No. 4,499,289, keto analogs of
mevinolin (lovastatin} as disclosed 1n European Patent Application No. 0142146A2, as well as
other known HMG CoA reductase inhibitors. In addition, phosphinic acid compounds useful in
inhibiting HMG CoA reductase suitable for use herein are disclosed in GB 2205837

The squalene synthetase inhibitors suitable for use herein include, but are not limited to,
a~phosphono-sulfonates disclosed in U.S. Pat. No. 5,712,396, those disclosed by Biller et al, J.
Med. Chem, 1988, Vol 31, No 10, pp 1869-1871, including isoprenoid

{phosphinylmethyDphosphonates as well as other squalene synthetase inhibitors as disclosed in
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U.S. Pat. Nos. 4,871,721 and 4,924,024, In addition, other squalene synthetase inhibitors
suitable for use herein include the terpenoid pyrophosphates disclosed by P. Ortiz de Montellano
et al, J. Med. Chem., 1977, 20, 243-249, the farnesyl diphosphate analog A and presqualene
pyrophosphate (PSQ-PP) analogs as disclosed by Corey and Volante, J. Am. Chem. Soc., 1976,
98, 1291-1293, phosphinylphosphonates reported by McClard, R. W. et al, JACS,, 1987, 109,
5544 and cyclopropanes reported by Capson, T. L, PhD dissertation, June 1987, Dept. Med.
Chem. U of Utah, abstract, Table of Contents, pp 16, 17, 40-43, 48-51, Summary.

Other cholesterol lowering drugs suitable for use herein include, but are not limited to,
antihyperlipoproteinemic agents such as fibric acid derivatives, such as fenofibrate, gemfibrozil,
clofibrate, bezafibrate, ciprofibrate, clinofibrate and the like, probucol, and related compounds as
disclosed in U.S. Pat No. 3,674,836, probucol and gemfibrozil being preferred bile acid
sequestrants such as cholestyramine, colestipol and DEAE-Sephadex (Secholex®, Polidexide®),
as well as clofibrate, hipostabil (Rhone-Poulenc), Eisal E-5050 (an N-substituted ethanolamine
derivatives, imanixii (HOE-402), tetrahydrolipstatin {THL), istigmastanyliphosphorylcholine
{SPC, Roche}, aminocyclodextrin (Tanabe Seiyoku), Ajinomoto AJ-814 (azulene derivative),
melinamide (Sumitomo), Sandoz 583-035 American Cyanamid CL-277,082 and CL-283,546
(disubstituted urea derivatives), nicotinic acid, acipimox, acifran, neomycin, p-aminosalicylic
acid, aspirin, poly{diallylmethylamine)} derivatives such as disclosed in US. Pat. No. 4,759,923,
quaternary amine poly{diallvldimethylarmonium chloride) and ionenes such as disclosed in U.S.
Pat. No. 4,027,009, and other known serum cholesterol lowering agents.

The antiatherosclerotic agent may also be a PPAR o/y dual agonist such as disclosed by
Murakami et al, “A Novel Insulin Sensitizer Acts As a Coligand for Peroxisome Proliferator—
Activated Receptor Alpha (PPAR alpha) and PPAR gamma. Effect on PPAR alpha Activation on
Abnormal Lipid Metabolism in Liver of Zucker Fatty Rats”, Diabetes 47, 1841-1847 (1998).

The anti-atherosclerotic agent may be an ACAT inhibitor such as disclosed in, “The
ACAT inhibitor, CI-1011 is effective in the prevention and regression of aortic fatty streak area
in hamsters”, Nicolosi et al, Atherosclerosis (Shannon, Irel). (1998), 137(1), 77-85; “The
pharmacoiogical profile of FCE 27677 a novel ACAT inhibitor with potent hypolipidemic
activity mediated by selective suppression of the hepatic secretion of ApoB100-containing
lipoprotein”, Ghiselli, Giancarlo, Cardiovasc. Drug Rev. (1998), 16(1), 16-30; “RP 73163: a

bioavailable alkyisulfinyi-diphenvhimidazole ACAT inhibitor”, Smith, C., et al, Bioorg. Med.
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Chem. Lett. (1996), 6(1), 47-50; “ACAT inhibitors: physiologic mechanisms for hypolipidemic
and anti-atherosclerotic activities in experimental ammals”, Krause et al, Edutor(s): Ruffolo,
Robert R., Jr; Hollinger, Mannfred A., Inflammation: Mediators Pathways (1995), 173-98,
Publisher: CRC, Boca Raton, Fla; “"ACAT inhibitors: potential anti-atherosclerotic agents”,
Sliskovic et al, Curr. Med. Chem. (1994}, 1(3), 204-25; “Inhibitors of acyl-CoA cholesterol -
acyl transferase (ACAT) as hypocholesterolemic agents. 6. The first water-soluble ACAT
inhibitor with lipid-regulating  activity. Inlubitors of acyi-CoA:cholesterol acyltransferase
(ACAT). 7. Development of a  series of  substituted  N-phenyl-N'-[{1-
phenyleyclopentyhmethyljureas with enhanced hypocholesterolemic activity”, Stout et al,
Chemtracts: Org. Chem. (1995}, 8(6), 359-62.

The other anti-atherosclerotic agent may also be a lipoxygenase inhibitor including a 15-
lipoxygenase {15-LO) inhibitor such as benzimidazole derivatives as disclosed in WO 97/12615,
15-LO inhibitors as disclosed in WO 97/12613, 1sothiazolones as disclosed in WO 96/38144, and
15-L.0 inhibitors as disclosed by Sendobry et al “Attenuation of diet-induced atherosclerosis in
rabbits with a highly selective 15-lipoxygenase inhibitor lacking significant antioxidant
properties, Brit. J. Pharmacology (1997) 120, 1199-1206, and Cornicelli et al, “15-Lipoxygenase
and its Inhibition: A Novel Therapeutic Target for Vascular Disease”, Current Pharmaceutical
Design, 1999, S, 11-20.

In one embodiment, provided herein is a method of preventing, attenuating or treating a
cardiovascular disorder in a host, wherein the host is peri- or post-menopausal. aP2 is known to
increase in peri-and post-menopausal women, who have a higher incidence of cardiovascular
discase than pre-menopausal women. Accordingly, administering an anti-aP2Z monoclonal
antibody or antigen binding agent described herein may be used to attenuate, prevent, or treat
peri- and post-menopausal women at risk for developing, or who have developed, cardiovascular

disease associated with elevated levels of circulating aP2.

Inflammatory Disease

The anti-aP2 antibodies and antigen binding agents described herein may be administered
for the treatment of an inflammatory disorder in a subject. Inflammation may arise as a response
to an injury or abnormal stimulation caused by a physical, chemical, or biclogic agent. An

inflammation reaction may include the local reactions and resulting morphologic changes,
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destruction or removal of injurious material such as an infective organism, and responses that
fcad to repair and healing. The term "inflammatory” when used in reference to a disorder refers
to a pathological process, which is caused by, resulting from, or resulting in inflammation that is
inappropriate or which does not resolve in the normal manner. Inflammatory disorders may be
systemic or localized to particular tissues or organs.

Inflammation is known to occur in many disorders which include, but are not limited to:
Systemic Inflammatory Response (SIRS);, Alzheimer's Disease (and associated conditions and
symptoms including: chronic neurcinflammation, glial activation; increased microglia; neuritic
plague formation; Amyotrophic Lateral Sclerosis (ALS), arthritis (and associated conditions and
symptoms including, but not limited to: acute joint inflammation, antigen-induced arthritis,
arthritis associated with chronic lymphocytic thyroiditis, collagen-induced arthritis, juvenile
arthritis, rheumatoid arthritis, osteoarthritis, prognosis and streptococcus-induced arthritis,
spondyloarthropathies, and gouty arthritis), asthma (and associated conditions and symptoms,
including: bronchial asthma; chronic obstructive airway disease, chronic obstructive pulmonary
disease, juvenile asthma and occupational asthma);, cardiovascular diseases (and associated
conditions and symptoms, including atherosclerosis, autoimmune myocarditis, chronic cardiac
hypoxia, congestive heart failure, coronary artery disease, cardiomyopathy and cardiac cell
dysfunction, including: aortic smooth muscle cell activation, cardiac cell apoptosis and
immunomodulation of cardiac cell function), diabetes {and associated conditions, including
autoimmune diabetes, insulin-dependent (Type I) diabetes, diabetic periodontitis, diabetic
retinopathy, and diabetic nephropathy), gastrointestinal inflammations (and related conditions
and symptoms, including celiac disease, associated osteopenia, chronic colitis, Crohn's disease,
inflammatory bowel disease and ulcerative colitis); gastric ulcers; hepatic inflammations such as
viral and other types of hepatitis, cholesterol galistones and hepatic fibrosis; HIV infection (and
associated conditions, including- degenerative responses, neurodegenerative responses, and HIV
associated Hodgkin's Disease), Kawasaki's Syndrome (and associated diseases and conditions,
including mucocutaneous lymph node syndrome, cervical lymphadenopathy, coronary artery
fesions, edema, fever, increased leukocytes, mild anemia, skin peeling, rash, conjunctiva redness,
thrombocytosis);, nephropathies (and associated diseases and conditions, including diabetic

nephropathy, endstage renal disease, acute and chronic glomerulonephritis, acute and chronic

2

interstitial nephritis, lupus nephritis, Goodpasture's syndrome, hemodialysis survival and renal
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ischemic reperfusion injury); neurcdegenerative diseases or neuropathological conditions (and
associated diseases and conditions, including acute neurodegeneration, induction of IL-1 in aging
and neurodegenerative disease, IL-I induced plasticity of hypothalamic neurons and chronic

stress  hyperresponsiveness, myelopathy);, ophthalmopathies {(and associated diseases and

conditions, including diabetic retinopathy, Graves' ophthalmopathy, inflammation associated
with corneal imjury or infection including corneal ulceration, and uveitis), osteoporosis {and
associated diseases and conditions, including alveolar, femoral, radial, vertebral or wrist bone
loss or fracture incidence, postmenopausal bone loss, fracture incidence or rate of bone loss);
otitis media (adult or pediatric), pancreatitis or pancreatic acinitis; periodontal disease {and
associated diseases and conditions, including adult, early onset and diabetic), pulmonary
diseases, including chronic lung disease, chronic sinusitis, hyaline membrane disease, hypoxia
and pulmonary disease in SIDS; restenosis of coronary or other vascular grafts; rheumatism
including rheumatoid arthritis, rheumatic Aschoff bodies, rheumatic diseases and rheumatic
myocarditis; thyroiditis including chronic lvmphocytic thyroiditis; urinary tract infections
including chronic prostatitis, chronic pelvic pain syndrome and urolithiasis, immunological
disorders, including autoimmune diseases, such as alopecia aerata, auvtoimmune myocarditis,
Graves' disease, Graves ophthalmopathy, lichen sclerosis, multiple sclerosis, psoriasis, systemic
hupus erythematosus, systemic sclerosis, thyroid diseases (e.g. gottre and struma lymphomatosa
{Hashimoto's thyrotditis, lymphadenoid goitre); lung injury (acute hemorrhagic lung injury,
Goodpasture's syndrome, acute ischemic reperfusion), myocardial dysfunction, caused by
occupational and environmental pollutants (g susceptibility to toxic otl syndrome silicosis},
radiation trauma, and efficiency of wound healing responses (e.g. burn or thermal wounds,
chronic wounds, surgical wounds and spinal cord injuries), septicaemia, acute phase response
{e.g. febrile response), general inflammatory response, acute respiratory distress response, acute
systemic inflammatory response, wound healing, adhesion, immuno-inflammatory respounse,
neurcendocrine response, fever development and resistance, acute-phase response, stress
response, disease susceptibility, repetitive rootion stress, tennis etbow, and pain manageruent and
fesponse.

In one embodiment of the present invention, provided herein 1s a method of treating Type
I diabetes in a host by administering to the host an effective amount of an anti-aP2 monoclonal

antibody described herein in combination or alteration with an anti-inflammatory agent. The
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anti-inflammatory agent can be a steroidal anti-inflammatory agent, a nonsteroidal anti-
inflammatory agent, or a combination thereof In some embodiments, anti-inflaramatory drugs
include, but are not limited to, alclotenac, alclometasone dipropionate, algestone acetonide, alpha
amylase, amcinatal, amcinafide, amfenac sodium, amiprilose hydrochloride, anakinra, anirolac,
anitrazafen, apazone, balsalazide disodium, bendazac, benoxaprofen, benzydamine
hydrochloride, bromelains, broperamole, budesonide, carprofen, cicloprofen, cintazone,
cliprofen, clobetasol propionate, clobetasone butyrate, clopirac, cloticasone propionate,
cormethasone acetate, cortodoxone, deflazacort, desonide, desoximetasone, dexamethasone
dipropionate, diclofenac potassium, diclofenac sodium, diflorasone diacetate, diflumidone
sodium, diflunisal, difluprednate, diftalone, dimethyl sulfoxide, drocinonide, endrysone,
enlimomab, enolicam sodium, epirizole, etodolac, etofenamate, felbinac, fenamole, fenbufen,
fenclofenac, fenclorac, fendosal, fenpipalone, fentiazac, flazalone, fluazacort, flufenamic acid,
flumizole, flunisolide acetate, flunixin, flunixin meglumine, fluocortin butyl, fluorometholone
acetate, fluquazone, flurbiprofen, fluretofen, fluticasone propionate, furaprofen, furcbufen,
halcinonide, halobetasol propionate, halopredone acetate, ibufenac, ibuprofen, thuprofen
aluminum, ibuproten piconol, ilomidap, indomethacin, indomethacin sodium, indoprofen,
indoxole, intrazole, isoflupredone acetate, isoxepac, isoxicam, ketoprofen, lofemizole
hydrochloride, lomoxicam, loteprednol etabonate, meclofenamate sodium, meclofenamic acid,
meclorisone dibutyrate, mefenamic acid, mesalamine, meseclazone, methylprednisolone
suleptanate, morniflumate, nabumetone, naproxen, naproxen sodium, naproxol, nimazone,
olsalazine sodium, orgotein, orpanoxin, oxaprozin, oxyphenbutazone, paranyline hydrochloride,
pentosan polysulfate sodium, phenbutazone sodium glycerate, pirfenidone, piroxicam, piroxicam
cinnamate, piroxicam olamine, pirprofen, prednazate, pritelone, prodolic acid, proquazone,
proxazole, proxazole citrate, rimexolone, romazarit, salcolex, salnacedin, salsalate, sanguinarium
chloride, seclazone, sermetacin, sudoxicarn, sulindac, suprofen, talmetacin, talniflurmate,
talosalate, tebufelone, tenidap, temidap sodium, tenoxicam, tesicam, tesimide, tetrydamine,
tiopinac, tixocortol pivalate, tolmetin, tolmetin sodium, triclonide, triflumidate, zmidometacin,
zomepirac sodium, aspirin (acetylsalicvlic acid), salicylic acid, corticosteroids, glucocorticoids,

tacrolimus, pimecorlimus, prodrugs thereof, co-drugs thereof] and combinations thereof.
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Cancers

The invention further provides a method of administering an anti-aP2 antibody or antigen
binding agent disclosed herein to treat cancer. In one embodiment, the cancer is selected from
liposarcoma, mesentery mixed-mullerian tumor, spinal schwannoma, gallbladder cancer, prostate
cancer, brain astrocytoma, lung cancer, ovarian cancer, bladder cancer, colon cancer, esophageal
cancer, post-menopausal breast cancer, endometrial cancer, kidney cancer, hiver cancer, and
pancreatic cancer

In one embodiment of the present invention, a method is provided for treating a
proliferative disorder, for exarnple, a tumor or neoplasm, in a host by administering an effective
amount of an anti-aP2 monoclonal antibody or antigen binding agent described herein. In one
embodiment, the tumor is selected from transitional bladder cancer, ovarian cancer, and a
liposarcoma.

In one embodiment, the cancer is bladder cancer. In one embodiment the cancer is
transitional cell carcinoma of the bladder. In one embodiment of the present invention, provided
herein is a method of treating bladder cancer in a host by administering to the host an effective
amount of an anti-aP2 monoclonal antibody or antigen binding agent described herein.

In one embodiment of the present invention, a method is provided for treating bladder
cancer in a host by administering an effective amount of an anti-aP2 monoclonal antibody or
antigen binding agent described herein in combination or alteration with an additional
chemotherapeutic agent. Additional chemotherapeutic agents for treatment of bladder cancer
include, but are not himited to, methotrexate, vinblastine, doxorubicin, cisplatin, gemcitabine,
carboplatin, paclitaxel, and epirubicin.

In one embodiment the cancer is ovarian cancer. In one embodiment of the present
invention, provided herein is a method of treating ovarian cancer in a host by administering to
the host an effective amount of an anti-aP2 monoclonal antibody or an antigen binding agent
described herein.

In one embodiment of the present invention, a method 15 provided for treating ovarian
cancer in a host by administering an effective amount of an anti-aP2 monoclonal antibody
described herein in combination or alteration with an additional chemotherapeutic agent.
Additional chemotherapeutic agents for treatment of ovarian cancer include, but are not limited

to, cisplatin, carboplatin, paclitaxel, docetaxel, albumin bound paclitaxel, altretamine,
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capecitabine, cyclophosphamide, etoposide, gemcitabine, ifosfamide, irinotecan, liposomal
doxorubicin, melphalan, pemetrexed, topotecan, and vinorelbine.

ln one embodiment of the present invention, provided herein is a method of treating
liposarcoma in 2 host by administering an effective amount of an anti-aP2 monoclonal antibody
or antigen binding agent described herein.  In one embodiment, the liposarcoma i1s well-
differentiated liposarcoma, myxoid liposarcoma, pleomorphic liposarcoma, or dedifferentiated
liposarcoma. In one embodiment, provided herein 13 a method of treating a sarcoma, for
example, but not limited to, a fibrous histiocytoma, synovial sarcoma, or leiomyosarcoma. In
one embodiment, the anti-aP2 mwonoclonal antibody or antigen binding agent is administered in
combination with a chemotherapeutic agent and or radiative agent.

In one embodiment, the neoplasm is a benign lipoma, for example, an adenolipoma,
angiolipoleiomyoma, angiolipoma, cerebellar pontine angle and internal auditory canal lipoma,
chondroid lipoma, corpus callosum lipoma, hibernoma, intradermal spindle cell lipoma, neural

fibrolipoma, pleomorphic lipoma, spindle-cell ipoma, and superficial subcutaneous lipoma.

Methods of Attenuating the Severity of an aP2-Mediated Disorder

A method of preventing or treating a disease or disorder caused by an aberrant level of
aP2 in a host, typically a human, is provided by administering to the host a therapeutically
effective amount of a monocional antibody or antigen binding agent as described herein. The
monoclonal antibody or fragment i1s administered at a dose sufficient to inhibit or reduce the
biological activity of aP2 either partially or fully.

In one aspect, a method of preventing or attenuating the severity of an aP2 mediated
disorder in a host is provided by administering an effective amount of an anti-aP2 monoclonal
antibody described herein, resulting in the reduction or attenuation of the biological activity of
secreted aP2, and a reduction in the associated physiological effects of elevated aP2 serum
levels, for example, a reduction in total cholesterol, high density lipoprotein (HDL), low density
Hipoprotein (LDL), very low density lipoprotein (VLDL), and/or trniglyceride, fasting blood
glucose levels, fat mass levels, hepatic glucose production, fat cell lipolysis, hyperinsulinemia,
and/or liver steatosis. In one embodiment, the attenuation of the biological activity of secreted
aP2 results tn an increase in insulin sensitivity, glucose metabolism, and/or the prevention of islet

B-cell death, dystunction, or loss.
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In one aspect of the present invention, a method of reducing total cholesterol in a host is
provided by administering an effective amount of an anti-aP2 monoclonal antibody or antigen
binding agent as described herein. In one embodiment, provided herein is a method of reducing
total cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL), very low
density lipoprotein (VLDL)}, and/or triglycerides in a host by administering an effective amount
of an anti-aP2 monoclonal antibody described herein.

I other aspects of the present invention, methods are providing for:

reducing fasting blood glucose levels;

reducing fat mass levels;

reducing hepatic glucose production;

reducing fat cell lipolysis;

reducing hyperinsulinemia;

reducing liver steatosis;

increasing glucose metabolism;

increasing insulin sensitivity;

preventing B-cell death, dysfunction, or loss; and/or

determining circulating secreted aP2 levels in a host;

coruprising administering an effective amount of an anti-aP2 antibody or astigen binding

agent described herein to a host, typically a human, in need thereof.

EXAMPLES

The lipid chaperone aP2/FABP4 has been implicated in the pathology of many
immunometabolic diseases, such as diabetes and atherosclerosis. While multiple lines of
evidence also support its involvement in human disease, targeting aP2Z for therapeutic
applications has vot yet been accomplished. Recent studies have shown that aP2 1s not simply an
intracellular protein but also an active adipokine that contributes to hyperglycemia by promoting
hepatic gluconeogenesis and interfering with peripheral insulin action. Serum aP2 levels are
markedly elevated in mouse and human obesity, and strongly correlate with metabolic
complications. As an illustrative embodiment, a low binding affinity monoclonal anti-aP2
antibody CA33, a rabbit-mouse hybrid anti-aP2 monoclonal antibody, which includes Rabbit 909

VH (Seq. ID No. 454} and 909 VL (Seq. 1D No. 445), is described that lowers fasting blood
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glucose levels, improves systemic glucose metabolism, increases systemic insulin sensitivity and
reduces fat mass and liver steatosis in obese mice. The structure of the aP2-CA33 complex was
examined and the target epitope resolved by crystallographic studies in comparison to another
monoclonal antibody that lacked efficacy in vivo (anti-aP2 monoclonal antibody H3) In
hyperinsulinemic-euglycemic clamp studies, the anti-diabetic effect of CA33 was predominantly
linked to the regulation of hepatic glucose output and peripheral glucose utilization. Importantly,
this antibody exhibited no biological effects in aP2-deficient mice, demonstrating its target

specificity.

