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(57) Abstract: Antigen binding proteins that activate LCAT are provided. Nucleic acids encoding the antigen binding proteins and
vectors and cells containing such nucleic acids are also provided. The antigen binding proteins have value in therapeutic methods in
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cordingly, the antigen binding proteins have utility in the treatment and prevention of atherosclerosis, various cardiovascular dis -
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insulin-resistance. The LCAT antigen binding proteins are also useful in treating the consequences, symptoms, and/or pathology as
sociated with either genetic or acquired LCAT deficiency, including chronic kidney disease (CKD).



AGONISTIC HUMAN LCAT ANTIGEN BINDING

PROTEINS AND THEIR USE IN THERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.

61/568,448, filed December 8, 2011, and U.S. Provisional Application No. 61/731,408, filed

November 29, 2012, which is hereby incorporated by reference

REFERENCE TO THE SEQUENCE LISTING

[0002] The present application is being filed along with a Sequence Listing in

electronic format via EFS-Web. The Sequence Listing is provided as a text file entitled

A1678WOPCTst25.txt, created December 5, 2012, which is 258,355 bytes in size. The

information in the electronic format of the Sequence Listing is incorporated herein by reference

in its entirety.

BACKGROUND

[0003] Over 50 million Americans have cardiovascular problems, and many other

countries face high and increasing rates of cardiovascular disease. It is the number one cause of

death and disability in the United States and most European countries. By the time that heart

problems are detected, the underlying cause, atherosclerosis, is usually quite advanced, having

progressed for decades.

[0004] Atherosclerosis is a polygenic complex disease of mammals characterized by the

deposits or plaques of lipids and other blood derivatives in the arterial walls (aorta, coronary

arteries, and carotid). These plaques can be calcified to a greater or lesser extent according to

the progression of the process. They are also associated with the accumulation of fatty deposits

consisting mainly of cholesterol esters in the arteries. Cholesterol accumulates in the foam cells

of the arterial wall, thereby narrowing the lumen and decreasing the flow of blood. This is

accompanied by a thickening of the arterial wall, with hypertrophy of the smooth muscle, the

appearance of foam cells and the accumulation of the fibrous tissue. Hypercholesterolemia can

therefore result in very serious cardiovascular pathologies such as infarction, peripheral

vascular disease, stroke, sudden death, cardiac decompensation, cerebral vascular accidents and

the like.



[0005] The cholesterol is carried in the blood by various lipoproteins including the very

low-density lipoprotein (VLDL), the low-density lipoproteins (LDL) and the high-density

lipoproteins (HDL). The VLDL is synthesized in the liver and is converted to LDL in the

blood, which makes it possible to supply the peripheral tissues with cholesterol. In contrast, the

HDL captures cholesterol molecules from the peripheral tissues and transports them to the liver

where they are converted to bile acids and excreted. The development of atherosclerosis and

the risk of coronary heart disease (CHD) inversely correlate to the levels of HDL in the serum.

Gordon et al. (1989) N. Engl. J . Med. 321: 1311; Goldbourt et al. (1997) Thromb Vase. Biol.

17: 107. Low HDL cholesterols often occur in the context of central obesity, diabetes and other

features of the metabolic syndrome. Goldbourt et al, supra. It has been suggested that low

HDL cholesterol levels are associated with an increased risk of CHD, while high concentrations

of HDL have a protective effect against the development of premature atherosclerosis. Gordon

et al. (1986) Circulation 74: 1217. Studies demonstrated that the risk for developing clinical

atherosclerosis in men drops 2-3% with every 1 mg/dL increase in the concentration of HDL in

plasma. Gordon et al. (1989) N. Engl. J . Med. 321: 1311. It has been established that

concentrations of LDL cholesterol can be reduced by treatment with statins, inhibitors of the

cholesterols biosynthesis enzyme 3-hydroxyl-3-methylglutary Coenzyme A reductase and

thereby this treatment has been used as a successful approach for reducing the risk for

atherosclerosis where the primary indication is high LDL level. However, it remains unclear

whether statins are beneficial for patients whose primary lipid abnormality is low HDL

cholesterol.

[0006] Lecithin-cholesterol acyltransferase (LCAT) is an enzyme which catalyses the

esterification of free cholesterol by the transfer of an acyl group from phosphatidylcholine onto

3-hydroxyl group of the cholesterol, forming cholesteryl ester and lysophosphatidylcholine.