Example 1: Preparation of an illustrative monocional antibody targeting secreted aP2
Amnimals

Animal care and experimental procedures were performed with approval from animal
care committees of Harvard University. Male mice (leptin-deficient {(ob/ob) and diet induced
obese (DIO) mice with CSTBL/6] background) were purchased from The Jackson Laboratory
{Bar Harbor, ME) and kept on a 12-hour light/dark cycle. DIO mice with C57BL/6J background
were maintained on high-fat diet (60% kcal fat, Research Diets, Inc., D124921) for 12 to 15
weeks before starting treatment except in clamp studies, for which they were on HFD for 20
weeks. Leptin-deficient {ob/ob) mice were maintained on regular chow diet (RD, PicoLab 5058
Lab Diet}. Animals used were 18 to 31 weeks of age for dietary models and 9 to 12 weeks of
age for the ob/ob model In all experiments, at least 7 mice in each group were used, unless
otherwise stated in the text. The mice were treated with 130 uyi PBS (vehicle} or 1.5 mg/mouse
(~33 mg'kg) anti-aP2 monoclonal antibody m 150 ul PBS by twice a week subcutaneous
injections for 3 to 5 weeks (Figure 1B). Before and after the treatment, blood samples were
coliected from the tail after 6 hours of daytime food withdrawal. Body weights were measured
weekly 1o the fed state. Blood glucose levels were measured weekly after ¢ hours of food
withdrawal or after 16 hours overnight fast. After 2 weeks of treatment, glucose tolerance tests
were performed by intraperitoneal glucose injections (0.75 g/kg for DIO, 0.5 g/kg for ob/ob
mice). After 3 weeks of treatment, insulin tolerance tests were performed in DIO mice by
intraperitoneal insulin injections (0.75 TW/kg). After 5 weeks of treatment, hyperinsulinemic-
euglycemic clamp experiments were performed 1in BIO mice as previously described (Furshashs

et al., (2007) Nature 447, 959-965; Maeda et al , (2005} Cell metabolism 1, 107-119),
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Metabolic cage (Oxymax, Columbus Instruments) and total body fat measurement by
dual energy X-ray absorptiometry (DEXA;PIXImus) were performed as previously described

(Furuhashi et al,, (2007) Nature 447, 959-965).

Production and administration of anti-aP2 antibodies

CA13, CA1S, CA23 and CA33 (Rabbit Ab 909) were produced and purified by UCB.
New Zealand White rabbits were immunized with a mixture containing recombinant human and
mouse aP2 {(generated in-house in E.coli: accession numbers CAG33184.1 and CAJ18597.1,
respectively ). Splenocytes, peripheral blood mononuclear cells (PBMCs) and boune marrow were
harvested from immunized rabbits and subsequently stored at — 80°C. B cell cultures from

immunized animals were prepared using a method similar to that described by Zubler et al,

interaction”, J Immunol 134, 3662-3668 (1985)). After a 7 day incubation, antigen-specific
antibody-containing  wells  were identified wusing a homogeneous fluorescence-linked
immunosorbent assay with biotinyviated mouse or human aP2 immobilized on Superavidin™
beads (Bangs Laboratories) and a goat anti-rabbit IgG Fey-specific Cy-5 conjugate {Jackson
ImmunocResearch). To identify, isolate and recover the antigen-specific B-cell from the wells of
interest, we used the fluorescent foci method (Clargo et al, (2014) mAbs 6, 143-159). This
method involved harvesting B cells from a posttive well and mixing with paramagnetic
streptavidin beads (New England Biolabs) coated with biotinylated mouse and human aP2 and
goat anti-rabbit Fc fragment-specific FITC conjugate (Jackson ImmunoResearch). After static
incubation at 37°C for 1 h, antigen-specific B celis could be identified due to the presence of a
fluorescent halo surrounding that B cell. Individual antigen-specific antibody secreting B cells
were viewed using an Clympus IX70 microscope, and were picked with an Eppendorf
micromanipulator and deposited into a PCR tube. Variable region genes from these single B-
cells were recovered by RT-PCR, using primers that were specific to heavy- and light-chain
variable regions. Two rounds of PCR were performed, with the nested 2° PCR incorporating
restriction sites at the 3" and 5" ends allowing cloning of the variable region into a variety of
expression vectors; mouse y1 IgG, mouse Fab, rabbit vi IgG (VH) or mouse kappa and rabbit
kappa (VL) Heavy- and light-chain constructs were transfected into HEK-293 cells using Fectin

293 {(Invitrogen} and recombinant antibody expressed in 6-well plates. After 5 days' expression,
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supernatants were harvested and the antibody was subjected to further screening by biomolecular
interaction analysis using the BiaCore system to determine affinity and epitope bin.

Mouse anti-aP2 monoclonal antibody H3 was produced by the Dana Farber Cancer
Institute Antibody Core Facility., Female CS7BL/6 aP2-/- mice, 4-6 weeks old, were immunized
by injection of full-length human aP2/FABP4-Gst recombinant protein was suspended in
Dulbecco’s phosphate buttered saline (PBS; GIBCO, Grand Island, NY) and emulsified with an
equal volurne of complete Freund’s adjuvant (Sigroa Chemical Co., St Louis, MO). Spleens
were harvested from immunized mice and cell suspensions were prepared and washed with PBS.
The spleen cells were counted and mixed with SP 2/0 myeloma cells (ATCC No. CRLB-006,
Rockville, MD) that are incapable of secreting either heavy or light chain immunogliobulins
{Kearney et al., (1979) Journal of Immunology 123, 1548-1550) at a spleen:myeloma ratio of
2:1. Cells were fused with polyethylene glycol 1450 (ATCC) in 12 96-well tissue culture plates
in HAT selection medium according to standard procedures (Kohler et al., (1975) Nature 256,
495-497). Between 10 and 21 days after fusion, hybridoma colontes became visible and culture
supernatants were harvested then screened by western blot on strep-His-human-aP2/FABP4. A
secondary screen of 17 selected positive wells was done using high-protein binding 96-well EIA
plates (Costar/Corning, Inc. Corning, NY} coated with 50 pl/well of a 2 ug/ml solution (0.1
pg/well) of strep~-His-human-aP2/FABP4 or an irrelevant Gst-protein and incubated overnught at
40C.). Positive hybridomas were subcloned by limiting dilution and screened by ELISA.
Supernatant fusions were isotyped with Isostrip kit (RocheDiagnostic Corp., Indianapolis, IN).

Large-scale transient transfections were carried out using UCB s proprietary CHOSXE
cell line and electroporation expression platform. Cells were and maintained in logarithmic
growth phase in CBCHO media (LifeTech) supplemented with 2 mM Glutamax at 140 rpm in a
shaker incubator (Kuhner AG, Birsfelden, Switzerland) supplemented with 8% CO2 at 37°C.
Prior to transfection, the cell nurnbers and viability were determined using CEDEX cell counter
(Innovatis AG. Bielefeld, Germany) and 2x108 cells/ml were centrifuged at 1400 rpm for 10
minutes. The pelieted cells were washed in Hyclone MaxCyte buffer (Thermo Scientific) and
respun for a further 10 minutes and the pellets were re-suspended at 2x108 cells/ml in fresh
buffer. Plasmid DNA, purified using QTAGEN Plasnud Plus Giga Kit® was then added at 400
ug/ml. Following electroporation using a MAxcyte STX® flow electroporation 1nstrument, the

cells were transterred in  ProCHO medium (Lonza) containing 2 mM Glutamax and antibiotic

it
v
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antimitotic solution and cultured in wave bag (Cell Bag, GE Healthcare) placed on Bioreactor
platform set at 37°C and 5% CO2 with wave motion induced by 25 rpm rocking,

Twenty-four hours post transfection a bolus feed was added and the temperature was
reduced to 320C and maintained for the duration of the culture period (12-14 days). Atday 4 3
mM sodium butryrate (n-BUTRIC ACID sodium salt, Sigma B-5887) was added to the culture.
At day 14, the cultures were centrifuged for 30 minutes at 4000 rpm and the retained
supernatants were filtered through 0.22 um SARTO BRAN-P (Millipore} tollowed by 0.22 pm
Gamma gold filters. CHOSXE harvest expressing mouse monocional antibody {mAb) was
conditioned by addition of NaCl {to 4M). The sample was loaded onto a protein A MabSelect
Sure packed column (GE-healthcare) equilibrated with 0.1M Glycine + 4M Na(l pH85 at
1Smi/min. The sample was washed with 0.1M Glycine + 4M NaCl pHS8.5 and an additional wash
step was performed with 0.15M NaZHPO4 pH 9. The UV absorbance peak at A280nm was
collected during elution from the column using 0.1M sodium citrate pH 3.4 elution buffer and
then neutralized to pH 7.4 by addition of 2M Tris-HCI pH 8.5. The mAb pool from protein A
was then concentrated to suitable volume using a minisette Tangential Flow Filtration device
before being purified further on a HiLoad XK 50/60 Superdex 200 prep grade gel filtration
column (GE-healthcare). Fractions collected were then analysed by analytical gel filtration
techuique for monomer peak and clean monomer fractions pooled as final product. The final
product sample was then characterised by reducing and non-reduced SDS-PAGE and analytical
gel filtration for final purity check. The sample was also tested and found to be negative for
endotoxin using a LAL assay method for endotoxin measurements. The final buffer for all mAbs
tested was PBS. For in vivo analysis, puritied antibodies were diluted in saline to 10 mg/ml and

injected at a dose of 1.5 mg/mouse (33 mg/kg) into ob/ob and WT mice on high-fat diet.

Measurement of antibody affinity

The affinity of anti-aP2 binding to aP2 (recombinantly generated in E. coli as described
below) was determived by biomolecular interaction analysis, using a Biacore T200 systern (GE
Healthcare}. Affinipure F{ab™)2 fragment goat anti-mouse Ig(, Fc fragment specific {Jackson
ImmunoResearch Lab, Inc) in 10 mM NaAc, pH 5 buffer was immobilized on a CMS Sensor
Chip via amine coupling chemisiry to a capture level between 4500 - 6000 response units (RU}

using HBS-EP+ (GE Healthcare) as the running buffer. Anti-aP2 IgG was diluted to between 1-
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10 pg/ml in running buffer. A 60 s injection of anti-aP2 IgG at 10 ul/min was used for capture
by the immobilized anti-mouse Ig(, Fe then aP2 was titrated from 25 nM to 3.13 nM over the
captured anti-aP2 for 180 s at 30 ul/min followed by 300 s dissoctation. The surface was
regenerated by 2 x 60 s 40 mM HCl and 1 x 30 s 5 mM NaOH at 10 ul/min. The data were
analyzed using Biacore T200 evaluation software (version 1.0) using the 1.1 binding model with
focal Rmax. For CA33, 60 s injection of the antibody at 10 ul/min was used for capture by the
immobilized anti-mouse 1gG, Fo then aP2 was titrated from 40 pM to 0.625 pM over the
captured anti-aP2 for 180 s at 30 ul/min followed by 300 s dissociation. The surface was
regenerated by 1 x 60 3 40 mM HCL 1 % 30 3 5 mM NaOH and 1 x 60 s 40 mM HCI at 10

ul/min. Steady state fitting was used to determine affinity values.

Antibody cross-blocking

The assay was performed by injecting mouse aP2 in the presence or absence of mouse
anti-aP2 IgG over captured rabbit anti-aP2 lgG.  Biomolecular interaction analysis was
performed using a Biacore T200 (GE Healthcare Bio-Sciences AB). Anti-aP2 rabbit IgG
transient supernatants were captured on the immobilized anti-rabbit Fe surfaces (one supernatant
per tlowcell) using a flow rate of 10 pl/min and a 60 s injection to give response levels above
200RU. Then mouse aP2 at 100 nM, 0 nM or mouse aP2 at 100 nM plus mouse anti-aP2 IgG at
500 nM were passed over for 120s followed by 120s dissociation. The surfaces were regenerated

with 2x 60 5 40 mM HCl and 1x 30 s 5 mM NaOH.

FABP cross-reactivity

The recombinant human proteins aP2 (generated at UCB in E. coli (see method below)),
hFABP3 (Sino Biological Inc.) and hFABPS/hMall (Sino Biological Inc.) were biotinviated in a
S-fold molar excess of EZ-Link® Sulfo-NHS-LC-Biotin (Thermo Fisher Scientific) and puritied
from unbound biotin using a Zeba desalting column (Thermo Fisher Scientific). All binding
studies were performed at 25°C using a FortéBio Octet RED384 gystem (Pall FortéBio Corp.}.
After a 120 s baseline step in PBS containing 0.05% Tween 20, pH7.4 (PBS-T), Dip and
ReadTM streptavidin (SA) biosensors (Pall FortéBio Corp.} were loaded with biotinylated
recombinant haP2, hFABP3 or hFABPS5/hMall at 60 nM for 90 s. After a 60 s stabilisation step

in PBS-T, each FABP-loaded biosensor was transferred to a sample of monoclonal antibody at
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800 nM and association was measured for 5 min. Biosensors were then transferred back to PBS-
T for 5 min to measure dissociation. Non-specific binding of antibodies was monitored using
unipaded biosensor tips. Maximal association binding i.e., once signal had plateauned, minus

background binding, was plotted for each antibody/FABP combination.

aP2 expressien and purification

Mouse (or human) aP2 cDNA optiraized for expression in E. colt was purchased from
DNA 2.0 (Menlo Park, California) and subcloned directly into a modified pET28a vector
{Novagen) containing an in-frame N-terminal 10 His-tag followed by a Tobacco Etch Virus
{TEV} protease site. Protein was expressed in the E. coli strain BL21DE3 and purified as
follows. Typically, cells were lysed with a cooled cell disruptor (Constant Systems Ltd.) in 50
mi lysis buffer (PBS (pH 7.4) containing 20 mM imidazole) per liter of E. coli culture
supplemented with a Complete protease inhibitor cocktail tablet, EDTA-free (Roche, Burgess
Hill). Lysate was then clarified by high-speed centrifugation (60000 g, 30 minutes, 4°C). 4
ml/Ni-NTA beads (Qiagen) were added per 100 ml! cleared lysate and tumbled for 1 h at 4°C.
Beads were packed in a Tri-Corn column (GE Healtheare) attached to an AKTA FPLC (GE Life
Sciences) and protein eluted in a buffer containing 250 mM imidazole. Fractions containing
protein of 1interest as judged by 4-12% Bis/Tris NuPage (Life Technologies Ltd) gel
electrophoresis were dialyzed to remove imidazole and treated with TEV protease at a ratio of |
mg per 100 mg protein. After overnight incubation at 4°C the sample was re-passed over the
Ni/NTA beads in the Tri-Corn column. Untagged (i.e. TEV cleaved) aP2 protein did not bind to
the beads and was collected in the column flow through. The protein was concentrated, and
joaded onto an $75 26/60 gel filtration column (GE healthcare) pre-equilibrated tn PBS, 1 ;M
DTT. Peak fractions were pooled and concentrated to 5 mg/ml. Six ml of this protein was then
extracted and precipitated with acetonitrile at a ratio of 2:1 to remove any lipid. Following
centrifugation at 16000 g for 15mins the acetonitrile + buffer was removed for analysis of
original hipid content. The pellet of denatured protein was then resuspended in 6 ml of 6 M
GuHC! PBS + 2 pMoles palmitic acid (5:1 ratio of palmitic acid to aP2} and then dialyzed two
times against 5L PBS for 20hrs at 4oC to allow refolding. Following centrifugation to remove
precipitate {16000 g, 15 minutes) protein was gel filtered using a 875 26/20 column in PBS to

remove aggregate. Peak fractions were pooled and concentrated to 13 mg/mi.
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aP2 crystallography

Purified mouse aP2 was complexed with CA33 and H3 Fab (generated at UCB by
conventional methods) as follows. Complex was made by mixing 0.5 ml of aP2 at 13 mg/ml
with either 0.8 m} of CA33 Fab at 21 8 mg/ml or 1.26 mi of H3 Fab at 13.6 mg/ml (aP2:Fab
molar ratio of 1.2:1). Proteins were incubated at RT for 30 minutes then run on an 875 16/60 gel
filtration column (GE Healthcare) in 50 mM Tris pH7.2, 150 mM NaCl + 5% glycerol. Peak
fractions were pooled and concentrated to 10 mg/mi for crystallography.

Sitting-drop crystallization trials were set up using commercially available screening kits
{QIAGEN). Diffraction-quality crystals were obtained directly in primary crystallization
screening without any need to optimize crystallization conditions. For the aP2/CA33 complex
the well solution contained 0.1 M Hepes pH 7.5, 0.2 M (NH4pS0Oy, 16% PEG 4K and 10%
isopropanol. For the aP2/H3 complex the well solution contained 0.1 M MES pHS5.5, 015 M
{(NH4}pS80¢ and 24% PEG 4K, Data were collected at the Diamond Syunchrotron on 102
(3=0.97949) giving a 2.9 A dataset for aP2/CA33 and a 2.3 A dataset for aP2/H3. Structures
were determined by molecular replacement using Phaser (44) (CCP4) with AP2Z and a Fab
domain starting models. Two complexes were found to be in the asymmetric unit for aP2/CA33
and one for aP2/H3. Cycles of refinement and model building were performed using CNS
{Brunger et al, (2007) Nature Protocols 2, 2728-2733) and coot (Emsley et al., (2004} Acta
crystallographica. Section D, Biological crystallography 60, 2126-2132) (CCP4) until all the
refinement statistics converged for both models. Epitope information described above was
derived by considering atoms within 4A distance at the aP2/Fab contact surface. The data
collection and refinement statistics are shown below. Values in parenthesis refer to the high

resolution shell.
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Structore aP2-CA33 aP2-H3
Space group P12 1 P12l
Cell dimensions
@ b, c(A) 6527, 101.95,953 71.50, 66.04, 75.68
o, B,y (9 90.00, ¢0.03, 90.00 90.00, 111.67, 90.00
Resolution (A) 5497 ~2.95(3.09-295 33.03~223(2.37-2.23)
Roym OF Ryerge (.18 (1.169) (.11 (0.352)
fici 8329 6.8(1.7)
Completeness (%) 992 (98.9) 98.6 (98.4)
Redundancy 6.2(6.3) 2626
Refinement
Resolution (A) 5497-295 33.02-3.00
No. reflections 24898 13677
Rwork / Rﬁ'ee 0.21/0.28 0.22/0.27
No. atoms
Protein #8632 4331
Water 0 ¢
B-factors
abP2 (molecule 1) 383, (molecule 2) 64.6 7.3
Fab (molecule 1) 32.9, (molecule 2) 32.5 22,3
R.m.s. deviations
Bond lengths (A)  0.009 0.011
Bond angles (%) 1.42 1.67

Values in parenthesis refer to the high resolution shell.

Roym =21 (I~ <I>) | /2(1), where 1 is the observed integrated intensity, <I> is the average integrated inte nsity obtained
from nwlitiple measurements, and the summation is over all observed weflections. Ryex = % iFobsi -
kii’caici I/Z!FOBJ, where Fuye and #yy are the obscrved and calenlated structure factors, respectively. B 18
calculated as Ruwoa using 5% of the reflection data chosen randomly and omitted from the refinement calculations.
Epitope information was derived by considering atoms within 4A distance at the aP2/Fab contact surface.

Hyperinsulinemic-euglycemic clamp studies and hepatic biochemical assays

Hyperinsulinemic-euglycemic clamps were performed by a modification of a reported
procedure (Cao et al., (2013) Cell Metab. 17, 768-778). Specifically, mice were clamped after S
hours fasting and infused with 5 mU/kg/min insulin. Blood samples were collected at 10-min
intervals for the immediate measurement of plasma glucose concentration, and 25% glucose was
infused at variable rates to maintain plasma glucose at basal concentrations. Baseline whole-
body glucose disposal was estimated with a continuous infusion of [3-3H}-glucose
{0.05 uCi/min). This was followed by deterrination of insulin-stimulated whole-body glucose
disposal whereby {3-3H]-glucose was infused at 0.1 pCi/min.

Total lipids in liver were extracted according to the Bligh-Dyer protocol (Bligh et al,
(1959) Canadian J. Biochem. and Phys. 37, 911-917), and a colorimetric method used for

triglyceride content measurement by a commercial kit according to manufacturer’s instructions
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{Sigma Aldrich). Gluconeogenic enzyme Pckl activity was measured by a modification of
reported method (Petrescu et al, (1979) Analytical Biochem. 96, 279-281). Glucose-6-
phosphatase (Gopc) activity was measured by a modification of Sigma protocol [EC 3.1.3.91
Briefly, the livers were homogenized in lvsis buffer containing 250 mM sucrose, Tris HCI and
EDTA. Lysates were centrifuged at full speed for 15 min and the supernatant (predominantly
cytoplasm) isolated. Then microsomal fractions were isolated by ultracentrifugation of
cytoplasmic samples. Microsomal protein concentrations were measured by commercial BCA kit
{Thermo Scientific Pierce). 200 mM glucose-6-phosphate (Sigma Aldrich} was pre-incubated in
Bis-Tris. 150 ug microsomal protein or serial dilution of recombinant GOPase were added and
incubated in that solution for 20 min at 37°C. Then 20% TCA was added, mixed and incubated
for 5 min at room temperature. Samples were centrifuged at full speed at 4°C for 10 nun, and the
supernatant was transferred to a separate UV plate. Color reagent was added and absorbance at
660 nm was measured and normalized to standard curve prepared with serial dilution of

recombinant glucose-6-phosphatase (Gope) enzyme.

Plasma aP2, mall, FABP3, adiponectin, glucagon, and insulin ELISAs

Blood was collected from mice by tail bleeding after 6 hours daytime or 16 hours
overnight food withdrawal. Terminal blood samples were collected by cardiac puncture or
coliected from tail vein. The samples were spun in a microcentrifuge at 3,000 rpm for 15 minutes
at 4°C. Plasma aP2 (Biovendor R&D), mall {Circulex Mouse Mall ELISA, Cyclex Co., Ltd,
Japan}, FABP3 (Hycult Biotech, Plymouth Meeting, PA) glucagon, adiponectin (Quantikine
ELISA, R&D Systems, Minneapolis, MN), and insulin {(insulin-mouse ultrasensitive ELISA,
Alpco Diagnostics, Salem, NH) measurements were performed according to the manufacturer’s

instructions.

Quantitative real time PUR analysis

Tissues were collected after 6 hours daytime food withdrawal, imomediately frozen and
stored at -80°C. RNA isolation was performed using Trizol (lovitrogen, Carlsbad, CA)
according to the manufacturer’s protocol. For first strand ¢cDNA synthesis 0.5-1 ng RNA and 5x
iScript RT Supermix were used (BicRad Laboratortes, Herculus, CA). (Quantitative real time

PCR (Q-PCR) was performed using Power SYBR Green PCR master mix {Applied Biosystems,
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Life Technologies, Grand Island, NY) and samples were analyzed using a VitA7 PCR machine

{Applied Biosystems, Life Technologies, Grand Island, NY). Primers used for 3-PCR were as

follows:
: $’- cactggtetaggaccecgagaa-3’ Seq. ID No. 513; 5’-agggggeagatgttcageatgt-3’
36B4
Seq. [B No. 514
h G 5’-ggaggtggtgatag ceggtat-3" Seq. D No. 515; 57- tgggtaatccatagageccag-3'
FAS - -
Seq. ID No. 516
R 5’ -ttettgegatacactetggtee-3” Seq. 1D No. 517, 5°-cgggatteaatgtitctigicgt- 37 Seq.
SCD1
ID No. 518
Pekl 5’ -ctgeataacggictggactte-3” Seq. ID No. 519; 57-cageaactgeccgtactee-3’ Seq.
1D No. 520
. 57- cgactcgetatetecaagiga-3’ Seq. ID No. 521; 5 -gttgaaccagictecgacca-37 Seq.
Gope e
ID No. 522
ACCI S’-atgtctggettgeacctagta~-3” Seq. D No. 523; 5'-ccecaaagegagtaacaaattet -3

Seq. ID No. 524
TNF 57~ cectcacacteagateatetict-37 Seq. 1D No. 525; 57 -getacgacgtgggcta cag-3’
Seq. ID No. 526

-1 5’ -gcaactgticctgaacteaact- 37 Seq. ID No. 527, 57-atctittgggetecgtcaact-37 Seq.
3 No. 528

1L-6 5’-acaacc acggecttcectactt-37 Seq. [ No. 529; 57~ cacgatttcccagagaacatgtg-3’
Seq. ID No. 530

CCL2 5’- catccacgtgtiggetea-3” Seq. ID No. 531, 5°- gatcatctigetggtgaatgagt-3~ Seq.
D No. 532

CXCL1 |57- gactccagecacactecaac-3” Seq. 1D No. 533 57- tgacagegeagetcattg-37 Seq.
1D No. 534

F4/80 5" — tgactcacctigtggtectaa — 37 Seq. 12 No. 535, 57 - cticccagaatccagtctttee - 37

Seq. ID No. 536

Chog 57~ tgtetgatettgetaggaccg-37 Seq. 1D No. 537, 57- gagagtaacggecttttigiga ~ 37
Seq. ID No. 538

TBP S' - agaacaatccagactageagea ~ 3' Seq. ID No. 539; §'- gegaacticacatcacagete - 3
Seq. [D No. 546

5 Statistical analysis
Results are presented as the mean + SEM.  Statistical significance was determined by
repeated measures ANOVA or student’s t test. * denotes significance at p<0.05, **denotes

significance at p<0.01.
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Anti-aP2 monocional antibody development and screening

Obesity 1s associated with increased levels of circulating aP2, which countributes to the
elevation of hepatic glucose production and reduced peripheral glucose disposal and insulin
resistance, characteristics of type 2 diabetes. Therefore, neutralizing serum aP2 represents an
effictent approach to treat diabetes and possibly other metabolic diseases.

Mouse and rabbit-mouse hybrid monoclonal antibodies raised against the human and
mouse aP2 peptides were produced and screened  Assessment of binding affinity by
biomolecular interaction analysis using a Biacore system demonstrated a wide range of atfinities
for these antibodies, from the micromolar to the low nanomolar range (Figure 1A}, As an initial
test for the potential effects of these antibodies in vivo, the antibodies were administered
subcutaneously for 4 weeks to mice with high fat diet (HFD}-induced obesity (Figure 1B). The
HFD-feeding resulted in a rise in serum insulin levels during the experiment, an effect that was
blunted by treatment with the mouse antibody H3 and reversed by the hybrid antibody CA33, but
unaltered by the other three hybrid antibodies tested (Figure 1C).  Interestingly, CA33 also
significantly decreased fasting blood glicose (Figure 1D), while the other antibodies tested did
not improve glycemia, indicating that CA33 reduced insulin resistance associated with HFD and
improved glucose metabolism. The systemic improvement in glucose metabolism was further
verified using a ghucose tolerance test (GTT). CA33 therapy resulted 1n significantly improved
glucose tolerance (Figure 1E}, while the other antibodies did not improve glucose tolerance and
glucose disposal curves were not different compared to vehicle (Figure 7A). Furthermore, only
CA33 treatment markedly improved insulin sensitivity as demonstrated in insulin tolerance tests,
while other antibodies tested were similar to vehicle (Figure 1F, Figure 7B). There was a
moderate reduction in weight gain in all but one of the antibody-treated groups (CA15) (Figure
1), although this did not correlate with improvement in glucose metabolism. Taken together,

these results demonstrated that CA33 uniquely possessed anti-diabetic properties.

CA33 is a low-affinity antibody that neutralizes aP2

CA33 was further characterized to betier understand its unique therapeutic properties. In
an octet-binding assay, all of the antibodies tested demonstrated saturable binding to aP2Z. There
was a measurable but low interaction with the related protein FABP3 (~25% of the aP2/FABP4

interaction), and only minor interaction with Mall/FABPS that was similar to control IgG
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{Figure 2A). Interestingly, we also found that the improvement in glucose homeostasis in CA33-
treated mice was related to a unique effect of this antibody on circulating aP2 levels. After 4
weeks of treatment, CA33 treated mice maintained circulating aP2 levels at a level similar to or
slightly lower than that seen in control-treated animals, while all other antibodies including H3
resulted in a dramatic 10-fold tncrease in circulating aP2 levels (Figure 2B). Indeed, circulating
aP2 was undetectable by western blot in both control and CA-33-treated mice, but robustly
evident in serum following H3 treatment (Figure 2B, tnset).

In cross blocking experiments to begin characterizing the target sites, we found that
CA33 partially blocked binding of the ineffective mouse antibody H3 to aP2, while H3 binding
was completely blocked by the hybrid antibodies CA13 and CA1S (Figure 2C). These data
suggest that the epitope recognized by CA33 only partially overlaps with that recognized by H3.
In further analysis, epitope identification based on hydrogen-deutertum exchange mass
spectrometry experiments, tor example, as described by Pandit et al. (2012) J. Mol. Recognit.
Mar;25(3):114-24 (incorporated herein by reference), indicated interaction of CA33 with first
alpha helix and the first beta sheet of aPZ on residues 9-17, 20-28 and 118-132, which partially
overlapped with the epitope identified for H3 (Figure 2D). To understand these epitopes
precisely, we then co-crystalized the Fab fragments of CA33 and H3 with aP2 (Figure 2E).
Analyses of the crystals showed that CA33 binds an epitope spread out over the secondary
structure elements betal and betalC and the random coil regions linking alpha2 to betaZ and
beta3 to betad, and includes the aP2 amino acids 57T, 38K, 11L, 12V, 10K and 130E (Figure
2F). Despite the partial blocking of H3 by CA33, we observed that there is in fact no direct
overlap of their epitopes. Instead, the significant movement of the region around aP2 Phe58 may
partially block binding of one antibody by the other in the competition experiments. In addition,
the fow affinity of the CA33 Fab can be explained by the crystal structure. Unusually, only one
amino acid in the heavy chain of CA33 makes a contact with aP2, and the majonity of the
contacts are through the light chain (Figure 2E, ¥). In contrast, H3-aP2 contact is more
conventional, with both Fab chains interacting with aP2. The structure also shows that CA33
does not bind to the ‘hid” of the P-barrel (148 to 37A), which has been postulated to control
access of lipids to the binding pocket or the ‘hinge’ which contains E15, N16, and F17. In
addition, it was found that lipid binding {(paranaric acid} to aP2 was not substantially altered by

the presence of CA33 (Figure 2G). H3 does bind directly to the ‘lid’ but has limited activity.
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Binding of CA33 to lipid-bound aP2 or lipid-free aP2 was also examined using biochemical
analysis (Biacore). As seen in Figures 2H and 21, CA33 binds to both lipid-bound aP2 and lipid-

free aP2 with the following affinities:

Mouse aP2 KD

Lipid-loaded | 9.3 uM

De-lipidated | 4.7 uM

Cumulatively, these results suggest that CA33 activity may be independent of aP2 lipid binding.

Given the relatively fow affinity of CA33 for aP2, off-target effects were examined. The
etfect of CA33 treatment in aP2-/- mice fed a HFD were tested. In these experiments, antibody
therapy failed to induce any change 1o weight or fasting glucose 1n this model (Figure 3A, 3B).
Furthermore, CA33 did not affect glucose tolerance in obese aP2-/- mice (Figure 3C), clearly
demonstrating that the antibody’s effects are due to targeting aP2.

Finally, the effect of CA33 in a second model of severe genetic obesity and insulin
resistance using leptin-deficient ob/ob mice was examined. Over the course of 3 weeks of
treatment, both the CA33 and vehicle-treated groups gained weight but the extent was less in the
CA33-treated group (Figure 3D}, Strikingly, hyperglveemia in the ob/ob mice was normalized
in CA33-treated roice compared to controls (Figure 3E). The extent of hyperinsulinemia was
also partially reduced in the CA33-treated animals (Figure 3F) Normal glucose and lower
insulin levels suggest improved glucose metabolism upon neutralization of aP2.  Indeed,
following administration of exogenous glucose, CA33 treated ob/ob mice also exhibited
significantly improved glucose tolerance compared to vehicle treated mice despite the presence
of massive obesity (Figure 3(). These data underscore the broad applicability of aP2
neutralization to metabolic disease in independent preclinical models and are consistent with the

results obtained in the context of dietary and genetic obesity.

CA33 treatment improves lipid metabolism and inhibits hepatosteatosis in obese mice
Having identified and physically characterized a candidate monoclonal antibody that

could generate metabolic benefits, detailed functional studies in the HFD model were performed.

To further explore the metabolic effects of CA33 treatment, we treated HFD-induced obese mice

with CA33 or vehicle for five weeks and examined the effects on liver. As expected, long term
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high fat feeding induced steatosis and triglyceride accumulation in vehicle-treated mice,
however, these effects were significantly ameliorated by CA33 treatment (Figure 4A, B). In
addition, the improvement in liver lipid homeostasis was accompanied by reduced hepatic
expression of key genes involved in de novo lipogenesis (Figure 4C). Similar to genetic aP2
deficiency, CA33 treated mice had moderately higher plasma free fatty acid levels (Figure 413)
and lower glycerol levels (Figure 4E). Total cholesterol levels were also lower in CA33 treated
group (Figure 4F), although there was no significant difference 1o plasma triglycerides (Figure
4G} Notably, although complete whole body genetic aP2 deficiency is associated with a
substantial upregulation of tissue mall (FABP5/Mall) expression, significant changes in
circulating mall levels upon CA33 treatment indicating lack of compensatory changes were not
detected (Figure 4H). In addition, CA33 treatment did not significantly alter the circulating

There was also no alteration in the serum levels of

levels of FABP3 protein (Figure 4H).

glucagon or adiponectin in CA33 treated mice (Figure 41-J).

Effects of CA33 treatment on adipose tissue and bedy compesition

The impact of CA33 treatment on adipose tissue and body composition was also
examined. Dual-energy X-ray absorptiometry (DEXA) scans showed that CA33-treatment
significantly reduced tat mass (Figure 5A); while lean mass was also shightly reduced, this hikely
reflects the reduced lipid accumulation in solid organs, especially liver (Figure 4A, B). Indeed,
CA33 treatment significantly decreased liver weight, and this reduction remained significant
when expressed as percentage of body weight (Figure 5SB). The decrease in body weight in
CA33-treated obese mice is reminiscent of the phenotype of mice with aP2-deficiency and
combined aP2/mall-deficiency on HFD, and raised the possibility that the antibody therapy
directly altered metabolic parameters. In metabolic cage analysis, physical activity, food intake,

and heat production were similar in vehicle and antibody-treated mice (Figure 5C, D).

CA33 may increase fatty acid oxidation

For additional metabolic measurements, obese mice fed a HFD were placed in an indirect
open circuit calorimeter (Oxymax System, Columbus Instruments). Oxygen and carbon dioxide
concentrations by volume were monitored at the inlet and outlet parts of a partially sealed

chamber, through which a known flow of ambient air was forcibly ventilated. The concentration
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difference measured between the parts was used to compute oxygen consumption {VO2) and
carbon dioade production (VCO2), and to calculate respiratory exchange rate (VCO2/V02). In
metabolic cage analysts, obese mice who were fed HFD and treated with CA33 for eight weeks
showed increased VO2 utilization compared to vehicle treated mice (Figure 5E), resulting in a
resptratory exchange ratio (RER) closer to 0.7 (Figure 5F), suggesting that the antibody
increased lipid utilization.

Histological analysis revealed that, as expected, prolonged HFD-feeding resulted in
abundant lipid accumulation in brown adipose tissue (BAT). However, treatment with CA33
resulted in a significant decrease in BAT tissue weight and dramatically decreased lipid droplet
size (Figure 5G, 5H).

In general, adipose tissue depots appeared similar between antibody-treated and control
groups, although there was a significant decrease in the size of the perigonadal fat pad (PGWAT,
Figure 5I). Analysis of H&E stained sections of PGWAT revealed a similar degree of
inflammatory cell infiltration in CA33 and vehicle-treated mice. (Figure 5J). Indeed, the
infiltration of F4/80 and CD11b positive myeloid cells in adipose tissue preparations by FACS
analysis indicated a similar number of these immune cells between the groups (Figure SK, L). In
addition, there was no change observed in the expression of the inflammatory markers TNF, 1L-
1B, CCL2, CXCL1, F4/80 or CD68 in perigonadal white adipose tissue (PG-WAT) isolated from
CA33-treated mice and only a modest increase in IL-0 mRNA levels (Figure SM). Adipose
tissue aPZ protein levels showed a slight increase upon antibody treatment (Figure 5N and Figure
5P), and we did not cobserve compensatory regulation of mall (Figure 50 and Figure 5P},
suggesting that neutralizing circulating aP2 in adult mice does not result in molecular

compensation by other FABP isoforms, and in this way differs from genetic deficiency.

CA33 decreases liver glucose production and increases peripheral insulin sensitivity
Hepatic glucose production and peripheral glucose utilization are both critical in the
maintenance of normoglycemia and adaptation to feeding and fasting responses. Recent studies
demonstrated that hepatic glucose production and liver gluconeogenic activity were regulated by
aP2 (Cao et al, (2013) Cell Metab. 17, 768-778), and suggested that this response, alone or in
combination with peripheral effects, may be critical in mediating the anti-diabetic effect of aP2

blockade. To determine whether this underlies the therapeutic properties of CA33, livers from
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HFD-fed mice after 5 weeks of CA33 or vehicle treatment were collected. A marked reduction in
expression of gluconeogenic genes phosphoenolpyruvate carboxykinase 1 (Pckl) and glucose-6-
phosphatase {G6pc) in samples from the CA33-treated obese mice was observed (Figure 6A). In
addition, the enzymatic activities of cytoplasmic PCK1 and microsomal glucose-6-phosphatase
were significantly reduced in samples from CA33-treated mice (Figure 68, C). These findings
were consistent with earlier studies of aPZ2 function on hiver (Cao et al., (2013) Cell Metab. 17,
T6R-778).

Next whole body glucose fluxes by hyperinsulinemic-euglycemic clamp studies were
examined (Figure 6D3) For these experiments ruice were kept on HFD for 20 weeks prior to
antibody treatment, and clamp studies were performed after 5 weeks of antibody intervention.
During the clamp study, CA33 treated obese mice required significantly higher glucose infusion
rates to maintain euglycemia (Figure 6E} and showed decreased clamp hepatic glucose
production (Figure OF} as well as a non-significant trend towards a decrease basal hepatic
glucose production (Figure 8A, p=0.07). CA33 treatment also significantly increased whole
body clamp glucose disposal rates (RD) (Figure 0G), although plasma insulin levels were
decreased compared to controls despite equivalent insulin infusion (S mU/kg/min) (Figure 8B).
Taken together, these data indicate that CA33 also increased whole body systemic insulin
sensitivity and increased insulin-stimulated glucose utilization. To further assess glucose
utilization, we collected peripheral tissues after the clamp experiment and performed a 14C 2-
deoxyglucose uptake assay. Insulin stimulated glucose uptake was significantly higher in muscle
tissue isolated from CA33-treated obese mice (Figure 4H), and there was a trend towards an
increase in glucose uptake in perigonadal white adipose tissue (PGWAT) (Figure 8C, p=0.1).
Furthermore, whole body glycolysts, measured as the rate of increase in plasma [3H0] as a
byproduct of glycolysis, was also increased by CA33 treatment (Figure 61}, These data support
the conclusion that the glucose-lowering effect of CA33 occurs predominantly through
decreasing glucose production in liver and increasing glucose utilization in peripheral tissues

such as muscle.
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Example 2. Anti-aP2 monoclonal antibody (CA33) {or the treatment of Type 1 diabetes
CA33 treatment is protective against hypergiyveemia and mortality in the NOD mouse
model of type 1 diabetes

A model of Type 1 diabetes (T1D) in which diabetes onset is spontaneous, the NOD
mouse {S. Makino, K. Kunimoto, Y. Murakoea, Y. Mizushima, K. Katagiri, Y. Tochino. Breeding
of a non-obese, diabetic strain of mice. Jikken-dobutsu, Experimental animals 29, 1-13 (1980)),
was used to examine the effects of CA33 treatment on diabetes incidence and mortality. Animal
care and experimental procedures were performed with approval from animal care committees of
Harvard University. Eight-week old temale NOD mice were injected subcutaneously with etther
vehicle or CA33. For the first 6 weeks of treatment the CA33 treated mice were injected with
Img/injection, which corresponds to ~45mg/kg dose, twice weekly. Starting at the seventh week
of the study CA33 treated mice were injected with a 30 mg/kg dose of CA33 twice weekly. Six
hour fasting blood glucose was measured weekly. Incidence of diabetes was defined as 2
consecutive weeks of 6 hour fasting blood glucose >200mg/dL.

As seen in Figure 9, treatment of NOD mice with anti-aP2 monocional antibody (CA33)
was protective against the development of hyperglycernia. As a result, treatment with CA33 also
reduced the mortality rate of NOD mice in this experiment (Figure 10A). Furthermore, treatment
of NOD mice with anti-aP2 antibody from 10 weeks of age for 22 weeks (until 32 weeks of age)
reduced fasting glveemia (6 hr fasty at 11, 12, and 15 weeks of treatment (Figure 10B)} and
reduced fasting insulin levels {6 hr fast) at 16 weeks of treatment (Figure 10C), as compared to

vehicle-treated NOD mice.

aP2 deficiency resulis in improved glucose tolerance in NOD mice due to enhanced insulin
secretion and expanded beta-cell mass

It has previously been reported that blocking aP2 function via genetic deletion, small
molecule inhibition or antibody-mediated neutralization is protective in mouse models of
obesity-induced glucose intolerance (Hotamisligil et al, 2006; Uysal et al., 1996; Furubashi et al.,
2007, Cao et al., 2013; Burak et al , 2015). aP2 deletion was explored to see if it would simtilarly
confer improvements in glucose homeostasis in lean NOD mice. Indeed, NOD aP2” mice
displayed significantly improved glucose tolerance compared to aP2™" controls both at weaning

(data not shown) and at 7-8 weeks of age (Figure 11A) Notably, this etfect on glucose
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homeostasis was lost by the time mice reached 11 weeks of age, in line with the predicted onset
of insulitis 1 this model.

In the setting of obesity, blocking aP2 is associated with improved insulin sensitivity.
However, altered insulin sensitivity in lean NOD aP2” mice compared to controls was not
observed (Figure 11B). This raised the possibility that improved glucose tolerance in NOD aP2™"
mice was related to a beta-cell intrinsic effect of aP2 deficiency. To evaluate the effect of aP2
genetic deletion on beta cell function, islets were isolated from NOD aP2"" and NOD aP2” mice
at4, 7, and 12 weeks of age. At baseline, genotype was not associated with differences in insulin
secretion. However, upon stimulation with high glucose, aP2™" islets secreted significantly more
insulin per cell than aP2™" controls {Figure 12A). Interestingly, this enhanced insulin secretion
began to decline with age (Figure 12B and Figure 12C), and significant insulin secretion
differences in islets isolated from 19 week old mice was not observed (data not shown). This is
in line with the finding of a transient improvement in glucose tolerance in young NOD aP2”
mice, and suggests that before the onset of insulitis, enhanced beta cell responsiveness at least in
part underlies the glucose homeostasis phenotype in NOD aP2” mice.