McLean et al. (1986) Proc. Natl. Acad. Sci. 83: 2335 and McLean et al. (1986) Nucleic Acids

Res. 14(23): 9397. LCAT is synthesized in the liver and secreted into the plasma, where it is

combined with HDL, called anti-atherogenic lipoproteins. These HDL particles have the

capacity to accept the excess cholesterol, which is then esterified by LCAT in the HDL

particles. The cholesteryl ester molecules in the HDL particles are either transported to the liver

directly through SR-BI receptor, or transferred to apoB-containing lipoproteins, including very

low density lipoproteins (VLDL) and LDL, mediated by CETP, and then transported to the

liver through LDL-receptor pathway. This mechanism, called reverse cholesterol transport

(Glomset (1968) J . Lipid Res. 9:155), allows the removal of excess cholesterol from the body,

and therefore is involved in the prevention of atherogenesis. LCAT plays a key role in this



process by creating a gradient of free cholesterol between the plasma membranes and the

circulating lipoproteins in favor of cholesterol efflux from peripheral tissues and cell

membranes into the plasma compartment.

[0007] Presently there are no approved drugs that directly increase the reverse

cholesterol pathway. Instead, the approaches taken to increase HDL involve an increase in the

synthesis and secretion of apoA-I, the major protein in HDL and/or a decrease in HDL

catabolism. Several agents increase HDLc levels. See Linsel-Nitschke P, et al., Nat Rev Drug

Discov. 2005; 4(3): 193-205. Gemfibrozil is an example of such a drug and is a member of a

class of drugs called fibrates, which are fibric acid derivatives (bezafibrate, fenofibrate,

gemfibrozil and clofibrate) that are thought to act on the liver. This family of compounds cause

a significant lowering of plasma triglyceride levels and elevate HDLc. The typical clinical use

of fibrates is in patients with hypertriglyceridemia, low HDLc and combined hyperlipidemia.

The mechanism of action of fibrates involves the induction of certain apolipoproteins and

enzymes involved in VLDL and HDL metabolism. See Staels B, et al, Diabetes 2005,

54:2460-2470 and Meyers C. D., et al, Curr Opin Cardiol. 2005; 20(4):307-12.

[0008] Nicotinic acid (niacin), a water-soluble vitamin, has also been used in the

treatment of cardiovascular disease. It has a lipid lowering profile similar to fibrates and may

target the liver. Niacin is reported to act by increasing apoA-I by selectively decreasing hepatic

removal of HDL apoA-I. Niacin, however, does not increase the selective hepatic uptake of

cholesteryl esters. See Meyers C D, et al., Curr Opin Cardiol. 2005; 20(4):307-12.

[0009] The steroids dexamethasone, prednisone, and estrogen activate the apoA-I gene,

increase apoA-I and HDL cholesterol, reduce lipoprotein B, and reduce LDL. The attendant

side effects of such steroids limit their chronic use in atherosclerosis.

[0010] There thus remains a need for other options for treating and preventing diseases

associated with elevated cholesterol levels, such as cardiovascular disease, atherosclerosis,

inflammatory disease and thrombosis related diseases associated with high serum cholesterol.

SUMMARY

[0011] Antigen binding proteins that activate the enzyme LCAT are described herein.

The ability to develop of antigen binding proteins that can act as agonists of LCAT is surprising

because it would not have been expected that an antigen binding protein such as an antibody or

antibody fragment would be capable of activating an enzyme. Given the role that LCAT plays

in cholesterol transport via HDL particles, the antigen binding proteins that are provided have

utility in therapeutic methods in which it is useful to modulate HDL particle size, increase



plasma levels of HDL-C, and increase reverse cholesterol transport. The antigen binding

proteins thus have utility in the treatment and prevention of a variety of diseases, including

atherosclerosis, various cardiovascular diseases and cholesterol-related disorders, inflammatory

conditions, thrombosis-related conditions, metabolic syndrome, diabetes and insulin-resistance.

The LCAT antigen binding proteins are also useful in treating the consequences, symptoms,

and/or pathology associated with either genetic or acquired LCAT deficiency and chronic

kidney disease (CKD).

[0012] In a first embodiment, antigen binding proteins that bind to a human LCAT

polypeptide are provided.

[0013] In a second embodiment, the antigen binding protein is a human antigen binding

protein.

[0014] In a third embodiment, the human antigen binding protein is a human antibody.