Improved glucose control observed in the setting of aP2 deficiency was also related to
changes in beta cell mass. Remarkably, during pancreatic dissection more islets were visible in
NOD aP2" mice than in aP2™" controls (Figure 13). This observation was further validated by
quantifying beta-cell mass in NOD aP2” mice and controls. In 7-week old animals, aP2
deficiency was associated with a significant (~35%) increase in beta-cell mass (Figures 14A and

14B),

Hormonal aP2 amplifies glucose-stimulated insulin secretion

Given the recent discovery that aP2 is an actively secreted hormone and the finding that
antibody-mediated aP2 neutralization 1s protective in models of Type 1 Diabetes, the circulating
form of aP2 was further explored to try and understand whether this molecule acts directly on
beta cells to regulate their function, survival, or proliferation. While addition of aP2 to primary
islets under control, nutrient-abundant conditions had no effect on glucose-stimulated insulin
secretion {GSIS) (Figure 1SA, Figure 15B, and Figure 15C), under starvation conditions {i.e,
conditions where FOXO1 1s activated), addition of aP2 acts to potentiate GSIS (Figure 15E and

Figure 15F) A Western blot was run to confirm that aP2 is in fact taken up into mouse islets
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after 20 munutes of treatment with 10 ug/ml aP2 (Figure 15D). This potentiation of glucose-
responsive insulin secretion following prolonged starvation may be associated with increased
stress-resistance in response to nutrient depletion. While this may be acutely beneficial, chronic
activation of FOXO1 has been shown to be deleterious to beta cell function, resulting in loss of
insulin expression, impaired GSIS, beta cell deditferentiation, and increased susceptibility to
apoptosis due to loss of PDX1 activity. Thus in the context of T1D, chronic activation of beta
cell FOXO1 may increase susceptibility to immune destruction and accelerate diseases

development.

Monoclenal antibedy targeting aP2 (CA33) is effective in reducing the incidence of diabetes
in the RIP-LUCMV-GP mouse model of type 1 diabetes

MNeutralization of secreted aP2 provided beneficial effects in Type 1 diabetes, also
referred 1o as juvenile diabetes. Monoclonal antibody targeting of aP2 with CA33 was effective
in reducing the incidence of diabetes in an art-recognized rat insulin promoter—lymphocytic
choriomeningitis vitus—glycoprotein (RIP-LCMYV-GP) model of type 1 diabetes.

The RIP-LCMV-GP mouse model of type 1 diabetes is characterized by high penetrance
and rapid onset of diabetes due to virally mediated B-cell destruction (Figure 16} (Oldstone et al .,
{1991} Cell 65:319-331). The RIP-LCMV-GP mice were a gift from K. Bornfeldt’s laboratory at
Washington University in Seattle. The genetic backgrounds of all intercrossed mouse models
were verified by congenic genotyping (288 loci for CSTBL/6) with an ABI 3130 analyzer. In the
RIP-LCMV-GP model, diabetes was induced with the administration of LCMV (2 x 10°
PFU/ml). Animal care and experimental procedures were performed with approval from animal
care committees of Harvard University.

The experiment was performed on three groups of mice (Figure 17). Group A consisted
of & RIP-LCMV-GP (GP+) mice that were injected intraperitoneally with vehicle (PBS) twice
weekly starting at Day -14. Group B consisted of 8 RIP-LCMV-GP (GP+) mice that were
injected intraperitoneally with CA33 at a dose of 1.5 mg/injection twice weekly starting at Day -
4. Group C consisted of 8 RIP-LCMV-GP (GP+), aP2-/- mice that were injected

intraperitoneally with vehicle twice weekly starting at Day -14. At Day 0, diabetes was induced

169



N

10

20

30

WO 2016/176656 PCT/US2016/030303

with the administration of LCMV (2 x 10° PFU/ml). Treatment with vehicle or CA33 was

continued for two weeks after adroinistration of LCMV (Figure 17).

Six-hour fasted blood glucose levels were measured periodically, and the onset of
diabetes was defined as a 6-hour fasting blood glucose above 250 mg/dl.. GP+ vehicle-treated
animals showed a significant rise in fasting blood glucose levels (Figure 18) and a greater than
75% incidence of diabetes within 14 days from LCMV treatment (Figure 19}, GP+, aP2-/- mice
showed overall, significantly lower blood glucose levels than GP+ vehicle treated mice after
LCMY treatment (Figure 18). GP+, aP2-/- mice also experienced a much lower incidence of
diabetes than the GP+ vehicle treated mice, 15% vs. 75% incidence (Figure 19). Monoclonal
antibody treated GP+ mice showed significantly lower blood glucose levels than the vehicle
treated control mice (Figure 18) and incidence of diabetic phenotype was not observed in the
monoctonal antibody treated group (Figure 19).

These results demonstrate that reduction in aP2 levels etther through genetic deficiency
or by monoclonal antibody neutralization has a strong anti-diabetic effect in this virally induced

model of Type 1 diabetes.

Monoclonal antibody targeting aP2 {CA33) is effective in reducing inflammation in the
RIP-LCMVY-GP mouse model of type 1 diabetes

The RIP-LCMV-GP mouse model of type 1 diabetes is described above. Inflammation
was exanmined by determining insulitis levels in three groups of mice. Group A consisted of 8
RIP-LCMV-GP (GP+) mice that were injected intraperitoneally with vehicle (PBS) twice weekly
starting at Day -14. Group B consisted of 8 RIP-LCMV-GP (GP+) mice that were injected
intraperitoneally with CA33 at a dose of 1.5 mg/injection twice weekly starting at Day -14.
Group C consisted of 8 RIP-LCMV-GP (GP+), aP2-/- mice that were injected intraperitoneally
with vehicle twice weekly starting at Day -14. At Day 0, diabetes was induced with the
administration of LCMV (2 x 10’ PFU/ml). Treatment with vehicle or CA33 continued for two
weeks after administration of LCMYV,

Insulitis scoring was performed on hematoxylin and eosin (H&E) stained pancreatic

(L] (1]

sections. Each islet is scored as either "non-insulitis," "peri-insulitis,” "mild insulitis” or "severe
insulitis.” The bar graph represents the percentage of each islet type in each animal analyzed

{(Figure 20A).
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For antibody staining, pancreata from RIP-LCMV-GP mice were formalin-fixed and
paraffin-embedded. Then, S-pm serial sections of the pancreata were generated, and staining was
performed with antibodies against insulin (Linco), ATF6 (Santa Cruz Biotechnology}; phospho-
elF2a (Biosource), sXBP1 (in house) and Alexa Fluor 488 and Alexa Fluor 568 {(Invitrogen)
according to established protocols.

After staining, image analysis was performed by using custom software developed in
MATLAB (The MathWorks Inc.) Briefly, islet regions were identified as contiguous areas
{connected pixels} of insulin staining {green channel} at or above a threshold intensity value
optimized across multiple images. Mean fluorescence intensity for insulin {green channel) and
for etther sXBP1 or ATF6 (red channel} was calculated as the sum of intensities for all pixels
divided by the number of pixels within the islet.

As shown in Figure 20A, GP+ vehicle-treated antmals showed high levels inflammation
with most islets showing either mild or severe insulitis. GP+, aP2-/- mice showed decreased
fevels of inflammation with most islets showing mild insubitis (Figure 20A and 20D).
Monoclonal antibody (CA33} treated GP+ mice also showed decreased levels of inflammation
with decreased nurabers of islets showing severe insulitis (Figure 20A and 20E).

As shown in the images in Figure 214, islet morphology and endoplasmic reticulum (ER)
adaptive capacity was preserved in aP2 deficient and CA33-treated RIP-LCMV-GP mice, as
shown by the increased levels of ATFO and sXBP1 staining. ATF6 levels were significantly
increased in both the GP+, aP2-/- mice and the monoclonal antibody (CA33) treated GP+ mice
(Figure 21B). In addition, sXBP1 levels were also significantly increased in both the GP+, aP2-
/- mice and the monoclonal antibody (CA33) treated GP+ mice (Figure 21C).

These results demonstrate that reduction in aP2 activity levels either through genetic
deficiency or by monocclonal antibody neutralization reduces inflammation and preserves islet

morphology in this virally induced model of Type 1 diabetes.

Example 3: Anti-aP2 monoclonal antibody for the treatment, reduction or prevention of
atherosclerosis
Amnimals

Animal care and experimental procedures were performed with approval from animal

care committees of Harvard University. Male ApoE~/- mice in the C57BL/6J background
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{Jackson Laboratory} were kept on a 12-h light cycle and were fed a high-cholesterol atherogenic
western diet (D120798: 21% fat, 0.21% cholesterol; Research Diets) ad libitum, beginning at 4—
5 weeks of age. The mice were treated by subcutaneous administration of vehicle or antibody (33

mg/kg) for 12 weeks starting at 6-weeks of age.

Assessment of atherosclerotic lesions

Mice were sacrificed and flushed with saline and then 10% neutral buffered formalin
solution by injection through the left ventricle. The aorta was dissected from the proximal aorta
to the iliac biturcation, and the aortae were pinned out in an en face preparation. En face pinned-
out aortas were stained with Sudan IV.

Cuantitation of lesion areas was achieved using ImageJ software developed at the NIH.
The outer perumeter of the pinned out aorta was defined in the software to establish the total area
of the aorta as a white background. The percent area of the lesions stained red with Sudan IV
was then measured and calculated by the software.

As shown in Figure 22B, ApoE knockout mice treated with CA33 had decreased
atherosclerotic lesion area. In contrast, ApoE knockout mice treated with CA15 showed no
significant difference in atherosclerctic lesion area compared to controls. Representative images
of en face pinned aortas from an ApoE knockout mice are shown in Figure 22C (vehicle-treated
mice}, Figure 22D (CA33-treated mice}, and Figure 22E (CA15-treated mice).

The deletion efficiency of mice that aPZ2 is specifically knocked out with the lox-P system
in adipose tissue (@P2°% mice) was analyzed by western blot (Figure 22G). aP2%%" mice
were crossed to ApoE”" mice to generate ApoE”aP2*" mice. ApoEaP2?** and Apok”
alP 254 mice fed western diet for 12 weeks were analyzed for serum aP2, TG, and cholesterol
levels (Figure 22H, Figure 221, and Figure 22§). As shown in Figure 221 and Figure 22J, ApoE™"

/4

aP2*¥+ mice had lower triglyceride and cholesterol levels compared to ApoE”aP24%** mice.
After sacrifice of these mice, atherosclerotic lesion area was analyzed by Sudan IV staining of en
face aorta from these mice (Figure 22K and Figure 22L). As shown in Figure 22K, 4poE”"
Overall, these results show that adipose tissue derived aP2 regulates dyslipidemia and

atherosclerosis development in ApoE™ mice.
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Body Weight and Liver Weight

ApoE knockout mice were fed on western diet beginning at 4-5 weeks of age until mice
were 18 weeks old. The mice were treated by subcutanecus administration of vehicle or
antibody (33 mg/kg) for 12 weeks starting at 6-weeks of age. Body weight, lean mass, and fat
mass were measured by dual X-ray absorbance (BXA) spectroscopy.

As shown in Figure 23A, ApoE knockout mice treated with CA33 antibody showed a
significant decrease in body weight. In addition, ApoE knockout mice treated with CA33 also
showed a significant decrease in liver weight (Figure 23B}. In contrast, ApoE knockout mice
treated with CA1S did not show any significant differences in body weight or liver weight
{Figure 23A, 238, and 23C).

As shown in Figure 23D, ApoE knockout mice treated with CA33 antibody did not reveal
any significant decreases in lean mass or fat mass. In addition, ApoE knockout mice treated with

CAL1S antibody did not show any significant differences in lean mass or fat mass (Figure 23D).

Glucose tolerance test

The glucose tolerance test was performed by oral glucose administration (1.0 g/kg) on
conscious mice after an overnight {16 h} fast. Particle size distribution of the lipoproteins was
determined by fast~-performance liquid chromatography (FPLC), using pooled samples of plasma
after 6 or 12 weeks of vehicle or antibody treatment (33 mg/kg).

As shown in Figure 24A, CA33 treated mice have a statistically significant lower fasting
biood glucose than vehicle treated mice. However, CA33 treated mice did not show any

difference in response to glucose in the glucose tolerance test (GTT) (Figure 24B).

Measurement of cholestero! and triglycerides in lipoprotein fractions

Cholesterol and triglycendes were measured in Hpoprotein fractions (total lipoprotein,
very low-density lipoprotein (VLDL), low-density lipoprotein (LDL), or high-density lipoprotein
(HDL)) 1n ApoE knockout mice treated with PBS, CA33 (33 rug/kg), or CALS (33 mg/kg) for six
weeks or twelve weeks. Particle size distribution of the lipoproteins was determined by fast-
performance liquid chromatography (FPLC), using pooled samples of plasma.

As shown in Figure 25A, ApoE knockout mice treated with CA33 for six weeks showed

significant decreases in cholesterol levels in total lipoprotein, very low-density lipoprotein
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{VLDL), low-density lipoprotein (LDL), and high-density lipoprotein (HDL). In addition, ApoE
knockout mice treated with CA33 for twelve weeks showed significant decreases in cholesterol
fevels in total lipoprotein, very low-density Hipoprotein {(VLDL), low-density lipoprotein (LDL},
and high-density lipoprotein (HDL) (Figure 25B). Treatment of ApoE knockout mice with CA1S
for six weeks did not yield any significant differences in cholesterol levels (Figure 25A), while
treatment of ApoE knockout mice with CALS for twelve weeks led to smaller decreases in
cholesterol in total lipoprotein, low-density lipoprotein (LDL), and high-density lipoprotein
(HDL), when compared to CA33-treated animals (Figure 258}

As shown in Figure 26A, ApoE knockout mice treated with CA33 for six weeks showed
significant decreases in triglyceride levels in total lipoprotein and very low-density lipoprotein
(VLDL). In addition, ApoE knockout mice treated with CA33 for twelve weeks showed
significant decreases in triglyceride levels in total lipoprotein, very low-density lipoprotetn
(VLDL), low-density lipoprotein (LDL), and high-density hpoprotein (HDL) (Figure 26B). In
contrast, treatment of ApoE knockout mice with CA15 for six weeks or twelve weeks did not
vield any significant differences in triglyceride levels (Figure 20A and 26B), as compared to

control animals treated with PBS.

Example 4: Humanization of CA33

Rabbit Antibody 909 (CA33}) was humanised by gratting the CDRs from the rabbit
CDR/mouse framework hybrid antibody V-region CDRs onto human germline antibody V-
region frameworks. In order to recover the activity of the antibody, a number of framework
residues from the rabbit/mouse hybrid V-region were also retained in the humanized sequence.
These residues were selected using the protocol outlined by Adair et al. {1991} (Humanised
antibodies. W(091/09967). Alignments of the rabbit/mouse hybrid antibody (donor) V-region
sequences with the human germiine {acceptor) V-region sequences are shown in Figure 27 (VL)
and Figure 28 (VH), together with the designed humanized sequences. The CDRs grafted from
the donor to the acceptor sequence are as defined by Kabat (Kabat et al., 1987), with the
exception of CDRH1 where the combined Chothia/Kabat definition is used (see Adair et al.,
1991 Humanised antibodies. W(91/09967).

Genes encoding a number of variant heavy and light chain V-region sequences were

designed and constructed by an automated synthesis approach by DNA 2.0 Inc. Further variants
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of both heavy and light chain V-regions were created by modifying the VH and VK genes by
oligonucleotide-directed mutagenesis, including, in some cases, mutations within CDRs to
modify potential aspartic acid isomerisation sites or remove unpaired Cysteine residues. These
genes were cloned into vectors to enable expression of humanized 909 IgG4P (human IgG4
containing the hinge stabilising mutation $S241P, Angal et al., Mol Immunol. 1993, 30(1):105-8)
antibodies in mammalian cells. The variant humanized antibody chains, and combinations
thereof, were expressed and assessed for their potency relative to the parent antibody, their
biophysical properties and suitability for downstream processing, leading to the selection of
heavy and hight chain grafts shown in Figures 24 and 25.

Human V-region IGKV1-17 (A30) plus JK4 J-region was chosen as the acceptor for
antibody 909 hight chain CDRs. The light chain tramework residues in grafts gh.1 {(Seq. ID No.
446), gl 10 (Seq. 1D No. 448}, gl.54 (Seq. IID No. 450} and gL.55 (Seq. 1D No. 452) are all from
the human germline gene, with the exception of residues 2, 3, 63 and 70 (Kabat numbering),
where the donor restdues Valine (2V), Valine (3V}), Lysine (63K) and Aspartic acid {70D) were
retained, respectively. Retention of residues 2, 3, 63 and 70 was essential for full potency of the
humanized antibody. Residue 90 in CDRL3 of the gl.10 graft, gl.54 graft, and gl.SS graft was
mutated from a Cysteine (90C) to a Serine (908}, Glutamine (90(}), and Histidine (H90) residue,
respectively, thus removing the unpaired Cysteine residue from the gl10, ¢l.54, and ¢L.SS
sequence.

Human V-region IGHV4-4 plus JH4 J-region was chosen as the acceptor for the heavy
chain CDRs of antibody 909, In common with many rabbit antibodies, the VH gene of antibody
909 1s shorter than the selected human acceptor. When aligned with the human acceptor
sequence, framework 1 of the VH region from antibody 909 (Seq. ID No. 454) lacks the N-
terminal residue, which is retained in the humanised antibody (Figure 28). Framework 3 of the
909 rabbit VH region also lacks two residues (75 and 76) in the loop between beta sheet strands
D and E: in graft gH1 (Seq. ID No. 455) the gap in framework 3 is conserved, whilst in graft
gH14 (Seq. ID No. 457), gH15 (Seq. ID No. 459), gH61 (Seq. ID No. 461), and gHo62 (Seq. 1D
No. 463) the gap is filled with the corresponding residues (Lysine 75, 75K, Asparagine 76, 70N)
from the selected human acceptor sequence (Figure 28). The heavy chain framework residues in
grafts gHl and gH1S are all from the human germline gene, with the exception of residues 23,

67,71,72,73,74, 77,78, 79, 89 and 91 (Kabat numbering), where the donor residues Threonine
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{23T), Phenylalanine (67F), Lysine (71K}, Alanine (72A), Serine (738), Threonine (74T},
Threonine (777), Valine (78V), Aspartic acid (79D), Threonine (89T) and Phenylalanine (91F)
were retained, respectively. The heavy chain framework residues in graft gHl14 are from the
human germline gene, with the exception of residues 67, 71, 72, 73 74, 77, 78, 79, 89 and 91
{Kabat numbering), where the donor residues Threonine (23T), Phenylalanine (67F), Lysine
(71K), Alanine (724A), Serine (738), Threonine (74T}, Threonine (77T), Valine (78V), Aspartic
acid {(79D), Threonine (89T) and Phenylalanine {91F) were retained, respectively. The heavy
chain framework residues in grafts gHo61 and gH62 are from the human germline gene, with the
exception of residues 71, 73, and 78 (Kabat numbering), where the donor residues Lysine (71K),
Serine (738}, and Valine {(78V) were retained, respectively. The Glutamine residue at position |
of the human framework was replaced with Glutamic acid (1E) to afford the expression and
purification of a homogeneous product: the conversion of Glutamine to pyroGlutamate at the N-
terminus of antibodies and antibody fragments is widely reported. Residue 59 in CDRHZ2 (Seq.
{13 No. 19} of the gHI15 graft and gH62 graft was mutated from a Cysteine (59C) to a Serine
{598) residue, thus removing the unpaired Cysteine residue from the gH15 sequence. Residue 98
in CDRH3 (Seq. 1D No. 20) of graft gH1S and graft gHo2 was mutated from an Aspartic acid
(98D} to a Glutamic acid {98E) residue, thus removing a potential Aspartic acid isomerization
site from the gH135 sequence.

For expression of humanized Ab 909 in mammalian cells, the humanized light chain V-
region gene was joined to a DNA sequence encoding the human C-kappa constant region {(Kim3
allotype), to create a contiguous light chain gene. The humanized heavy chain V-region gene
was joined to a DNA sequence encoding the human gamma-4 heavy chain constant region with
the hinge stabilising mutation 8241P (Angal et al., Mol Immunol. 1993, 30(1):105-8}, to create a
contiguous heavy chain gene. The heavy and light chain genes were cloned into the mammalian

expression vector 1235-pGL3a(1)-SRHa(3)-SRLa(3)-DHFR(3) (Cellca GmbH).

Example 5. Reducing affinity of a high affinity anti-aP2 monoclonal antibedy
In light of the therapeutic activity of the low-affinity anti-aP2Z monoclonal antibody
CA33, amino acid residue substitutions were explored in the high-affinity anti-aP2 monoclonal

murine antibody (H3 gL1/gH1) in order to develop low-affinity antibodies having potential aP2
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modulating therapeutic activity. The original amino acid and ¢cDNA sequences of H3 gL1/gH1,

along with the mutated sequences thereof, are provided in Table 13 below.