[0015] In a fourth embodiment, the antigen binding protein of any of the foregoing

embodiments binds to human LCAT having the sequence shown in SEQ ID NO: 1 and/or that

shown in SEQ ID NO:2. In one aspect the antigen binding protein binds to either of these

human LCAT proteins in their active form.

[0016] In a fifth embodiment, any antigen binding protein of any of the foregoing four

embodiments has one or more of the following characteristics:

[0017] (a) binds to the human LCAT polypeptide of SEQ ID NO:l with a KD of less

than 50 nM; and

[0018] (b) binds to human LCAT with KD of less than 50 nM and cyno LCAT with KD

of less than 500 nM.

[0019] In a sixth embodiment, the antigen binding protein of any of the foregoing five

embodiments comprises

[0020] (a) one or more heavy chain complementary determining regions (CDRHs)

selected from the group consisting of:

[0021] i . a CDRH1 selected from the group consisting of SEQ ID NO: 81-92;

[0022] ii. a CDRH2 selected from the group consisting of SEQ ID NO:93-94;

[0023] iii. a CDRH3 selected from the group consisting of SEQ ID NO:95-

1 1 1; and

[0024] iv. a CDRH of (i), (ii) or (iii) that contains one or more amino acid

substitutions, deletions or insertions totaling no more than 4 amino acids;

[0025] (b) one or more light chain complementary determining regions (CDRLs)

selected from the group consisting of:



[0026] a CDRLl selected from the group consisting of SEQ ID NO: 112-

113;

[0027] 11. a CDRL2 selected from the group consisting of SEQ ID NO: 114-

115;

[0028] 111. a CDRL3 selected from the group consisting of SEQ ID NO: 116-

120; and

[0029] IV. a CDRL of (i), (ii) or (iii) that contains one or more amino acid

substitutions, deletions or insertions totaling no more than 4 amino acids; or

[0030] (c) one or more CDRHs of (a) and one or more CDRLs of (b).

[0031] In a seventh embodiment, the antigen binding protein comprises a CDRH3 and a

CDRL3 as described for the sixth embodiment.

[0032] In an eighth embodiment, the CDRH3 of the antigen binding protein comprises

SEQ ID NO: 95 and the CDRL3 of the antigen binding protein comprises SEQ ID NO: 116, or

the CDRH3 comprises SEQ ID NO: 111 and the CDRL3 comprises SEQ ID NO: 120.

[0033] In a ninth embodiment, an isolated antigen binding protein of any of the

foregoing embodiments comprises

[0034] a CDRH selected from the group consisting of

[0035] i . a CDRH1 selected from the group consisting of SEQ ID NO:81-92;

[0036] ii. a CDRH2 selected from the group consisting of SEQ ID NO:93-94;

and

[0037] iii. a CDRH3 selected from the group consisting of SEQ ID

NO:95-ll l ;

[0038] a CDRL selected from the group consisting of

[0039] i . a CDRLl selected from the group consisting of SEQ ID NO: 112-

113;

[0040] ii. a CDRL2 selected from the group consisting of SEQ ID NO: 114-

115; and

[0041] iii. a CDRL3 selected from the group consisting of SEQ ID NO: 116-

120; or

[0042] (c) one or more CDRHs of (a) and one or more CDRLs of (b).

[0043] In a tenth embodiment, the antigen binding protein comprises

[0044] (a) a CDRHl of SEQ ID NO:81, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 16;



[0045] (b) a CDRH1 of SEQ ID NO: 82, a CDRH2 of SEQ ID NO::93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO:l 12, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0046] (c) a CDRH1 of SEQ ID NO:83, a CDRH2 of SEQ ID NO::93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0047] (d) a CDRH1 of SEQ ID NO: 84, a CDRH2 of SEQ ID NO::93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0048] (e) a CDRH1 of SEQ ID NO:85, a CDRH2 of SEQ ID NO::93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0049] ( ) a CDRH1 of SEQ ID NO:86, a CDRH2 of SEQ ID NO::93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0050] (g) a CDRH1 of SEQ ID NO: 87, a CDRH2 of SEQ ID NO::93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0051] (h) a CDRH1 of SEQ ID NO: 88, a CDRH2 of SEQ ID NO::93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0052] (i) a CDRH1 of SEQ ID NO:89, a CDRH2 of SEQ ID N O :93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0053] (j) a CDRH1 of SEQ ID NO: 90, a CDRH2 of SEQ ID N O :93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0054] (k) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO::93, a CDRH3 of

SEQ ID NO::95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;

[0055] (1) a CDRH1 of SEQ ID NO: 81, a CDRH2 of SEQ ID N O :93, a CDRH3 of

SEQ ID NO::96, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 116;



[0056] (m) a CDRHl of SEQ ID O:81, a CDRH2 of SEQ ID O:93, a CDRH3 of

SEQ ID NO:97, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 16;

[0057] (n) a CDRH1 of SEQ ID NO:81, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:98, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 16;

[0058] (o) a CDRH1 of SEQ ID NO:81, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:99, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 16; or

[0059] (p) a CDRH 1 of SEQ ID NO:92, a CDRH2 of SEQ ID NO:94, a CDRH3 of

SEQ ID NO: 111, a CDRLl of SEQ ID NO: 113, a CDRL2 of SEQ ID NO: 115, and a CDRL3

of SEQ ID NO: 120.

[0060] In an eleventh embodiment, the antigen binding protein comprises

[0061] (a) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 96, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 16;

[0062] (b) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:97, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 16;

[0063] (c) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:98, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 16;

[0064] (d) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:99, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 16;

[0065] (e) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 100, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16;

[0066] (f) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 101, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16;

[0067] (g) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 102, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16;



[0068] (h) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 103, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16;

[0069] (i) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 104, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16;

[0070] G) a CDRHl of SEQ ID NO: 91, a CDRH2 of SEQ ID NO: 93, a CDRH3 of

SEQ ID NO: 105, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16;

[0071] (k) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 106, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16;

[0072] (1) a CDRHl of SEQ ID NO: 91, a CDRH2 of SEQ ID NO: 93, a CDRH3 of

SEQ ID NO: 107, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16;

[0073] (m) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 108, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16;

[0074] (n) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 109, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 116; or

[0075] (o) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 110, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 16.

[0076] In a twelfth embodiment, the antigen binding protein comprises

[0077] (a) a CDRHl of SEQ ID NO: 91, a CDRH2 of SEQ ID NO: 93, a CDRH3 of

SEQ ID NO:95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 17;

[0078] (b) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 96, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 1 ;

[0079] (c) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:97, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 1 ;



[0080] (d) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:98, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 17;

[0081] (e) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:99, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 17;

[0082] (f) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 100, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 17;

[0083] (g) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 101, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 17;

[0084] (h) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 102, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 17;

[0085] (i) a CDRHl of SEQ ID NO: 91, a CDRH2 of SEQ ID NO: 93, a CDRH3 of

SEQ ID NO: 103, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 17;

[0086] G) a CDRHl of SEQ ID NO: 91, a CDRH2 of SEQ ID NO: 93, a CDRH3 of

SEQ ID NO: 104, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 17;

[0087] (k) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 105, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 17;

[0088] (1) a CDRHl of SEQ ID NO: 91, a CDRH2 of SEQ ID NO: 93, a CDRH3 of

SEQ ID NO: 106, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 17;

[0089] (m) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 107, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 17;

[0090] (n) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 108, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 17;



[0091] (o) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 109, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

ofSEQ ID NO:117; or

[0092] (p) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 110, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

ofSEQ ID NO:117.

[0093] In a thirteenth embodiment, the antigen binding protein comprises

[0094] (a) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 18;

[0095] (b) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 96, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 18;

[0096] (c) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:97, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 18;

[0097] (d) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:98, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 18;

[0098] (e) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:99, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 18;

[0099] (f) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 100, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18;

[00100] (g) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 101, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18;

[00101] (h) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 102, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18;

[00102] (i) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 103, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18;



[00103] G) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 104, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18;

[00104] (k) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 105, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18;

[00105] (1) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 106, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18;

[00106] (m) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 107, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18;

[00107] (n) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 108, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18;

[00108] (o) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 109, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18; or

[00109] (p) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 110, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 18.