Table 13: Modification of High Affinity H3 anti-aP2-antibody

Protein/eDNA| Seq. Sequence
ID Ne.
H3 gL1 light EVVLTQSPALMAASPGEKVTITCSVSSSISSSNLHW YQQKSETSPKPWIYG
chainvariable [485 | TSNLASGVPVRFSGSGSGTSYSLTISSMEAEDAATYYCQQOWSHYPLTFGAG
region TKLELK
GAAGTTGTGCTCACCCAGTCTCCAGCACTCATGGCTGCATCTCCAGGGG
H3 oL1 light AGAAGGTCACCATCACCTGCAGTGTCAGCTCAAGTATAAGTTCCAGCAA
chain variable CTTGCACTGGTACCAGCAGAAGTCAGAAACCTCCCCCAAACCCTGGATT
region (Seq.  |302 | TATGGCACATCCAACCTGGCTICTGGAGTCCCTGTTCGCTTCAGTGGCAG
1D No. 485} TGGATCTGGGACCTCTTATTCTCTCACAATCAGCAGCATGGAGGCTGAAG
cDNA ATGCTGCCACTTATTACTGTCAACAGTGGAGTCATTACCCGCTCACGTTC
GGTGCTGGGACCAAGCTGGAGCTGAAA
H3 gL 11 light EVVLTQSPALMAASPGEK VTITCSVSSSISSSNLHWYQQKSETSPKPWIYG
chain variabic |486 | TSNLASGVPVRFSGSGSGTSYSLTISSMEAEDAATYYCQQASHYPLTFGAG
region TKLELK
GAAGTTGTGCTCACCCAGTCTCCAGCACTCATGGCTGCATCTCCAGGGS
H3 gL 11 light AGAAGGTCACCATCACCTGCAGTGTCAGCTCAAGTATAAGTTCCAGCAA
chain variable CTTGCACTGGTACCAGCAGAAGTCAGAAACCTCCCCCAAACCCTGGATT
region (Seq.  |503 | TATGGCACATCCAACCTGGCTTCTGGAGTCCCTGTTCGCTTCAGTGGCAG
1D No. 486) TGGATCTGGGACCTCTTATTCTCTCACAATCAGCAGCATGGAGGCTGAAG
cDNA ATGCTGCCACTTATTACTGTCAACAGGCGAGTCATTACCCGCTCACGTTC
GGTGCTGGGACCAAGCTGGAGCTGAAA
H3 gH1 heavy QVOLOQPGAELVKPGASVKLSCKASGY TFTSNWITW VKQRPGQGLEWIGD
chainvariable [482 | TYPGSGSTTNNEKFKSKATLTVDTSSSTAYMOLSSLTSEDSAVYYCARLRGY
region YDYFDEFWGQGTTLTVSS
CAGGTCCAACTACAGCAGCCTGGGGCTGAACTTGTGAAGCCTGGGE
13 ol heavy CTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACACCTTCACCAGC
s vl AACTGGATAACCTGGGTGAAGCAGAGGCCTGGACAAGGCCTTGAGT
oo (o 1504 | OGATTGGAGATATTTATCCTGGTAGTGGTAGTACTACTAACAATGAG
%‘?}gﬁg (45;1)' 7 AAGTTCAAGAGCAAGGCCACACTGACTGTAGACACATCCTCCAGCAC
Dua AGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCGGTCT
e ATTACTGTGCAAGGCTAAGGGGCTACTATGATTACTTTGACTTCTGGG
GCCAAGGCACCACTCTCACAGTCTCGAGT
H3 gH19 QVOLOQOPGAELVKPGASVKLSCKASGY TFTSNAITW VKQRPGQGLEWIGD
heavy chain 483 | ISPGSGSTTNNEKFKSKATLTVDTSSSTAYMQLSSLTSEDSAVYYCARLRGY
variable region YDYFDFWGQGTTLTVSS
CAGGTCCAACTACAGCAGCCTGGGGCTGAACTTGTGAAGCCTGGGG
H3 gH19 CTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACACCTTCACCAGE
hoe chin AACGCGATAACCTGGGTGAAGCAGAGGCCTGGACAAGGCCTTGAGT
oo Neos | GGATTGGAGATATITCTCCTGGTAGTGGTAGTACTACTAACAATGAG
o oo 1 |AAGTTCAAGAGCAAGGCCACACTGACTGTAGACACATCCTCCAGCAC
ig‘gmﬁ ,f ‘ AGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCGGTCT
27 G ATTACTGTGCAAGGCTAAGGGGCTACTATGATTACTTTGACTTCTGGG
GCCAAGGCACCACTCTCACAGTCTCGAGT
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H3 gH20
heavy chain
variable region

424

QVOLOQPGAELVKPGASVKLSCKASGY TFTSNAITWVKORPGOGLEWIGD
ISPGSGSTTNNEKFKSKATLTVDTSSSTAYMOLSSLTSEDSAVYYCARLRGFY
DYFDFWGQGTTLTVSS

H3 gH20
heavy chain
variable region
(Seq. ID No.
484) cDNA

495

CAGGTCCAACTACAGCAGCCTCGOGCTGAACTTGTGAAGCCTGGGE
CTTCAGTGAAGCTGTCCTCCAAGGCTTCTGGCTACACCTTCACCAGC
AACGCGATAACCTGGGTGAAGCAGAGGCCTGGACAAGGCCTTGAGT
GOATTGGAGATATTTCTCCTGGTAGTGOGTAGTACTACTAACAATGAG
AAGTTCAAGAGCAAGGCCACACTGACTGTAGACACATCCTCCAGCAL
AGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCGGTCTA
TTACTGTGCAAGGCTAAGGGGCTTCTATGATTACTTTGACTTCTGGGG
CCAAGGCACCACTCTCACAGTCTCGAGT

Heavy chain
Fab gamma 1

ARTTPPSVYPLAPGRAAQTNSMVTLGCLVEGYFPERPVTVTWNSGSLSSG

constant 496 VHTFPAVLOQSDLYTLSSSVTVPSSTWPSETVTCNVAHPASSTKVDEKIVPRDC
region
Heavy chain GCCAAAACGACACCCCCATCTGTCTATCCACTGOCCCCTGGATCTGCTGEC
Fab gamma 1 CAAACTAACTCCATGOTGACCCTCOGGATGCCTGOTCAAGGGCTATTTCCCT
constant 497 GAGCCAGTGACAGTGACCTOGAACTCTGCGATCCCTGTCCAGCGGTGTGCALC
region (Seq. ' ACCTTCCCGGCTGTCCTGCAATCTGACCTCTACACTCTGAGCAGCTCAGTGA
ID No. 496) CTGTCCCCTCCAGCACCTGGUCCAGUCGAGACCGTCACCTGCAACGTTIGCCCA
cDNA CCCGGCCAGCAGCACCAAGGTGGACAAGAAAATTGTGCCCAGGGATTGT
AKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGYFPEPVTVTWNSGSLSSGVHT
Heavy chain FPAVLOSDLYTLSSSVTVPSSTWRSETVTONVAHPASSTKVDKKIVPRDCGCK
full length PCICTVPEVSSVFIFPPEPKDVLTITLTPKVTCVVVDISKDDPEVOQFSWEVDDY
gamma } 498 EVHTAQTQPREEQFNSTFRSVSELPIMHODWLNGKEFKCRVNSAAFPAPIEKT
constant ISKTKGRPRAPQVYTIPPPKEQMAKDKVSLTCMITDFFPEDITVEWQOWNGQOPA
region ENYKNTOQPIMDTDGSYFVY SKENVOKSNWEAGNTFTCSVLHEGLHNHHTEKS
LSHSPGK
GCCAAAACGACACCCCCATCTGTCTATCCACTGOGCCCCTGGATCTGCTGCC
CAAACTAACTCCATGGTGACCCTGGGATGCCTGGTCAAGGGCTATTTCLCT
GAGCCAGTGACAGTCACCTGGAACTCTGGATCCCTGTCCAGCGGTGTGCAC
ACCTTCCCAGCTGTCCTGCAGTCTGACCTCTACACTCTGAGCAGCTCAGTGA
CTOTCCCCTCCAGCACCTGGCCCAGCCGAGACCOGTCACCTGCAACGTTIGCCCA
CCCGGCCAGCAGCACCAAGGTGGACAAGAAAATTGTGCCCAGGGATTETIGG
TTGTAAGCCTTGCATATGTACAGTCCCAGAAGTATCATCTGTCTTCATCTICCC
Heavy chain CCCAAAGCCCAAGGATGTGCTCACCATTACTCTGACTCCTAAGGTCACGTETG
full length TTGTGGTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTA
gapna 1 GATGATGTGGAGGTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCA
constant 499 ACAGCACTTICCGCTCAGTCAGTGAACTTCCCATCATGCACCAGGACTGGCTC
region (Seq. AATGGCAAGGAGTTCAAATGCAGGGTCAACAGTGCAGCTTTCCCTGCCCCCAT
ID Mo, 498) COAGAAAACCATCTCCAAAACCAAAGGCACGACCGAAGGCTCCACAGGTGTAL
cDNA ACCATTCCACCTCCCAAGGAGCAGATOGCCAAGGATAAAGTCAGTCTGACCTG
CATGATAACAGACTTCTTCCCTGAAGACATTACTGTGGAGTGGCAGTGGAATG
GGCAGCCAGCGGAGAACTACAAGAACACTCAGCCCATCATGGACACAGATGG
CTCTTACTTCGTCTACAGCAAGCTCAATGTGCAGAAGAGCAACTGGGAGGCAG
GAAATACTTTCACCTGCTCTGTGTTACATGAGGGUCTGCACAACCACCATALT
G
AGAAGAGCCTCTCCCACTCTCCTGGTAAATGATCCCAGTGTCCTTGGAGCCCTC
TGGTCCTACAGGACTCTGACACCTACCTCCACCCCTCCCTGTATAAA
Light chain 500 RTDAAPTVSIFPPSSEQLTSGGASVVUFLNNFYPEDINVEWKIDGSERQNGVL

kappa constant

NSWTDQODSKDSTYSMSSTLTLTKDEYERHNSYTCEATHK TS TSPIVKSFNRNEC
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COTACGGATGCTGCACCAACTGTATCCATCTTCCCACCATCCAGTGAGCAGTT
AACATCTGCAGGTOCCTCAGTCOTGTGCTTCTTGAACAACTTCTACCCCAAAG
ACATCAATGTCAAGTGGAAGATTGATGGCAGTOCAACGACAAAATOGCOTCCT
561 GAACAGTTGCACTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGC
ACCCTCACGTTGACCAAGGACGAGTATGAACGACATAACAGCTATACCTGTGA
GGCCACTCACAAGACATCAACTTCACCCATTGTCAAGAGCTTCAACAGGAATG
AGTGT

Light chain
kappa constant
{Seq. 1D No.
500y cDNA

To reduce the affinuty of H3 (gl.1/gH1) to that of CA33, H3 residues likely to form key
contacts with murine aP2 were identified by visual inspection of the crystal structure (Figure 29),
and mutated to Alanine, Phenylalanine, or Serine. Initially, a panel of 11 point mutations across
9 positions were generated and ranked using SPR analysis. Mutations that showed significant
reductions in affinity were combined and then ranked using the Octet. Further combinations
were produced until the affinity of CA33 was roughly matched.

By substituting the amino acid residue W91 in the light chain parent CDRL3 region to
Ala, W33 in the heavy chain CDRHI region to Ala, and YS2 iu the heavy chain CORH2 region
to Ser (H3 gL 11/gH19), affinity was reduced from < 0.07 uM. By substituting the amino acid
residue W33 in the heavy chain CDRHI region to Ala, Y52 in the heavy chain CDRH2 region to
Ser, and Y98 in the heavy chain CDRH3 region to Phe (H3 gL1/gH20), affinity was reduced
from < 0.07 pM. The full variable chains of the resultant antibodies and their alignment are
provided in Figure 30B & C.

Additional experiments examining the binding affinities of anti-aP2 antibodies that have
been mutated to reduce binding affinity (5251.migG1168 (PB1172) and 5252.migGl.169
{(PB1171)} are shown in Figure 31. PB1172 is comprised on the g!1 light chain and g19 heavy
chain (See Figure 30B & C) and PB1171 is comprised on the gl light chain and g20 heavy chain
{See Figure 30B & C). Binding affinities toward human aP2 were 6.03 uM and 5.82 uM for the
PB1172 and PB1171 antibodies, respectively. Binding affinities toward mouse aP2 were 4.57

uM and 5.12 pM for the PB1172 and PB1171 antibodies, respectively.

Example 6. Adipokine aP2 regulates hepatic glucose production by disrupting a repressive
FoxO1/CtBP2 transcriptional complex
Animals

Leptin-deficient ob/ob mice (10 weeks of age) and high-fat diet-induced obese mice (12-

16 weeks on high-fat diet) were purchased from the Jackson Laboratories (Bar Harbor, ME). All
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mice used were males and maintained on a 12 h dark/light cycle. All experimental procedures
involving animals were conducted according to the guidelines of the Institutional Animal Care

and Use Commiitee, Harvard School of Public Health.

1) aP2 knockout mice on high-fat diet study.

Wild-type or aP2-deficient mice [see, Hotamisligil, G.S, et @/, Uncoupling of obesity
from insulin resistance through a targeted mutation n aP2, the adipocyte fatty acid binding
protein. Science 274, 1377-1379 (1996)] on CS7BL6/J background were fed either a high-fat diet
{60 kcal%, Research Dhets, Inc., NI, 1124921 or normal chow diet (RD, Picolab 5058 Lab

Diet) from 8 weeks of age for 16 weeks.

2y Treatment of diet-induced obese mice with aP2 antibody.
Wild-type mice were fed a high-fat diet for 12 weeks to induce dietary obesity and
thereafter treated with either vehicle or monoclonal aP2 antibody (1.5 mg CA33/mouse) twice a

week for 4 weeks on the same diet.

3) Recombinant aP2 protein injection study.

Wild-type mice (10-12 weeks of age) received intraperitoneal injections of either vehicle
or recombinant aP2 protein (100 pg/mouse} twice daily for 5 days. FoxQ1V1% mice were
generously provided by Domenico Accilt (Columbia University, NY) and crossed with Albumin-
Cre mice {Jackson Laboratories, Bar Harbor, ME} to generate liver specific Fox0O1 knockout
mice. Either wild-type mice or FoxOl liver specific knockout mice were treated with

recombinant aP2 in the same way.

4) Adenovirus transduction study.

Recombinant adenovirus encoding either B-glucuronidase (AdGUS), CtBP2 (AdCiBP2),
sh-control (Ad/shControl), sh-FoxOU{Ad/shFox(1) or sh-CtBP2 (Ad/shCtBP2) was delivered
into mice at the titer of 1.5 x 10" particles/mouse. Glucose tolerance tests were performed by
intraperitoneal glucose injection (0.75 g/kg) after an overnight fast, and insulin tolerance tests
were performed by intraperitoneal injection of insulin (0.5 Ulkg) after a 6h-fast.  Serum

parameters were analyzed using the following systems: aP2; Mouse FABP4 ELISA
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{BioVendor), insulin; Mouse Ultrasensitive Insulin ELISA (ALPCQO), glucagon; Glucagon
Quantikine ELISA Kit (R&D Systems), FFA; NEFA-HR(Z) (Wako Chemicals), glycerol; Free
Glycerol Determination Kit {Sigma), Alanine aminotransferase (ALT), ALT activity assay kit
(Sigma) Liver triglyceride was extracted by the chloroform-methanol method and determined

by a colorimetric assay (Sigma).

Recombinant protein production and purification

Mouse aP2 c¢cDNA with an N-terminal polyhistidine tag followed by a TEVY protease
cleavage site was cloned into pET28 vector (EMD bioscience) and the plasmid was transformed
into BL2TAI strain of E. coli {(Invitrogen). After the affinity purification and extensive
endotoxin removal, the N-terminal His tag was removed by cleavage with TEV protease
(Sigma}. Lipid binding mutant (R1261, Y128F) was generated following the same strategy {see,
Erbay, B, ef al. Reducing endoplasmic reticulum stress through a macrophage lipid chaperone
alleviates atherosclerosis. Nature Medicine 15, 1383-1391 (2009)]. To delipidate the
recombinant protein, temperature-dependent binding of hydrophobic ligands to Lipidex1000
{Perkin-Elmer, Norwalk, CT), a 10% substituted hydroxyalkoxypropyl derivate of Sephadex G-
25, was utilized. At 37 °C, Lipidex 1000 removes both non-protein bound and protein associated
lipids from an aqueous solution, whereas at 0 °C it only removes non-protein bound lipids [see,
Glatz, J F. & Veerkamp, J H. Removal of fatty acids from serum albumin by Lipidex 1000
chromatography. Journal of Biochemical and Biophysical Methods 8, 57-61 (1983)].
Recombinant aP2 protein was delipidated with Liptdex1000 at 37 °C twice. Thereafter, the
resultant proteins were further purified by gel filtration through Sephadex G-25 (PD-10, GE
Healthcare}.

Primary hepatocyte isolation, screening of transcription factors, subcellular fractionation,
and adenovirus transduction

Primary mouse hepatocytes were 1solated as described previously, see, Sekiva, M, ef al.
SREBP-1-independent regulation of lipogenic gene expression in adipocytes. Journal of Lipid
Research 48, 1581-1591 (2007). After overnight serum starvation, cells were treated in
William’s medium E (Invitrogen} with 50 pg/ml of recombinant aP2 in the presence or absence

of forskolin (2 uM, Sigma) for 3 h unless otherwise indicated. For the screening of transcription
E = i &
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factors, on-target plus siRNAs were purchased from Dharmacon and transiently transfected into
primary hepatocytes by RNAFect (QIAGEN). For subcellular fractionation, cells were treated
as indicated above for 90 min and fractionated utilizing NE-PER cell fractionation system
{(Pierce). For adenoviral transduction, shRNA oligonucleotides were cloned into pENTR/UG
vector followed by the recombination with pAd/BLOCK-t-DEST vector (lnvitrogen). The
targeted  sequences of shRNAs were designed as follows Control, 5°-
GTCTCCACGCGCAGTACATTT-3, Seq. 1 No. 541 Foxol,; 5~
GCATGTTTATTGAGCGCTTGG-3, Seq. > No. 542 CtBP1; 5
GCAGCGGGTTTGACAATATCG-3, Seq D No. 543 CiBP2; 5-
GGGAAGACTAGGACGTGATTA-S Seq. D No. 544 and 57-
GCCACATTCTCAATCTGTATC-3, Seq. D No. 545 HNF4a; 57~
GCTGCAGATTGATGACAATGA-3 Seq. ID No. 546, Forkhead response element (FHRE)
huciferase {Addgene, Cambridge, MA) was cloned into pAd/PL-DEST vector (Invitrogen).
Adenovirus encoding rentlla tuciferase was purchased from Vector Biolabs (Philadelphia, PA).
Adenoviruses were amplified in HEK293A cells and purified by CsCl gradient centrifugation.
To measure FoxO transcriptional activity, primary hepatocytes were infected with adenovirus
expressing FHRE luciferase and renilla luciferase for 24 h. Thereafter, cells were serum starved
overnight and incubated with 50 pug/ml of aP2 protein in the absence or presence of 2 uM
forskolin for 6 h. Cells were lysed in passive lysis buffer and analyzed using Dual-Glo luciferase

Reporter Systems (Promega). Firefly luciferase signal was normalized to Renilla luciferase.

Quantitative real-time RT-PCR

Total RNA was isolated using Trizol Reagent {Inviirogen) and ¢cDNA was synthesized
with iScript Reverse Transcription Supermix (Bio-Rad). Quantitative real-time PCR analysis
was performed using SYBR Green in ViiA 7 Real-Time PCR systems (Applied Biosystems).
Data were normalized to acidic ribosomal phosphoprotein PO (Rplp0, 36B4) expression. Primers

used for Q-PCR were as follows:

Rplp0 forward | 5-CACTGGTCTAGGACCCGAGAA-3 Seq. ID No. 547
TEVErse 5-AGGGGGAGATGTTCAGCATGT-3 Seq. ID No. 548

Pckl forward S-CTGCATAACGGTCTGGACTTC-3” Seq. ID No. 549
FeVerse S-CAGCAACTGCCCGTACTCC-3” Seq. ID No. 550

Gope forward S-COGACTCGCTATCTCCAAGTGA-Y Seq. 1D No. 5§51
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revVerse S-GTTGAACCAGTCTICCGACCA-3 Seq. 1D No. 552

Foxol forward S-AACACACAGCTGGOGTOTCAGG-3 Seq. D No. 553
FEVETSE S -GCATCTTTGGACTGCTCCTCAGT-3 Seq. ID No. 554

Foxo3 forward S-CTGOTGCTAAGCAGGCCTCAT-3” Seq. ID No. 555
reverse SSTGTAGGTCTTCCOGTCAGTTTGAGG-3 Seq. ID No.

556

Foxo4d forward S-TGTATATGGAGAACCTGGAGTGCG-3” Seq. ID No.
557

reverse SWCAAAGCTTCTTGCTGTGACTCAGG-3 Seq. 2 No.
5338

Cebpa forward S-CAAGAACAGCAACGAGTACCGG-3” Seq. ID No. 559
FeVerse S-TGTCACTGGTCAACTCCAGCAC-3 Seq. ID No. 560

Nr3cl forward 5-CTGACGTGTGGAAGCTGTAAAGTC-3’ Seq. ID No.
561
Feverse S-GATGCAATCATTTCTTCCAGCAC-3" Seq. ID No. 562

CtBP1 forward | 5-TTGGGCATCATTGGACTAGGTC-3” Seq. 1D No. 563
TEVErse 5 -GCTCGATTCCATCAGATAGGTATGG-3” Seq. ID No.

564
CtBP2 forward | 5-GCAGGACTTGCTATATCAGAGCGA-3’ Seq. ID No.
565
Feverse 5 -ATGCACCTTIGCCTCATCTGCT-3” Seq. ID No. 566
Alb forward | S"-AGACGTGTGTTGCCGATGAGT-3 Seq. ID No. 567

TEVErse S-GTTTTCACGGAGOTTTGGAATG-3” Seq. ID No. 568

Gpam forward 5 -ACAGTTGGCACAATAGACGTTT-3 Seq. D No. 569
reverse S-CCTTCCATTTCAGTGTTGCAGA-3 Seq. ID No. 570

Fasn forward | 5-AGAGATCCCGAGACGCTTCT-3" Seq. I No. 571
TEVETse S-GCCTOGGTAGGCATTCTGTAGT-3 Seq. 1D No. 5372
Sed] forward | 5-CCCGGGAGAATATCCTGGTTT-3” Seq. ID No. 573

TEVETSe S-TCOGATGAAGAACGTGOTGAAGT-3 Seg. ID No. 574

Hifla forward S-ATGAAGTGCACCCTAACAAGCC-3" Seq. 1D No. 575
Feverse S-CACACTGAGGTTGOTTACTGTTGG-3 Seq. 1D No.
376

Ppargcla | forward | 5"-GAAGTGGTGTAGCGACCAATC-3” Seq. ID No. 577
FeVerse S-AATGAGGGCAATCCGTCTTCA-3 Seq. [D No. 578

Stat3 forward | S™-ACCATTGACCTGCCGATGTC-3 Seq. ID No. 579
FEVerse S-TGAGCGACTCAAACTGCCCUT-3 Seq. ID No. 580

Srebfle | forward S-GGAGCCATGGATTGCACATT-3 Seq. 1D No. 381
TEVerse 5-GGCCCGGGAAGTCACTGT-3” Seq. ID No. 582

Mixipl forward S-CACTCAGGGAATACACGCCTAC-37 Seq. ID No. 583
TEeVerse S-ATCTTGOGTCTTAGOGGTCTTCAGG-3 Seq. 1D No. 584

Pklr forward | S"-TCAAGGCAGGGATGAACATTG-37 Seq. 1D No. 585
FEVerse S-CACGGGTCTGTAGCTGAGTGG-3 Seqg. 1D No. 586

Acly forward S-ACCCTTTCACTGGGGATCACA-S Seqg. 1D No. 587
Feverse 5’ -GACAGGGATCAGGATTTCCTTG-3” Seq. ID No. 588

Crp forward | S-ATGGAGAAGCTACTCTGGTGCC-3” Seq. ID No. 589
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reverse ST-ACACACAGTAAAGGTOGTTCAGTGGE-3 Seq. ID No.

590

Apcs forward 5 -GTCAGACAGACCTCAAGAGGAAAGT-3 Seq. ID No.
591

reverse S-AGGTTCGGAAACACAGTGTAAAATT-3" Seq. ID No.
592

D36 forward 5 -AGATGACGTGGCAAAGAACAG-3 Seq. 1D No. 593
reverse S-CCTTGGCTAGATAACGAACTCTG-3 Seq. 1D No. 594

Acadm | forward S-AGGOGTTTAGTTTTGAGTTGACGG-3" Seq. 1D No. 595
TEVETSe S-CCCCOCTTTTOGTCATATTCCG-3” Seq. 1D No. 5396

Nuclear fatty acyl-CoA content

Primary hepatocytes (6 x 10° cells per sample) were stimulated with 50 ug/ml of aP2 for 2h. The
cells were washed with PBS and nuclet were isolated without detergent as described previcusly
in T. Nakamura ef al., A critical role for PKR complexes with TRBP in Iramunometabolic
regulation and elF2alpha phosphorylation in obesity. Cell Rep 11, 295-307 (2015). The lipids in
the 1solated nuclei were extracted basically by Bligh-Dver method using water acidified with
acetic acid. Fatty acyl-CoA partitioned 1nto methanol/water phase was collected. Fatty acyl-
CoAs were oxadized by fatty acyl-CoA oxidase (Wako, Japan), yielding 2 3-trans-Enoyl-CoAs
and hydrogen peroxide. The hydrogen peroxide was guantified by a fluorescent detection system

{Enzo Life Sciences, NY).

Glucose production assay

Primary hepatocytes were infected with either Ad/shControl or Ad/shFoxO1 for 24 b and
further incubated in fresh Willlam’s E medium with 5% FBS for 12h. Thereafter, celis were
serum starved overnight and incubated with either control or recombinant aP2 (S0 ug/ml) in the
presence or absence of forskolin (2 uM) for S h. Cells were washed twice with DMEM without
glucose (Sigma) supplemented with 10 mM HEPES and incubated with the same DMEM
without glucose with 20 mM glycerol in the presence of the same concentrations of vehicle, aP2
and/or forskolin for 2 h. The glucose concentrations in the media were determined by using the

Arplex Red Glucose/Glucose Gxadase Assay Kit (Invitrogen).
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Western blot analysis and co-immunoprecipitation experiments

Proteins were extracted from cells or Liver samples with butfer A (50 woM Tris-HC] pH
7.4, 150 mM NaCl, 1% Nonidet P-40, 1 mM EDTA, 10 mM NaF, 2 mM NazVQOu4) with complete
protease inhibitors (Sigma-Aldrich) and subjected to SDS-polyacrylamide gel electrophoresis.
To detect acetylated FoxO1, S uM of trichostatin A (TSA) and 5 mM of nicotinamide were
included in the buffer A to block deacetylation of FoxO1 protein. Membranes were incubated
with anti-FoxO1 (Cell Signaling, C29H4), anti-CiBP (Santa Cruz, E-12), anti-CtBP1 (BD), anti-
CtBP2 (BD), anti-FLAG (Clontech), anti-GAPDH (Santa Cruz, FL-335), anti-Lanmin A/C (Cell
Signaling, 4C11), anti~-phospho PKA substrate (Cell signaling, #9621), anti-GUS (Invitrogen),
anti-pAkt (Serd73, Cell Signaling, #9271), anti-Akt (Santa Cruz, H-136), anti-Ac-FKHR(Santa
Cruz, D-19), anti-pFoxO 1{Ser 256, Cell Signaling, #9461} and anti-HINF4a (Santa Cruz, C-19).
The membranes were incubated with the secondary antibody conjugated with horseradish
peroxidase (Santa Cruz) and were visualized using the enhanced chemiluminescence system
{Roche Dhagnostics). To detect endogenous binding of Fox(O1 and CiBPs, the anti-FoxO1
antibody (Santa Cruz, C-9), anti-CtBP antibody (Santa Cruz, E-12), anti-CtBP2 (Santa Cruz, E-
16}, control mouse IgG (generated in house) or control goat IgG (Santa Cruz) were cross-linked
to Protein G dynabeads (Invitrogen) with 50 mM dimethyl pimelimidate (Sigma-Aldrich).
Primary hepatocytes or liver samples were lysed with buffer A and the protein complex was
immunoprecipitated in buffer A with reduced concentration of NP40 (0.5%) (50 mM Tris-HClI
pH 7.4, 150 mM NaCl, 0.5% Nomdet P-40, | mM EDTA, 10 mM NaF, 2 mM NasVOs) for4 h
at 4 °C. The beads were washed with the buffer A with 0.5% NP40 without EDTA four times,
eluted with SDS loading buffer and analyzed by Western blot analysis. FLAG-tag co-
immunoprecipitation study was performed as follows. The plasmids encoding FLAG wild-type
Fox(1 and CtBP1 are genercus gifts from Domenico Accili (Columbia University, NY) and
Pere Puigserver (Harvard Medical School, MA), respectively. CiBP2 ¢DNA was anplified by
PCR and cloned into pcDNA3 . 1(+} (Invitrogen). The PSDL motif in FoxQO1 was either mutated
to PSAS or deleted by gene tailor site-directed mutagenesis system (Invitrogen). HEK293 cells
were transiently transfected with control plasmid, FLAG wild-type FoxO1 or mutated FLAG
FoxO1 along with either CtBP1 or CtBP2 using lipofectamine LTX (Invitrogen). Cells were
fysed with buffer A with 1% NP40 and immunoprecipitated with FLAG M2 magnetic beads

(Sigma} in buffer A with 0.5% NP40 for 4h at 4 °C. The beads were washed four times with
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buffer A, with 0.5% NP40 and eluted with 0.5 mg/ml of 3x FLAG peptide (Sigma). To evaluate
the effect of oleoyl-CoA and NADH, the cell lysates were immunoprecipitated with FLAG M2
magnetic beads with increasing concentrations of oleoyl-CoA or NADH for 4 b at 4 °C.

Thereatter, the FoxO1/CtBP2 complex was eluted and analyzed in the same way.

Fatty acid uptake assay

[1-1*Cloleate (59.0 mCi/mmol, PerkinElmer) was conjugated with BSA (fatty acid free,
Sigma, BSAoleate = 1:6). Primary hepatocytes were incubated with recombinant aP2 (50
ug/mi) for 2 h and [1-"*Cloleate-BSA complex was added to give a final concentration of 150
uM. After the indicated period of time, cells were placed on ice, washed with cold PBS five

times and lysed with 0. 1N NaOH to measure the radioactivity and protein concentrations.

Fatty acid oxidation

Primary hepatocytes were seeded on type I collagen (Sigmaj-coated XF96 cell culture
microplates (Seahorse Bioscience) at a density of 7 x 10%/well. Cells were treated with
recombinant aP2 (50 pg/ml) for 2 h in Williams™ E media without serum, thereafter the culture
medium was changed to Krebs-Henseleit buffer (111 mM NaCl, 4.7 mM KCE 1.25 mM CaCly, 2
mM MgSO4, 1.2 mM NaHPO4, 2.5 mM glucose, 0.5 M carnitine, 5 mM HEPES pH 7 4) with
the same concentrations of vehicle or recombinant aPZ. Oxygen (O2) consumption rates (OCR)
were measured before and after the exposure to 150 uM of palmitate conjugated with BSA

{Seahorse Bioscience).

Immunocytochemistry

Primary hepatocytes were incubated as described above for 90 min and fixed in 4%
paratormaldehyde for 10 min at room temperature. Cells were permeabilized with 0.1% Triton
X-100 for 10 min and blocked with 10% donkey serum (Sigma) for 1 hour. Primary antibodies
employed to detect CtIBP2 and FoxO1 were goat polyclonal CtBP2 antibody E-16 (Santa Cruz,
1:50) and a mixture of rabbit polyclonal FoxO1 antibodies containing ab39670 (Abcam®,
1:100), C29H4 (Cell Signaling, 1:100} and H-128 (Santa Cruz, 1:100), respectively. Alexa
Fluor® 568-conjugated donkey anti-goat 1gG and Alexa Fluor® 647-conjugated donkey anti-

rabbit Igc were applied as secondary antibodies (Life Technologies, 1:200).
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Chrematin immunoprecipitation (ChiP)

Primary hepatocytes were incubated as described above for 90 min and fixed in 1%
formaldehyde for 10 minutes at room temperature. Crosslinking was quenched by adding
glycine to a final concentration of 125 mM. Thereafter, the ChiP assay was carried out using
Magna ChIP HiSens Chromatin Immunoprecipitation Kit (EMD Millipore) with minor
modifications: chromatin shearing was achieved by Micrococcal Nuclease (Cell Signaling).
Chromatin was immunoprecipitated either with control IgG, anti-Fox(G1 (Abcam®, ab39670) or
anti-CtBP2 (Santa Cruz, E-16). Immunoprecipitated DNA and mnput DNA were quantified by
real-time PCR with primers specific for G6pe gene promoter. See, Hall, J A, Tabata, M.,
Rodgers, J.T. & Puigserver, P. USP7 attenuates hepatic gluconeogenesis through modulation of

Fox(31 gene promoter occupancy. Molecular endocrinology 28, 912-924 (2014).

Cellular lactate/pyruvate measurement

To estimate the cytosolic NAD/NADH ratio, cellular lactate and pyruvate contents were
measured with a kit (Cayman Chemical}, When the conversion between pyruvate/NADH and
lactate/NAD is at equilibrium, the cytosolic NAD/NADH ratio could be estimated by the
lactate/pyruvate ratio. See, Williamson, D.H., Lund, P. & Krebs, H A, The redox state of free
nicotinamide-adenine dinuclectide in the cyioplasm and mitochondria of rat liver. The

Biochemical Journal 103, 514-527 (1967).

aP2 upreguiates gluconesgenic gene expression in a Fox{1-dependent manner

Acting as an adipokine, aP2 directly upregulates expression of ghiconeogenic
genes both in liver in vivo, and in hepatocytes in vitre. See, Cao, H, ef al. Adipocyte lipid
chaperone AP2 is a secreted adipokine regulating hepatic glucose production. Cell
metabolism 17, 768-778 (2013},

Since the extent of upregulation 1s modest in cell culture systems, additional experimental
settings were examined to obtain more robust upregulation of these genes. It has been discovered
that the presence of signals mimicking fasting increases the effect of aP2 on gene expression.
For example, forskolin (an activator of adenylate cyclase) and ghlicagon (data not shown)

enhanced the ability of aP2 to upregulate Gépe and Pckl gene expression in primary hepatocytes
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{FIGS. 38A and 38B). Conversely, blocking cAMP-PK A signaling with H89 abolished the effect
of aP2 (FIGS. 38C and 38D).

Further, the molecular basis of gluconeogenic gene regulation by aP2 in this setiing has
been identified as described herein. Both delipidated aP2 and a mutant form of aP2 that lacks
jipid binding ability (R126L, Y128F) (Erbay, E., ef al. Reducing endoplasmic reticulum stress
through a macrophage lipid chaperone alleviates atherosclerosis. Nature Medicine 15, 1383-1391
(2009)) failed to upregulate gluconeogenic gene expression 1u the presence of forskolin, (FIGS.
32A and 32B), indicating that aP?2 lipid cargo is an important mediator of this activity.

siRNA knockdown was used to screen several key hepatic transcription factors and
cofactors, such as FoxO1, Hypoxia-inducible factor 1o (Hiflg), Signal transducer and activator
of transcription 3 (Stat3), Peroxisome proliferator-activated receptor-gamma coactivator 1o
(PGC-1a, Ppargela), CCAAT-enhancer-binding proteins o {(C/EBPq, Cebpa) and Glucocosticoid
Receptor (GR, Nuclear receptor subfamily 3 group C member 1, Ni3cl) for their ability to
abrogate the effect of aP2 on gene expression. Among these, knockdown of Fox(Q1, which has
previously been shown to play a critical role in the transcriptional regulation of gluconeogenic
gene expression (see, Lin, HV. & Accili, D. Hormonal regulation of hepatic glucose production
in health and disease. Cell metabolism 14, 9-19 (2011)), most markedly blunted the effect of aP2Z
on Gope expression (FIGS. 32C, 39A-39H).

This finding was further validated by adenovirus-mediated shRNA delivery. Again
adenovirus-mediated Fox(O1 knockdown significantly diminished the upregulation of Gépe gene
expression induced by aP2 (FIGS. 32D and 32E). Consistent with this finding, aP2 increased the
activity of a FoxO-responsive luciferase reporter (FHRE} in primary hepatocytes, and this etfect
was mote pronounced in the presence of forskolin (FIG. 32F). Treatment with aP2 did not
influence the expression levels of Foxof (FIG. 39H). Furthermore, aP2 increased glucose

production from hepatocytes in a Fox(O1-dependent manner (FIG. 32G).

Extracellular aP2 alters fatty acid metabolism in hepatocytes

Since aP? is a fatty acid binding protein and genetic deficiency and antibody-mediated
neutralization of aP2 are known to alter systemic fatty acid metabolism (Hotanushigil, G .S, er al.
Uncoupling of obesity from insulin resistance through a targeted mutation in aP2, the adipocyte

fatty acid binding protein. Science (New York, N.Y.} 274, 1377-1379 (1996); Maeda, K., er al.
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Adipocvte/macrophage fatty acid binding proteins control integrated metabolic responses in
obesity and diabetes. Cell metabolism 1, 107-119 (2005); Cao, H,, ef al. Regulation of metabolic
responses by adipocyte/macrophage Fatty Acid-binding proteins in leptin-deficient mice.
Diabetes 55, 1915-1922 (2006)), the effect of exogenous aP2 treatment on fatty acid metabolism
in hepatocytes was assessed. The effect of aP2 was significantly diminished in the presence of
etomoxir, a fatty acid oxidation inhibitor (FIGS. 33A and 33B). This data suggests that aP2 1s
regulating gluconeogenic gene expression by inhibiting fatty acid oxidation. Consistent with this
finding, aP2 decreased the palmitate-stimulated increase in fatty acid oxidation, as measured by
oxygen consumption rate after palmitate injection (FIG. 33C). Furthermore, aP2 robustly
increased fatty acid uptake into hepatocytes (FIG. 33D) suggesting that the extent of inhibition of
fatty acid oxidation by aP2 observed (FIG. 33C) may be an underestimation. Moreover,
exogenously supplied palmitate increased the extent of gluconeogenic gene expression induced
by aP2 (FIGS. 33E and 33F).

Ounce taken up into cells, faity acids are esterified with CoA to form fatty acyl-CoA
thioesters, and transported to organelles such as mitochondria and endoplasmic reticulum where
they are utilized for oxidation and lipid synthesis. See, Mashek, D.G. & Coleman, R A. Cellular
fatty acid uptake: the contribution of metabolism. Current opinion in lipidology 17, 274-278
(2006} and Anderson, C.M. & Stahl, A. SLC27 fatty acid transport proteins. Molecular aspects
of medicine 34, 516-528 (2013). Following aP2 treatment, an increase of fatty acid uptake with
concomitant decline of fatty acid oxidation would presumably cause accumulation of c¢ytosolic
fatty acyl-CoAs, which has been shown to play regulatory roles in metabolic diseases. See,
DeFronzo, R A Insulin resistance, hipotoxicity, type 2 diabetes and atherosclerosis: the missing
finks. The Claude Bernard Lecture 2009, Digbetologia 53, 1270-1287 (2010). To test whether
the effect of palmitate on aPZ-induced ghuconeogenic gene expression involves cytosolic acyl-
CoA, the acyl-CoA synthetase inhibitor, Triacsin C, was used. See, Mashek, D.G. & Coleman,
RUA. Cellular fatty acid uptake: the contribution of metabolism. Current opinion in lipidology 17,
274-278 (2006). Chemical inhibition of acyl-CoA synthetase significantly diminished the ability
of exogenous palmitate to enhance the aP2 effect on gene expression (FIGS. 33G and 33H).
Furthermore, treating primary hepatocytes with aP2 induced a signmificant increase in the

AES X ]

accumulation of nuclear fatty acyl-CoA (FIG. 331). Taken together, these data indicate that both
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lipid flux and turnover in liver cells are modulated by aP2, and that this underlies the effect of

aP2 on gluconeogenic gene expression.

A novel repressive complex, FoxO1/CtBPL, is modulated by aP2

FoxO1 has not been previously shown to be regulated by the intracellular hipid milieu.
Theretore, molecules which might link lipid signaling to Fox(O1 activation were examined. C-
terminal binding proteins (CtBPs) are transcriptional repressors that have been shown to bind to
not only nicotinamide adenine dinucleotide (NAD/NADH) but also fatty acvl-CoAs.  See,
Nardint, M., et o/, CtBP/BARS: a dual-function protein involved in transcription co-repression
and Golgi membrane fission. The EMBO journal 22, 3122-3130 (2003}  Importantly,
NAD'/NADH binding induces a conformational change of CtBPs and promotes homo-
dimerization and formation of an active repressor form, while acyl-CoA binding induces
monomeric conformation. See, Nardini, M, ef al. CtBP/BARS: a dual-function protein involved
in transcription co-repression and Golgi membrane fission. The EMBO journal 22, 3122-3130
{2003). In our experimental system, we examined the role of each of the two CtBP isoforms on
aP2-mediated gene expression. While knockdown of CtBP1 had no impact on aP2-induced gene
expression, CtBP2 knockdown blocked the effect of aPZ (See, FIGS. 34A, 348, 40A, 408, 40C
and 40D). Notably, although Hepatocyte nuclear factor 4 o (HNF4o) 15 a well-known
gluconeogenic transcription factor with binding atfinity against long chain fatty acyl-CoAs
{(Hertz, R., Magenheim, J., Berman, I & Bar-Tana, J. Fatty acyl-CoA thioesters are ligands of
hepatic nuclear factor-4alpha. Nanre 392, 512-516 (1998)) an effect of HNF4o knockdown on
aP2-mediated gene expression was not observed (FIGS. 40E and 40F).

CtBPs bind PxDLx motifs in DNA-binding proteins. See, Chinnadurai, G. Transcriptional
regulation by C-terminal binding proteins. The international journal of biochemistry & cell
biology 39, 1593-1607 (2007} and Turner, J. & Crossley, M. The CtBP family: enigmatic and
enzymatic transcriptional co-repressors. BioEssays . news and reviews in molecular, cellular and
developmental bivlogy 23, 683-690 (2001}  Sequence analysis revealed PxDLx motifs in
multiple mouse and buman FoxQ proteins (FIG. 34C), suggesting the potential for direct
interaction between FoxOs and CiBPs.  Co-immunoprecipitation experiments revealed an
endogenous FoxO1/CiBP complex in primary hepatocytes (FIGS. 34D and 34E). Mutation or

deletion of the PSDL motif in FoxO1 specifically reduced the interaction between FoxO1 and
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CiBP2, but did not diminish interaction between Fox(O1l and CtBP1 or another binding partner,
B-catenin (FIGS. 34F, 34G, 41A and 41B), indicating that CtBP2 durectly binds to FoxOl
through its PxBLx motif whereas CiBPl may bind to FoxOl indirectly or through other
interaction site(s). Remarkably, upon stimulation of primary hepatocytes with aP2, FoxOl
dissociated from CiBP2 (see FIGS. 34H, and 41C).

While the effect of NAD'/NADH on transcriptional repression by CtBPs has been
thoroughly investigated, [Zhang, Q., Piston, B.W. & Goodman, R H. Regulation of corepressor
function by nuclear NADH. Science (New York, N.Y.} 295, 1895-1897 (2002}, Kumar, V,, ef al.
Transcription corepressor CtBP 1s an NAD(+)-regulated dehydrogenase. Molecular cell 10, 857-
869 (2002); Field, C.C., Birdsong, W.T. & Goodman, R H. Differential binding of NAD+ and
NADH allows the transcriptional corepressor carboxyl-terminal binding protein to serve as a
metabolic sensor. Proceedings of the National Academy of Sciences of the United States of
America 100, 9202-9207 (2003); and Thio, S.S., Bonventre, J.V. & Hsu, 8.1 The CiBP2 co-
repressor is regulated by NADH-dependent dimerization and possesses a novel N-terminal
repression domain. Nucleic Acids Research 32, 1836-1847 (2004}, the effect of fatty acyl-CoA
on the transcriptional repressor activity of CtBPs has not been studied. See, Valente, C., Spano,
S, Luini, A. & Corda, D. Purification and functional properties of the membrane fissioning
protein CtBP3/BARS. Methods In Enzymology 404, 296-316 (2005). To elucidate this,
increasing concentrations of oleoyl-CoA were added into cell lysates and it was found that this
treatment resulted in dissociation of the FoxQl/CtBP2 complexes in a dose-dependent manner
(FEGS. 341 In contrast, we also observed increased FoxO1/CiBP2 complex formation in the
presence of exogenous NADH (see FIGS. 341, CiBPs have been reported to be a redox sensor
that senses NAD/NADH ratio (Zhang, Q., Piston, D'W. & Goodman, R.H Regulation of
corepressor function by nuclear NADH. Science (New York, N.Y) 295, 1895-1897 (2002);
Chunnadurai, G. Transcriptional regulation by C-terminal binding proteins. The International
Journal Of Biochemistry & Cell Biology 39, 1593-1607 (2007}), thus whether FoxO1/CtBP2Z
complex can respond to the cytosolic redox state or NAD/NADH ratio was examined. HEK293
cells transfected with FLAG-FoxO1 and CtBP2 were treated with different ratios of extracellular
lactate/pyruvate to change the cytosolic redox state. Formation of the Fox(O1/CtBP2 complex
was enhanced in cells with a high extracellular lactate/pyruvate ratio (low cytosolic

NAD/NADH ratio} (see FIG. 34K). These data suggest that the FoxOU/CtBP2 complex is
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regulated not only by fatty acyl-CoA but also by NAD/NADH. Therefore we next asked
whether aP2 treatment directly alters the cytosolic NAD/NADH ratio. Since the cytosolic
NAD™/NADH ratio is reflected in the cellular pyruvate/lactate ratio assuming equilibrium of
lactate dehydrogenase, we measured cellular lactate/pyruvate ratio in the same expertmental
setting as in FIGS. 33E and 33F. The lactate/pyruvate ratio tended to be increased by aP2 in the
presence or absence of palmitate but the difference was not significant (see FIG 41D). The
inhibition of fatty acid oxadation was reported to increase lactate production. See, Pike, LS,
Smift, AL, Croteau, N.J., Ferrick, D A & Wu, M. Inhibition of fatty acid oxidation by etomoxir
impairs NADPH production and increases reactive oxygen species resulting in ATP depletion
and cell death in human glioblastoma cells. Biochimica Er Biophysica Acta 1807, 726-734
(2011). Therefore, this trend toward an increase of lactate/pyruvate ratio could be secondary to
the 1nhibition of fatty acid oxidation. Here we investigated direct action of aP2 in relatively
acute experimental settings. Thus, aP2 regulates FoxO1/CtBP2 complex formation mainly by
modulating cellular fatty acyl-CoA content although aP2 might influence NADH/NAD™ ratio
secondarily in a long term process. Fox{J activity is regulated in part by nuclear cytoplasmic
shuttling through posttransiational modifications such as phosphorylation and acetylation. See,
Eijkelenboom, A. & Burgering, BM. FOXOs: signalling integrators for homeostasis
maintenance. Nature Reviews. Molecular Cell Biology 14, 83-97 (2013). It was found that aP2
treatment tended to increase the nuclear content of FoxO1 in hepatocytes, although the change of
cytosolic content was negligible (see FIGS. 34L and 41E). In addition, nuclear cytoplasmic
shuttling of CiBP2 by these stimult were not observed. Interestingly, aP2 and forskolin
treatment did not obviously alter the levels of FoxO1 phosphorylation and acetylation (see FIG.
41F), modifications, which are known to regulate nuclear-cytoplasmic shuttling of the protein.