[00110] In a fourteenth embodiment, the antigen binding protein comprises

[00111] (a) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO:95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 19;

[00112] (b) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 96, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 19;

[00113] (c) a CDRHl of SEQ ID NO:91, a CDRH2 ofSEQ ID NO:93, a CDRH3 of

SEQ ID NO:97, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 19;

[00114] (d) a CDRHl of SEQ ID NO:91, a CDRH2 ofSEQ ID NO:93, a CDRH3 of

SEQ ID NO:98, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 19;



[00115] (e) a CDRH1 of SEQ ID O:91, a CDRH2 of SEQ ID O:93, a CDRH3 of

SEQ ID NO:99, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of

SEQ ID NO: 1 19;

[00116] (f) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 100, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19;

[00117] (g) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 101, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19;

[00118] (h) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 102, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19;

[00119] (i) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 103, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19;

[00120] G) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 104, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19;

[00121] (k) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 105, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19;

[00122] (1) a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 106, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19;

[00123] (m) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 107, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19;

[00124] (n) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 108, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19;

[00125] (o) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 109, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

of SEQ ID NO: 1 19; or



[00126] (p) a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of

SEQ ID NO: 110, a CDRL1 of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3

ofSEQ ID NO:119.

[00127] In a fifteenth embodiment, the antigen binding protein of any of the foregoing

embodiments comprises a heavy chain variable region (VH) and/or a light chain variable region

(VL), wherein

[00128] (a) the VH has at least 90% sequence identity with the amino acid sequence

selected from the group consisting of SEQ ID NO:45-75; and

[00129] (b) the VL has at least 90% sequence identity with the amino acid sequence

selected from the group consisting of SEQ ID NO:76-80.

[00130] In a sixteenth embodiment, the antigen binding protein of any of the foregoing

embodiments comprises a heavy chain variable region (VH) and/or a light chain variable region

(VL), wherein

[00131] (a) the VH has at least 90% sequence identity with the amino acid sequence

of SEQ ID NO:45 and the VL has at least 90% sequence identity with the amino acid sequence

of SEQ ID NO:76; or

[00132] (b) the VH has at least 90% sequence identity with the amino acid sequence

of SEQ ID NO:75 and the VL has at least 90% sequence identity with the amino acid sequence

of SEQ ID NO:80.

[00133] In a seventeenth embodiment, the antigen binding protein of any of the

foregoing embodiments comprises a heavy chain variable region (VH) and a light chain

variable region (VL), wherein

[00134] (a) the VH comprises the amino acid sequence of SEQ ID NO:45 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00135] (b) the VH comprises the amino acid sequence of SEQ ID NO:46 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00136] (c) the VH comprises the amino acid sequence of SEQ ID NO:47 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00137] (d) the VH comprises the amino acid sequence of SEQ ID NO:48 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00138] (e) the VH comprises the amino acid sequence of SEQ ID NO:49 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00139] (f) the VH comprises the amino acid sequence of SEQ ID NO:50 and the

VL comprises the amino acid sequence of SEQ ID NO:76;



[00140] (g) the VH comprises the amino acid sequence of SEQ ID NO:51 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00141] (h) the VH comprises the amino acid sequence of SEQ ID NO:52 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00142] (i) the VH comprises the amino acid sequence of SEQ ID NO:53 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00143] (j) the VH comprises the amino acid sequence of SEQ ID NO:54 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00144] (k) the VH comprises the amino acid sequence of SEQ ID NO:55 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00145] (1) the VH comprises the amino acid sequence of SEQ ID NO:56 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00146] (m) the VH comprises the amino acid sequence of SEQ ID NO:57 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00147] (n) the VH comprises the amino acid sequence of SEQ ID NO:58 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00148] (o) the VH comprises the amino acid sequence of SEQ ID NO:59 and the

VL comprises the amino acid sequence of SEQ ID NO:76; or

[00149] (p) the VH comprises the amino acid sequence of SEQ ID NO:75 and the

VL comprises the amino acid sequence of SEQ ID NO:80.

[00150] In an eighteenth embodiment, the antigen binding protein of any of the

foregoing embodiments comprises a heavy chain variable region (VH) and a light chain

variable region (VL), wherein

[00151] (a) the VH comprises the amino acid sequence of SEQ ID NO:60 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00152] (b) the VH comprises the amino acid sequence of SEQ ID NO:61 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00153] (c) the VH comprises the amino acid sequence of SEQ ID NO:62 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00154] (d) the VH comprises the amino acid sequence of SEQ ID NO:63 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00155] (e) the VH comprises the amino acid sequence of SEQ ID NO:64 and the

VL comprises the amino acid sequence of SEQ ID NO:76;