The promoter occupancy of CtBP2 as well as FoxQO1 by chromatin immunoprecipitation
(ChIP) assay were further investigated. Exposure to aP2 caused dissociation of CtBP2 from the
Gépce promoter in the absence or presence of forskolin (FIGS. 34M and 34N} FoxO1 was
recruited to Gépe promoter by aP2 treatment although the effect was marginal (FIGS. 34M and
34N).
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CeBP2 tightly regulates gluconesgenic gene expression

The characteristics of this vewly identified transcriptional system were further
investigated. CtBPs are known to be repressors, but they function as activators in some cases.
See, Fang, M, et al C-terminal-binding protein directly activates and represses Wnt
transcriptional targets in Drosophila. The EMBO journal 28, 2735-2745 (2006). Therefore, the
effects of CtBP2 on FoxOl-mediated gluconeogenic gene expression were verified. CtBP2
knockdown upregulated expression of Gope (FIG. 35A) and Pckl (data not shown) 1o primary
hepatocytes, and this effect was enhanced in the presence of forskolin, which was also the case
with aP2Z-mediated upregulation of these genes. Furthermore, the upregulation of these genes by
CiBP2 knockdown was diminished by simultanecus knockdown of FoxQOl (FIG. 35A). CtBP2
knockdown also activated the FoxO-responsive luciferase reporter (FIG. 35B).  Conversely,
CtBP2 overexpression downregulated Gfpc expression at baseline and forskolin-induced
upregulation of Gépc and Pckl were robustly suppressed by CtBP2 overexpression compared to
B-glucuronidase (GUS) overexpression (see FIGS. 35C, 35D and 35E). To rule out the
possibility of general transcriptional repression cccurring upon overexpression of CtBP2, the
expression of multiple hepatocyte genes was assessed.  Some genes regulating cellular
metabolism were upregulated (e.g. Acadm) others were unchanged {(e.g. Alb, Crebl) (see FIGS.
36A — 36N} and data not shown), suggesting a specific effect of CtBP2. Downregulation of
FoxO1 target genes following CtBP2 overexpression was also verified by FoxO responsive
tuciferase reporter activity (FIG. 35F).

Whether insulin and cAMP signaling regulate the FoxO1/CiBP2 transcriptional complex,
since these pathways have been previously shown to regulate FoxO1 transcriptional activity, was
also investigated. See, Brunet, A, ef al. Akt promotes cell survival by phosphorylating and
inhibiting a Forkhead transcription factor. Cell 96, 857-868 (1999); Nakae, J, ef al. Regulation
of insulin action and pancreatic beta-cell function by mutated alleles of the gene encoding
forkhead transcription factor Foxol. Nature Genetics 32, 245-253 (2002); and Mihaylova, MM,
et al. Class Ha histone deacetylases are hormone-activated regulators of FOXO and mammalian
glucose homeostasis. Cedfl 145, 607-621 (2011}, As shown heretn, acute activation of these
pathways did not robustly alter the formation of the FoxG1/CtBP2 complex although a mild
increase of FoxO1/CtBP2 complex by insulin treatment was observed (FIG. 35(), which may be

caused by an increased NADH/NAD™ ratio through enhanced glycolytic flux.
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Circulating a¥P2 activity dissociates the Fox0O1/CeBP2 holocomplex in vive

To further explore the relevance of aP2Z modulation of the FoxO1/CtBP2 complex, the
transcriptional complex formation was analyzed in vivo. Since decreased NAD™ and increased
fatty acyl-CoA content in the liver of obese mice have been reported (Samuel, V.1, et al.
Mechanism of hepatic insulin resistance in non-alcoholic fatty liver disease. The Journal of
Biological Chemistry 279, 32345-32353 (2004); Hammond, L.E,, ef al Mitochondrial glycerol-
3-phosphate acyltransferase-1 is essential in liver for the metabolism of excess acyl-CoAs. The
Journal of Biological Chemistry 280, 25629-25636 (2005); Cheng, 7., ef al. Foxol iuntegrates
insulin signaling with mitochondrial function in the liver. Namre Medicine 15, 1307-1311
(2009); and Eckel-Mahan, KL, et gl Reprogramming of the circadian clock by nutritional
challenge. Cell 155, 1464-1478 (2013)) dysfunctional corepressor activity of CiBPs could
underlie the unregulated hepatic gluconeogenesis in obesity. In the liver of both genetically-
induced and digt-induced obese mice, which have elevated levels of circulating aP2 (Caoc, H., ef
al. Adipocyte lipid chaperone aP2 is a secreted adipokine regulating hepatic glucose production.
Cell Metabolism 17, T768-778 (2013)), FoxOl/CiBP2 association was dramatically reduced
compared to lean controls (see FIGS. 36A, 36B, 36C and 36D} In addition, both genetic
deficiency of aP2 and antibody-mediated neutralization of aP2 (using anti-aP2 monoclonal
CA33) robustly enhanced formation of the FoxQU/CtBP2 complex (FIGS. 36E, 36F, 36G and
36H), consistent with the reduction in hepatic glucose production in these animals. See, Maeda,
K., et al. Adipocvie/macrophage fatty acid binding proteins control integrated metabolic
responses in obesity and diabetes. Cell Metabolism 1, 107-119 (2005); Cao, H, ef al. Adipocyte
lipid chaperone aP2 1s a secreted adipokine regulating hepatic glucose production. Cell
Metabolism 17, 768-778 (2013).

To determune whether elevated circulating aP2 was sufficient to distupt the
FoxQ1/CtBPZ complex, recombinant aP2 by 1P injection into wild-type lean mice for 5 days was
admuinistered, which resulted in a mild increase of serum aP2 levels (FIG. 361), similar to the
fevel observed in obese mice {Caoc, H., ef ¢l Adipocyie lipid chaperone aP2 is a secreted
adipokine regulating hepatic glucose production. Cell Metabolism 17, T08-778 (2013}]. This
short term increase in circulating aP2 resulted in significant reduction in FoxO1/CtBP2

interaction in the liver (FIG. 36J and 36K, which led to a selective increase in G8pc expression
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{FI1G. 36L). Importantly, this acute treatment did not affect body weight or serum metabolic
parameters such as insulin, glucagon, free fatty acids or glycerol (FIGS. 434, 43B, 43C, 43D,
43E, 43F and 43G).

Since CtBP2 overexpression in hepatocytes robustly downregulated gluconeogenic gene
expression (FIGS. 35D and 35E), the therapeutic potential of this signaling pathway was
investigated in vivo by overexpressing CtBP2Z in the liver of diet-induced obese mice by
adenovirus-mediated gene delivery. Three days after adenovirus transduction, CiBP2
overexpression normalized fasting blood glucose levels in obese mice without inducing weight
loss (FIGS. 37A, 37B, and 45A). In an independent cohort, 3 days of adenoviral CtBP2
gverexpression in obese mice resulted in marked improvement in glucose tolerance (FIG. 37C).
This improvement was not due to changes in insulin sensitivity, as determined by insulin
tolerance test after 5 days of adenoviral transduction {(FIGS. 37D, 45E and 45F). To more
directly assess hepatic glucose production in this model, a pyruvate tolerance test was performed,
and it was observed that CtBP2 overexpression resulted in a significantly blunted glucose
excursion following pyruvate injection (FIG. 37Q). Consistent with this finding, G6pc
expression 1o liver was robustly downregulated in CtBP2 overexpressing animals whereas 4/
gene expression was not atfected (FIGS. 37E, 37F and 37G).

Furthermore, a reduction of hepatic lipid accumulation in obese mice following 7 days of
CiBP2 overexpression (FIG. 37H) was observed. Dramatic improvement of liver steatosis is
another feature of genetic deletion and antibody-mediated neutralization of aP2. See, Maeda, K.,
et al. Adipocyte/macrophage fatty acid binding proteins control integrated metabolic responses
in obesity and diabetes. Cell Metabolism 1, 107-119 (200S5); Cao, H, ef al. Regulation of
metabolic responses by adipocyte/macrophage Fatty Acid-binding proteins in leptin-defictent
mice. Diabetes 55, 1915-1922 (2006). The reduction of steatosis by CtBP2 overexpression was
also verified by the measurement of hiver triglycerides (FIG. 371) and this was accompanied by a
reduction of serum alanine aminotransferase (ALT) levels (FIG. 37)). Consistent with these
findings, lipogenic gevne expression was robustly downregulated by CiBP2 overexpression
(FIGS. 37K, 37L, 37M, 37N and 370). This expression profile was also observed in primary
hepatocyte in a cell autonomous manner (FIGS. 45A, 45B, 45C and 45D)  CiBP2
overexpression decreases the expression levels of these genes in Fox(Q1 knockout hepatocytes

(FIGS. 45E and 45F), which suggests that CtBP2 regulates lipogenic gene expression in a Fox(O1
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independent manner. A role for CtBP2 in repressing hepatic steatosis was also shown by CtBP2
foss of function. Fourteen days after transduction of Ad/shCiBP2, CiBP2 knockdown resulted n
an accumulation of triglyceride in the Hiver in lean mice on a normal chow diet (FIGS. 45G and
45H), which was accompanied by increased expression of lipogenic genes (FIGS. 451 and 451).

In summary, the molecular mechanisms underlying the action of the circulating aP2
protein were investigated, and a novel transcriptional holocomplex composed of FoxQO1 and
CtBP2 was identified which senses cellular nutrients such as fatty acyl-CoA and NAD/NADH.
By modulating fatty acid metabolism, aP2 mediates dissociation of the FoxO1/CtBP2 complex,
liberating Fox(O1 to drive gluconeogenic gene expression (FIG. 37P).

Furthermore, the adipokine aP2 is elevated under fasting conditions, where it acts to
increase hepatic glucose production through modulation of FOXO1 activity. In the pancreatic
beta cell, FOXO1 is a key regulator of beta cell function, acting as a counter-regulatory
transcription factor to PDX1 {(pancreatic and duodenal homeobox 1), Under stress conditions,
such as prolonged fasting, FOX01 translocates to the nucleus where it displaces PDX1 binding
and activates the expression of siress-response genes including those for antioxidant and
unfolded protein response (UPR) proteins. Addition of recombinant aP2 to primary mouse and
human islets promoted the translocation of FOXO1 (Figure 46A), suggesting that aPZ may act to
modulate beta cell function through a FOXO1-dependent pathway. Further evidence of this 13
shown with increased expression of FOX(O1 target genes and subsequent proteins after 24hr
treatment in INST cells (Figure 46B and Figure 46C).

in the absence of aP2, FOXO1 translocation is reduced, thus allowing for increased
activity of PDX1. Enhanced PDX1 activity would correspond to increased insulin expression,
enhanced glucose sensing due to up-regulation of glucose transporter and glucokinase, and
reduced susceptibility to apoptosis. Thus, depletion of aP2 through genetic deletion or antibody

treatrent, may act to prevent T1D through a FOXO1-dependent mechanisr.

Example 7: aP2 deficiency results in improved airway function in aP2 kneckout mice upon
inhalation of a bronchoconstrictor agent (methacholine)}

Wild type and aP2 genetically deficient mice raised on regular diet until 11 — 13 weeks of
age were sensitized with 100 micrograms of ovalbumin (OVA) injected intraperitoneally (IP) on

experiment day O and 14. The animals were then nebulized with 1% OVA in PBS on days 28,
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30, 32 and 33. Experimental measurements were collected on day 34. Airway resistance was
measured during challenge using a bronchial couvstrictor, methacholine, at increasing
concentrations. The mice were nebulized with methacholine for 20 minutes and repetitive
measurements were taken for 3 minutes for a total of 12 consecutive measurements using the
FlexiVent apparatus (Scireq, Scientific Respiratory Equipment, Canada). Resulis shown in
Figure 47 illustrate that ap2-deficient mice have improved airway function during methacholine

challenge compared to wild type mice under the same conditions.

This specification has been described with reference to embodiments of the invention.
However, one of ordinary skill in the art appreciates that various modifications and changes can
be made without departing from the scope of the invention as set forth in the claims below.
Accordingly, the specification is to be regarded in an illustrative rather than a restrictive seunse,

and all such modifications are intended to be included within the scope of invention.
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What is claimed is:

L.

™

A humanized anti-aP2 monoclonal antibody, or antigen binding agent, comprising a light
chain vartable region comprising one, two, or three complementarity determining regions
(CDR-Ls) independently selected from an amino acid sequence of a CDR-L1 region, an
amino acid sequence of a CDR-L2 region, or an amino acid sequence of a CDR-L3
region,

wherein the amino acid sequence of the CDR-L1T region is Seq. ID No. 7 (CDRL1) or
Seq. ID No. 597 (CDRL1 variant 1};

wherein the amino acid sequence of the CDR-L2 region 13 Seq. ID No. 8 (CDRL2) or
Seq. ID No. 598 (CDRL?Z variant 1}; and,

wherein the amino acid sequence of the CDR-L3 region is selected from Seq. 1D No. 9
{CDRL3), Seq. ID No. 10 {CDRL3 variant 1), Seq. 1D No. 11 (CDRL3 variant 2}, Seq.
ID No. 12 (CDRL3 variant 3}, or Seq. ID No. 13 (CDRL3 variant 4}.

An anti-aP2 monoclonal antibody, or antigen binding ageunt, comprising a heavy chain
variable region comprising one, two, or three complementarity determining regions
(CDR-Hs) independently selected from an amino acid sequence of a CDR-HI region, an
amingo acid sequence of a CDR-H2 region, or an amino acid sequence of a CDR-H3
region,

wherein the amino acid sequence of the CDR-H1 region is Seq. ID No. 14 (CDRH1), or
Seq. ID No. 15 (CDRH1 vanant 1}

wherein the amino acid sequence of the CDR-H2 region is Seq. 1D No. 16 (CDRH2Z),
Seq. ID No. 17 (CDRH2 variant 1}, or Seq. ID No. 18 (CDRH2 variant 2); and,

wherein the amino acid sequence of the CDR-H3 region is selected from Seq. 1D No. 19
(CDRH3), Seq. ID No. 20 (CDRH3 variant 1), Seq. 1D No. 21 ({CDRH3 variant 2}, or
Seq. ID No. 602 (CDRH3 variant 3).

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the one,
two, or three CDR-Ls further comprise a human immunoglobulin framework arino acid

region.

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 2, wherein the one,
two, or three CDR-Hs further comprise a human immunoglobulin framework amino acid

region.
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The anti-aP2 monocional antibody, or antigen binding agent, of any of claims 1, 2, 3, or
4, wherein the antibody, or antibody agent thereof, has a KD for human aP2 of about >

107 M.

The anti-aP2 monocleonal antibody, or antigen binding agent, of any of claims 1, 3 or 5,
wherein the light chain variable region comprises a CDR-L1 region comprising Seq. 1D
No. 7 (CDRL1}).

The anti-aP2Z monoclonal antibody, or antigen binding agent, of any of claims 1, 3 or 5,
wherein the light chain variable region comprises a CDR-L1 region comprising Seq. ID

No. 597 (CDRLI variant 1),

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 1, 3, or 5,
wherein the light chain variable region comprises a CDR-L2 region comprising Seq. 1D
No. 8 (CDRL2).

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 1, 3, or §,
wherein the light chain variable region comprises a CDR-L2 region comprising Seq. ID

No. 598 (CDRL2 variant 1).

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 1, 3, or 5,
wherein the light chain variable region comprises a CDR-L3 region comprising Seq. 1D

No. 9 (CDRL3).

The anti-aP2 monocional antibody, or antigen binding agent, of any of claims 1, 3, or §,
wherein the light chain variable region comprises a CDR-L3 region comprising Seq. ID
No. 10 (CDRL3 variant 1),

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 1, 3, or 5,
wherein the light chain variable region comprises a CDR-L3 region comprising Seq. ID
No. 11 (CDRL3 variant 2).

The anti-aP2 monocional antibody, or antigen binding agent, of any of claims 1, 3, or §,
wherein the light chain variable region comprises a CDR-L3 region comprising Seq. ID

No. 12 (CDRL3 variant 3},
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The anti-aPZ monoclonal antibody, or antigen binding agent, of any of claims 1, 3, or 5,
wherein the light chain variable region comprises a CDR-L3 region comprising Seq. ID

Neo. 13 (CDRL3 variant 4).

The anti-aP2 monocional antibody, or antigen binding agent, of any of claims 1, 3, or §,
wherein the light chain variable region comprises a CDR-L3 region comprising Seq. 1D

No. 602 (CDRH3 variant 3}.

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 6 or 7, further

comprising a CDR-L2 region comprising Seq. 1D No. 8 (CDRL2).

The anti-aP2Z monoclonal antibody, or antigen binding agent, of claim 6 or 7, further

comprising a CDR-L2 region comprising Seq. 1D No. 598 (CDRL2 variant 1).

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 6, 7, 16 or

17, further comprising a CDR-L3 region comprising Seq. 1D No. 9 (CDRL3).

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 6, 7, 16, or

17, further comprising a CDR-L3 region comprising Seq. ID No. 10 (CDRL3 variant 1)

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 6, 7, 16, or
17, wherein the light chain variable region further comprises a CDR-L3 region

coraprising Seq. ID No. 11 (CDRL3 vanant 2).

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 6, 7, 16, or
17, wherein the light chain vaniable region further comprises a CDR-L3 region

comprising Seq. 1D No. 12 (CDRL3 variant 3).

The anti-aP2 monocional antibody, or antigen binding agent, of any of claims 1 or 6-21,
further comprising a heavy chain variable region comprising one, two, or three
complementarity determining regions (CDR-Hs) independently selected from an amino
acid sequence of a CDR-HI region, an amino acid sequence of a CDR-H2 region, or an
amino acid sequence of a CDR-H3 region,

wherein the amino acid sequence of the CDR-HI region is Seq. ID No. 14 ({CDRH1), or
Seq. ID No. 15 (CDRH!I vanant 1)

wherein the amino acid sequence of the CDR-HZ region ts Seq. 1D No. 16 (CDRH2),

Seq. ID No. 17 (CDRH2 variant 1}, or Seq. ID No. 18 (CDRH2 variant 2); and,
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wherein the amino acid sequence of the CDR-H3 region is selected from Seq. D No. 19
(CDRH3), Seq. ID No. 20 (CDRH3 variant 1), Seq. ID No. 21 (CDRH3 variant 2), or
Seq. ID No. 602 (CDRH3 variant 3).

The anti-aPZ monoclonal antibody, or antigen binding agent, of claim 22, wherein the
one, two, or three CDRHs further comprise a human immunoglobulin framework amino

acid region.

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 22 or 23,
wherein the heavy chain variable region comprises a CDR-HT region comprising Seq. ID

No. 14 (CDRH1).

The anti~aP2 monoclonal antibody, or antigen binding agent, of any of claims 22 or 23,
wherein the heavy chain variable region comprises a CDR-H1 region comprising Seq. 1D

No. 15 (CDRHI1 variant 1),

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 22-25,
wherein the heavy chain variable region comprises a CDR-H2 region comprising Seq. ID

No. 16 (CDRH2).

The anti-aP2 monocional antibody, or antigen binding agent, of any of claims 22-25,
wherein the heavy chain variable region comprises a CDR-HZ region comprising Seq. ID

No. 17 (CDRH2Z variant 1).

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 22-25,
wherein the heavy chain variable region comprises a CDR-H2 region comprising Seq. ID
No. 18 (CDRH2 vaniant 2.

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 22-28,
wherein the heavy chain variable region comprises a CDR-H3 region comprising Seq. [D
No. 19 (CDRH3).

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 22-28,
wherein the heavy chain variable region comprises a CDR-H3 region comprising Seq. ID

No. 20 (CDRH3 variant 1}
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The anti-aP2 monocional antibody, or antigen binding agent, of any of claims 22-28,
wherein the heavy chain variable region coraprises a CDR-H3 region comprising Seq. ID

No. 21 (CDRH3 variant 2).

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 22-28,
wherein the heavy chain variable region comprises a CDR-H3 region comprising Seq. 1D
No. 602 (CDRH3 variant 3}.

~y

The anti-aPZ monoclonal antibody, or antigen binding agent, of any of claims 1-32,
wherein one or more amino acids in a CDR region or framework region is substituted or
removed in order to increase or decrease the binding affinity of the anti-aP2 antibody or

antigen binding agent.

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. 1D No. 446 (909 gL1 Vi-region).

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain vartable region comprises Seq. 1D No. 447 {909 1.1 VL + CL-region}.

The anti-aP2 monocional antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. ID No. 448 (909 gL 10 VL-region).

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. 1D No. 449 (909 gL 10 VL + CL-region).

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. 1D No. 450 (909 gl.54 Vi -region).

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. 1D No. 451 (909 gL.54 VL + CL-region}.

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. 1D No. 452 (909 gL.55 Vi -region).

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. ID No. 453 (909 gL.55 VL + CL-region).

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. 1D No. 487 (909 ¢1.13 VL -region).
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43. The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. 1D No. 488 (909 gL.50 Vi -region).

44,  The anti-aP2 monoclonal antibody, or antigen binding ageut, of claim 1, wherein the light

chain variable region comprises Seq. 1D No. 489 (909 gL13 VL + CL-region).

45. The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 1, wherein the light

chain variable region comprises Seq. 1D No. 490 (9509 gL.50 VL + Cl-region}.

46. The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 36-39,
turther comprising the amino acid substitution C88A in the light chain framework 3

region.

47. The anti-aPZ monoclonal antibody, or antigen binding agent, of claim 1 comprising a
light chain variable region selected from Seq. D No. 446 (909 gl.1 VL-region), Seq. ID
No. 448 (909 gL.10 Vi-region), Seq. II» No. 487 (909 gl.13 VL-region}, Seq. ID No. 438
{909 ¢1.50 VL-region}, Seq. ID No. 450 (909 ¢gl.54 VL-region)}, or Seq. ID No. 452 (909
gl.55 VE-region), and a heavy chain variable region selected from Seq. ID No. 4535
(909gH1 VH region), Seq. ID No. 457 (909gH14 VH region), Seq. ID No. 459 (909
gH1S VH region), Seq. 1D No. 461 (309 gH61 VH region), or Seq. ID No. 463 (909
gH62 VH region).

48.  The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 47, wherein the
light chain variable region further comprising the amino acid substitution C88A in the

light chain framework 3 region.

49. The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 47 comprising the
light chain variable region of Seq. I3 No. 446 (909 gl.1 Vi-region) and the heavy chain
variable region of Seq. ID No. 455 (909gH1 VH region}.

50. The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 47 comprising the
light chain variable region of Seq. I3 No. 448 (909 gl.10 VL-region} and the heavy chain
variable region of Seq. ID No. 459 (909 gH15 VH region)}.

W
i

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 47 comprising the
light chain variable region of Seq. ID No. 450 (909 g1.54 VL.-region) and the heavy chain

variable region of Seq. ID No. 459 (909 ¢H15 VH region).
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The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 1-51, 122~

128, or 132-152 further comprising an IgA heavy chain constant region.

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 1-51, 122~
128, or 132-152 further comprising an IgD heavy chain constant region.

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 1-51, 122-

128, or 132-152 further comprising an IgE heavy chain constant region.

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 1-51, 122-

128, or 132-152 further comprising an IgG heavy chain constant region.

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 1-51, 122~

128, or 132-152 further comprising an IgM heavy chain constant region.

The anti-aP2 antigen binding agent of claims 1-5, wherein the agent is selected from a
Fab fragment, Fab’ fragment, F(ab ) fragment, scFv, scAb, a single domain light chain,
a single domain heavy chain. A diabody, bispecific antibody, triabody, Fab-Fv, Fab-Fv-

Fv, tribody, or a (Fab-Fv)*-Fc.

An anti-aP2 monoclonal antibody, or antigen binding agent, which contacts the aP2
protein of Seq. 1D No. 1 (human aP2 protein) of the amino acid residues 10K, 111, 12V,
138, 38K, 130K, or 132A of Seq. ID No. 1, or an amino acid residue within about 4

angstroms of any of 10K, 11L, 12V, 135, 38K, 130E, or 132A of Seqg. ID No. 1.

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 52, wherein the
epitope binding region further binds an amino acid selected from 37A or 57T.

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 52 or 53, having a
KD for human aP2 protein of about > 107 M.

The anti-aP2 monocional antibody, or antigen binding agent, of any of claims 52-54,
wherein the epitope binding region is contained within a light chain variable region.

An isolated anti-aP2 monoclonal antibody or antigen binding agent comprising a light
chain variable region of Seq. 1D No. 445 (Rabbit Ab 909 Vl-region), and further
optionally comprising a heavy chain variable region of Seq. ID No. 454 (Rabbit Ab 909

VH region).
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An anti-aP2 monoclonal antibody, or antigen binding agent, comprising a light chain
variable region comprising amino acid residue 100Phe or amino acid residues contained
within a complementarity determining region (CDR) selected from:

CDR-L1 amino acid residues 27Glu, 28Asp, or 308er;

and,

CDR-L3 amino acid residues 92Tyr, 93Gly, 94Thr, 95Tyr, 96Ala.

The anti-aP2 monoclonal antibody, or antigen binding ageni, of claim 63, further
J & > ol 3

comprising a heavy chain variable region comprising the amino acid residue 104Leu.

The anti-aP2 monoclonal antibody, or antigen binding agent, of any of claims 63 or 64,
3 2 gag 3

having a KD for human aP2 protein of about > 107 M.

Au anti-aP2 monoclonal antibody, or antigen binding ageunt, of any of claims 1-65, 122-
128, or 132-152 wherein the antibody or antigen binding agent is conjugated to a polymer

selected from starch, albumin, and polyethylene glycol (PEG).

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 66, wheretn the

polymer is PEG having a molecular weight in the range 5 to 50kDa.

An anti-aP2 monoclonal antibedy, or antigen binding agent, of any of claims 1-65, 122-

128, or 132-152 wherein the antibody is a full length antibody.

The anti-aP2 monoclonal antibody, or antigen binding agent, of claim 68, wherein the full

length antibody is selected from the group consisting of an IgGl, 1gG4, and 1gG4P.

An isolated DNA sequence encoding the heavy and/or hight chain(s) of an antibody

according to any one of claims 1-69, 122-128, or 132-152.

A cloning or expression vector comprising one or more DNA sequences selected from
Seq. ID No. 465 (Rabbit Ab 909 VL region {Seq. 1D No. 445) cDNA), Seq. ID No. 466
{Rabbit Ab 909 VH region (Seq. ID No. 454) cDNA), Seq. ID No. 467 (909 gL1 V-
region {Seq. ID No. 446) ¢DNA), Seq. ID No. 468 (909 gL.1 light chain (V + coustant)
(Seq. I No. 447) cDNA), Seq. ID No. 469 (909 gL10 V-region (Seq. ID No. 448)
cDNA), Seq. ID No. 470 (909 gl.10 Light chain (V + constant) (Seq. ID No. 449) cDNA),
Seq. ID No. 471 (909 gl.54 V-region {Seq. 1D No. 450) cDNA), Seq. 1D No. 472 (909
gL.54 light chain {V + constant) (Seq. ID No. 451) ¢cDNA), Seq. ID No. 473 (909 gL55
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V-region {Seq. ID No. 452) ¢cDNA), Seq. I No. 474 (909 gL55 light chain (V +
constant) {Seq. ID No. 453) ¢DNA), Seq. ID No. 475 (909gHT V-region (Seq. 1D No.
455) ¢cDNA), Seq. 1D No. 476 (909 gH1 Ig(G4 heavy chain {(V + human y-4P constant)
Seq. ID No. 456) cDNA), Seq. ID No. 477 (909gHIS V-region (Seq. ID No. 459)
cDNA), Seq. 1D No. 478 (909 gH15 Ig(G4 heavy chain (V + human gamma-4P constant)
{Seq. ID No. 460) cDNA), Seq. ID No. 489 (909 gL.13 VL + CL-region), or Seq. 1D 490
(909 gL.50 VL + Cl-region).

~3
N

A host cell comprising one or more cloning or expression vectors of claim 71,

~1
(4l

A process for the production of an antibody or antigen binging agent having binding
specificity for human aP2, comprising culturing the host cell of claim 72 and isolating the
anttbody.

74. A pharmaceutical composition comprising an anti-aP2 monoclonal antibody or antigen
binding agent as defined in any one of claims 1-69 in combination with oune or more of a

pharmaceutically acceptable excipient, diluent or carrier.

~J
W

A pharmaceutical composition according to claim 74, additionally comprising one or

more additional agents useful in treating a disorder.

76.  An antibody, or antigen binding agent, as defined in any one of claims 1-69, 122-128, or

132-152 or a composition as defined in claims 74 or 75, for use in therapy.

77.  An aoti-aP2 monoclonal antibody, or antigen binding ageunt, as defined in any one of
claims 1-69, 122-128, or 132-152 or a composition as defined in claims 74 or 75, for use
in the treatment of a metabolic disorder, an inflammation disorder, a body weight

disorder, a cardiovascular disorder, or a neoplastic disorder.

78. The anti-aP2 monoclonal antibody or antigen binding agent, of claim 77, wherein the
disorder is diabetes, obesity, dyslipidenua, fatty liver disease, cancer, atherosclerosis,
polycystic ovary syndrome, or peri- or post-menopausal heart disease.

79. A method of preventing or attenuating the severity of an aP2-mediated disorder in a host
coruprising adounistering a therapeutically effective amount of an antibody, or antigen
binding agent, as defined in any one of claims 1-69, 122-128 or 132-152 or a

composition as defined in claim 74 or claim 75.
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80, The method of claim 79, wherein the disorder is Type I diabetes.

81, The method of claim 79, wherein the disorder is obesity.

82. The method of claim 79, wherein the disorder is dyslipidenua.

33. The method of claim 79, wherein the disorder is fatty liver disease.

R4, The method of claim 79, wherein the disorder is atherosclerosis.

85. The method of claim 79, wherein the disorder is polycystic ovary syndrome.

86. The method of claim 79, wherein the disorder is cancer.

87. The method of claim 79, wherein the disorder is a peri- or post-menopausal associated

cardiovascular disorder.

88, A method of reducing total cholesterol levels in a host comprising administering a
therapeutically effective amount of an antibody, or antigen binding agent, as defined in
any one of claims 1-69, 100-111, 122-152, or a composition as defined in claim 74 or

claim 75.

&89 A method of reducing high density lipoprotein, low density lipoprotein, very low density
lipoprotetn, and/or triglyceride tevels in a host comprising administering a therapeutically
effective amount of an antibody, or antigen binding agent, as defined in any one of claims

1-69, 100-111, 122-152, or a compostiion as defined in claim 74 or claim 75.

90. A method of reducing fasting blood glucose levels in a host comprising administering a
therapeutically effective amount of an antibody, or antigen binding agent, as defined in
any one of claims 1-69, 100-111, 122-152, or a composition as defined in claim 74 or

claim 75.

91, A method of reducing fat mass levels in a host comprising administering a therapeutically
effective amount of an antibody, or antigen binding agent, as defined in any one of claims
1-69, 100-111, 122-152, or a composition as defined in claim 74 or claim 75

92. A method of reducing hepatic glucose production in a host comprising administering a
therapeutically effective amount of an antibody, or antigen binding agent, as defined in
any one of claims 1-69, 100-111, 122-152, or a composition as defined in claim 74 or

claim 75.
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93. A method of reducing fat cell lipolysis in a host comprising administering a
therapeutically effective amount of an antibody, or antigen binding agent, as defined in
any one of claims 1-69, 100-111, 122-152, or a composition as defined in claim 74 or

claim 75.

94, A method of reducing bhyperinsulinemia v a host comprising administering a
therapeutically effective amount of an antibody, or antigen binding agent, as defined in
any one of claims 1-69, 100-111, 122-152, or a composition as defined in claim 74 or

claim 75.

95. A method of reducing liver steatosis in a host comprising administering a therapeutically
effective amount of an antibody, or antigen binding agent, as defined in any one of claims

1-69, 100-111, 122-152, or a composition as defined in claim 74 or claim 75,

96. A method of increasing glucose metabolism in a host comprising administering a
therapeutically effective amount of an antibody, or antigen binding agent, as defined in
any one of claims 1-69, 100-111, 122-152, or a composition as defined in claim 74 or

claim 75.

97. A method of increasing insulin sensitivity in a host comprising administering a
therapeutically effective amount of an antibody, or antigen binding agent, as defined in
any one of claims 1-69, 100-111, 122-152, or a composition as defined in claim 74 or

claim 75.

98. A method of increasing insulin expression in a host comprising administering a
therapeutically effective amount of an antibody, or antigen binding agent, as defined in
any one of claims 1-69, 100-111, 122-152, or a composition as defined in claim 74 or
claim 75.

99, A method for preventing islet B-cell death, dystunction, or loss in a host comprising
administering a therapeutically effective amount of an antibody, or antigen binding agent,
as defined in any one of claims 1-69, 100-111, 100-111, 122-152, or a composition as

defined in claim 74 or claim 75.
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An anti-aP2 antibody, or antigen binding agent, which binds to an epitope comprising at
least one residue selected from 10K, 38K, 12V, 11L, 130E, 132A, and 138 of SEQ. ID

Neo. 1 ¢human aP2 protein).

An anti-aP2 monoclonal antibody, or antigen binding agent, which binds to an epitope
comprising at least three residues selected from 10K, 38K, 12V, 11L, 130K, 1324, 135,
57T, and 37A of SEQ ID NO. 1 (human aP2 protein).

The anti-aP2 monoclonal antibody or antigen binding agent of claim 100 or 101, wherein
the epitope comprises 10K of SEQ ID NG. 1 (human aP2 protein).

The anti-aP2 monocional antibody or antigen binding agent of claims 100-102, wherein
the epitope comprises 38K of SEQ ID NO. 1 (human aP2 protein).

The anti-aP2 monoclonal antibody or antigen binding agent of claim 100-103, wherein
the epitope comprises 12V of SEQ ID NG, 1 {(human aP2 protein}.

The anti-aP2 monoclonal antibody or antigen binding agent of claims 100-104, wherein
the epttope comprises 11L of SEQ ID NO. 1 (human aP2 protein).

The anti-aP2 monoclonal antibody or antigen binding agent of claims 100-105, wherein
the epitope comprises 130E of SEQ ID NO. 1 (human aP2 protein).

The anti-aP2 monoclonal antibody or antigen binding agent of claims 100-106, wherein
the epitope comprises 132A of SEQ ID NG, 1 (human aP2 protein)}.

The anti-aP2 monoclonal antibody or antigen binding agent of claims 100-107, wherein
the epitope comprises 138 of SEQ ID NO. | (human aP2 protein).

The anti-aP2 monoclonal antibody or antigen binding agent of claims 100-108, wherein
the epitope comprises 57T of SEQ 1D NG, 1 (human aP2 protein).

The anti-aP2 monoclonal antibody or antigen binding agent of claims 100-109, wherein
the epitope comprises 37A of SEQ ID NO. 1 (hursan aP2 protein).

The anti-aP2 monoclonal antibody or antigen binding agent according to any one of
claims 100-110, which has an affinity (KD} for SEQ ID NO: 1 of > 500nM, 500nM-
10uM, 1-7uM, or 2-5uM.
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112, The anti-aP2? monoclonal antibody or antigen binding agent according to any one of
claims 100-111 for use in the treatment of a metsbolic disorder, an inflammation

disorder, a body weight disorder, a cardiovascular disorder, or a neoplastic disorder.

113, The anti-aP2 monoclonal antibody or antigen binding agent according to any one of any
one of claims 100-111 for use in the treatment of diabetes, obesity, dyslipidemia, fatty
liver disease, cancer, atherosclerosis, polycystic ovary syndrome, of peri- or post-

menopausal associated cardiovascular disease.

114, An anti-aP2 monoclonal antibody or antigen binding agent according to anvy one of
J 2 2 e o

claims 100-111, which is a humanized antibody.

115, An anti-aP2 monoclonal antibody or antigen binding agent according to any one of
claims 100-111, which 1s a Fab, modified Fab, Fab’, modified Fab’, F(ab’ ), Fv, single

domain antibody or an scFv.

116, An anti-aP2 monoclonal antibody or antigen binding agent which competes for binding to
SEQ 1D NO. 1 (human aP2 protein) with an antibody as defined in any one of the

preceding claims.

117, An anti-aP2 antibody, or antigen binding agent, which has an affinity (KD) for SEQ ID
NO. 1 (human aP2 protein) of > 500nM, for use in the treatment of a metabolic disorder,
an inflammation disorder, a body weight disorder, a cardiovascular disorder, or a

neoplastic disorder.

18, An anti-aP2 antibody, or antigen binding agent, which has an atfinity (KD} for SEQ ID
NOG. 1 (human aP2 protein) of > 500nM, for use in the treatment of diabetes, obesity,
dyslipidemia, fatty liver disease, cancer, atherosclerosis, or polycystic ovary syndrome.

119, The anti-aP2 monoclonal antibody or antigen binding agent of claim 117 or 118, wherein

the KD is 500 nM-10 pM.

120, The anti-aP2 monoclonal antibody or antigen binding agent of claim 117 or 118, wherein

the KD is 1-7 uM.

121, The anti-aP2 monoclonal antibody or antigen binding agent of claim 117 or 118, wherein

the KD is 2-5 uM.
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122.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 452 (909 gL.55 VL -region) and the heavy chain variable
region of Seq. 1D No. 459 (909 gH1S VH region).

123, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. 1D No. 487 (909 gl.13 VL-region) and the heavy chain variable
region of Seq. ID No. 459 (909 gH15 VH region).

124, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 488 (909 gL.50 VL -region) and the heavy chain variable
region of Seq. 1D No. 459 (909 gH15 VH region).

125, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. 1D No. 448 (909 gl.10 VL-region) and the heavy chain variable
region of Seq. ID No. 455 (909gHT VH region).

126.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 450 (909 ¢1.54 Vi -region) and the heavy chain variable
region of Seq. I No. 455 (909gH1 VH region).

127, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. 1D No. 487 (909 gl.13 Vi-region) and the heavy chain variable
region of Seq. 1D No. 455 (909gH T VH region).

128 The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 488 (909 ¢1.50 VL -region) and the heavy chain variable
region of Seq. ID No. 455 (909gH1 VH region).

129, Ao anti-Ap2 antigen binding agent comprising at least one or more CDRs selected from
Seq. ID Nos. 7-21, wherein the CDR is grafted onto a non-Ig framework.

130.  The antigen binding agent of claim 129, wherein the non-Ig framework is fibronectin.

131.  The antigen binding agent of claim 129, wherein the non-Ig framework is a leucine

zipper.
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132, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 446 (909 gl.1 VL-region) and the heavy chain variable

region of Seq. 1D No. 459 (909 gH15 VH region).

133,  The anti-aP2 antibody, or antigen binding agent, of claim 1, wherein the light chain
variable region comprises Seq. 1D No. 447 (909 ¢gl.1 VL + Cl-region), and wherein the
anti-aP2 antibody or antigen binding agent further comprises Seq. ID No. 460 (909gH15
IgG4 VH + human v-4P constant).

134, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 446 (909 gLl Vi-region) and the heavy chain variable
region of Seq. ID No. 457 (909gH 14 VH region).

135, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 446 (909 gl.1 Vi-region) and the heavy chain variable

region of Seq. 1D No. 461 (909 gH61 VH region).

136.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chatn
variable region of Seq. ID No. 446 (909 gLl Vi-region) and the heavy chain variable
region of Seq. ID No. 463 (909 gH62 VH region).

137.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 448 (909 gL10 VL-region) and the heavy chain variable
region of Seq. 1D No. 457 (909gH14 VH region).

138.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chatn
variable region of Seq. ID No. 448 (909 gL.10 VL-region) and the heavy chain variable
region of Seq. ID No. 461 (909 gH61 VH regton).

139, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 448 (909 gL10 VL-region) and the heavy chain variable
region of Seq. 1D No. 463 (909 gH62 VH region).

140.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. 1D No. 487 (909 gl.13 VL-region) and the heavy chain variable
region of Seq. ID No. 457 (909¢gH 14 VH region).
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141, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 487 (909 gl.13 VL-region) and the heavy chain variable
region of Seq. 1D No. 461 (909 gH61 VH region).

142, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. 1D No. 487 (909 gl.13 VL-region) and the heavy chain variable
region of Seq. ID No. 463 (909 gH6Z VH region).

143.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 488 (909 gL.50 VL -region) and the heavy chain variable
region of Seq. 1D No. 457 (909gH14 VH region).

{44, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. 1D No. 488 (909 gl.50 VL-region) and the heavy chain variable
region of Seq. ID No. 461 (909 gHo1 VH region).

145. The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 488 (909 ¢1.50 VL -region) and the heavy chain variable

region of Seq. I No. 463 (909 gH62 VH region).

146, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. IID No. 450 (909 gl.54 Vi-region) and the heavy chain variable

region of Seq. ID No. 457 (909gH 14 VH region).

147, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 450 (909 ¢1.54 Vi -region) and the heavy chain variable

region of Seq. ID No. 461 (909 gH61 VH region).

148.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 450 (909 glL54 VLi-region) and the heavy chain variable

region of Seq. ID No. 463 (909 gH6Z VH region).

149, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 452 (909 gL.55 VLi-region} and the heavy chain variable

region of Seq. ID No. 455 (909gHT VH region).
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150.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 452 (909 gL.55 VL -region) and the heavy chain variable
region of Seq. 1D No. 457 (909gH14 VH region).

151, The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. 1D No. 452 (909 gl.55 VL-region) and the heavy chain variable
region of Seq. ID No. 461 (909 gHo1 VH region).

152.  The anti-aP2 antibody, or antigen binding agent, of claim 47 comprising the light chain
variable region of Seq. ID No. 452 (909 gL.55 VL -region) and the heavy chain variable
region of Seq. I No. 463 (909 gH62 VH region).
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