[00156] (f) the VH comprises the amino acid sequence of SEQ ID NO:65 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00157] (g) the VH comprises the amino acid sequence of SEQ ID NO:66 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00158] (h) the VH comprises the amino acid sequence of SEQ ID NO:67 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00159] (i) the VH comprises the amino acid sequence of SEQ ID NO:68 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00160] (j) the VH comprises the amino acid sequence of SEQ ID NO:69 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00161] (k) the VH comprises the amino acid sequence of SEQ ID NO:70 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00162] (1) the VH comprises the amino acid sequence of SEQ ID NO:71 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00163] (m) the VH comprises the amino acid sequence of SEQ ID NO:72 and the

VL comprises the amino acid sequence of SEQ ID NO:76;

[00164] (n) the VH comprises the amino acid sequence of SEQ ID NO:73 and the

VL comprises the amino acid sequence of SEQ ID NO:76; or

[00165] (o) the VH comprises the amino acid sequence of SEQ ID NO:74 and the

VL comprises the amino acid sequence of SEQ ID NO:76.

[00166] In a nineteenth embodiment, the antigen binding protein of any of the foregoing

embodiments comprises a heavy chain variable region (VH) and a light chain variable region

(VL), wherein

[00167] (a) the VH comprises the amino acid sequence of SEQ ID NO:55 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00168] (b) the VH comprises the amino acid sequence of SEQ ID NO:60 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00169] (c) the VH comprises the amino acid sequence of SEQ ID NO:61 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00170] (d) the VH comprises the amino acid sequence of SEQ ID NO:62 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00171] (e) the VH comprises the amino acid sequence of SEQ ID NO:63 and the

VL comprises the amino acid sequence of SEQ ID NO:77;



[00172] (f) the VH comprises the amino acid sequence of SEQ ID NO:64 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00173] (g) the VH comprises the amino acid sequence of SEQ ID NO:65 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00174] (h) the VH comprises the amino acid sequence of SEQ ID NO:66 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00175] (i) the VH comprises the amino acid sequence of SEQ ID NO:67 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00176] (j) the VH comprises the amino acid sequence of SEQ ID NO:68 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00177] (k) the VH comprises the amino acid sequence of SEQ ID NO:69 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00178] (1) the VH comprises the amino acid sequence of SEQ ID NO: 0 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00179] (m) the VH comprises the amino acid sequence of SEQ ID NO: 1 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00180] (n) the VH comprises the amino acid sequence of SEQ ID NO: 2 and the

VL comprises the amino acid sequence of SEQ ID NO:77;

[00181] (o) the VH comprises the amino acid sequence of SEQ ID NO:73 and the

VL comprises the amino acid sequence of SEQ ID NO:77; or

[00182] (p) the VH comprises the amino acid sequence of SEQ ID NO:74 and the

VL comprises the amino acid sequence of SEQ ID NO:77.

[00183] In a twentieth embodiment, the antigen binding protein of any of the foregoing

embodiments comprises a heavy chain variable region (VH) and a light chain variable region

(VL), wherein

[00184] (a) the VH comprises the amino acid sequence of SEQ ID NO:55 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00185] (b) the VH comprises the amino acid sequence of SEQ ID NO:60 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00186] (c) the VH comprises the amino acid sequence of SEQ ID NO:61 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00187] (d) the VH comprises the amino acid sequence of SEQ ID NO:62 and the

VL comprises the amino acid sequence of SEQ ID NO:78;



[00188] (e) the VH comprises the amino acid sequence of SEQ ID NO:63 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00189] (f) the VH comprises the amino acid sequence of SEQ ID NO:64 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00190] (g) the VH comprises the amino acid sequence of SEQ ID NO:65 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00191] (h) the VH comprises the amino acid sequence of SEQ ID NO:66 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00192] (i) the VH comprises the amino acid sequence of SEQ ID NO:67 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00193] (j) the VH comprises the amino acid sequence of SEQ ID NO:68 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00194] (k) the VH comprises the amino acid sequence of SEQ ID NO:69 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00195] (1) the VH comprises the amino acid sequence of SEQ ID NO:70 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00196] (m) the VH comprises the amino acid sequence of SEQ ID NO:71 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00197] (n) the VH comprises the amino acid sequence of SEQ ID NO:72 and the

VL comprises the amino acid sequence of SEQ ID NO:78;

[00198] (o) the VH comprises the amino acid sequence of SEQ ID NO:73 and the

VL comprises the amino acid sequence of SEQ ID NO:78; or

[00199] (p) the VH comprises the amino acid sequence of SEQ ID NO:74 and the

VL comprises the amino acid sequence of SEQ ID NO:78.

[00200] In a twenty-first embodiment, the antigen binding protein of any of the

foregoing embodiments comprises a heavy chain variable region (VH) and a light chain

variable region (VL), wherein

[00201] (a) the VH comprises the amino acid sequence of SEQ ID NO:55 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00202] (b) the VH comprises the amino acid sequence of SEQ ID NO:60 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00203] (c) the VH comprises the amino acid sequence of SEQ ID NO:61 and the

VL comprises the amino acid sequence of SEQ ID NO:79;



[00204] (d) the VH comprises the amino acid sequence of SEQ ID NO:62 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00205] (e) the VH comprises the amino acid sequence of SEQ ID NO:63 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00206] (f) the VH comprises the amino acid sequence of SEQ ID NO:64 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00207] (g) the VH comprises the amino acid sequence of SEQ ID NO:65 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00208] (h) the VH comprises the amino acid sequence of SEQ ID NO:66 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00209] (i) the VH comprises the amino acid sequence of SEQ ID NO:67 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00210] (j) the VH comprises the amino acid sequence of SEQ ID NO:68 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00211] (k) the VH comprises the amino acid sequence of SEQ ID NO:69 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00212] (1) the VH comprises the amino acid sequence of SEQ ID NO:70 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00213] (m) the VH comprises the amino acid sequence of SEQ ID NO:71 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00214] (n) the VH comprises the amino acid sequence of SEQ ID NO:72 and the

VL comprises the amino acid sequence of SEQ ID NO:79;

[00215] (o) the VH comprises the amino acid sequence of SEQ ID NO:73 and the

VL comprises the amino acid sequence of SEQ ID NO:79; or

[00216] (p) the VH comprises the amino acid sequence of SEQ ID NO:74 and the

VL comprises the amino acid sequence of SEQ ID NO:79.

[00217] In a twenty-second embodiment, the antigen binding protein of any of the

foregoing embodiments comprises a heavy chain (HC) and a light chain (LC), wherein

[00218] (a) the HC has at least 90% sequence identity with the amino acid sequence

of SEQ ID NO:9 and the LC has at least 90% sequence identity with the amino acid sequence

of SEQ ID NO:40; or

[00219] (b) the HC has at least 90% sequence identity with the amino acid sequence

of SEQ ID NO:39 and the LC has at least 90% sequence identity with the amino acid sequence

of SEQ ID NO:44.



[00220] In a twenty-third embodiment, the antigen binding protein is such that

[00221] (a) the HC comprises the amino acid sequence of SEQ ID NO:9 and the LC

comprises the amino acid sequence of SEQ ID NO:40;

[00222] (b) the HC comprises the amino acid sequence of SEQ ID NO: 10 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00223] (c) the HC comprises the amino acid sequence of SEQ ID NO: 1 1 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00224] (d) the HC comprises the amino acid sequence of SEQ ID NO: 12 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00225] (e) the HC comprises the amino acid sequence of SEQ ID NO: 13 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00226] (f) the HC comprises the amino acid sequence of SEQ ID NO: 14 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00227] (g) the HC comprises the amino acid sequence of SEQ ID NO: 15 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00228] (h) the HC comprises the amino acid sequence of SEQ ID NO: 16 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00229] (i) the HC comprises the amino acid sequence of SEQ ID NO: 17 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00230] (j) the HC comprises the amino acid sequence of SEQ ID NO: 18 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00231] (k) the HC comprises the amino acid sequence of SEQ ID NO: 19 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00232] (1) the HC comprises the amino acid sequence of SEQ ID NO:20 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00233] (m) the HC comprises the amino acid sequence of SEQ ID NO:21 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00234] (n) the HC comprises the amino acid sequence of SEQ ID NO:22 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00235] (o) the HC comprises the amino acid sequence of SEQ ID NO:23 and the

LC comprises the amino acid sequence of SEQ ID NO:40; or

[00236] (p) the HC has comprises the amino acid sequence of SEQ ID NO:39 and

the LC comprises the amino acid sequence of SEQ ID NO:44.

[00237] In a twenty-fourth embodiment, the antigen binding protein is such that



[00238] (a) the HC comprises the amino acid sequence of SEQ ID NO:24 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00239] (b) the HC comprises the amino acid sequence of SEQ ID NO:25 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00240] (c) the HC comprises the amino acid sequence of SEQ ID NO:26 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00241 ] (d) the HC comprises the amino acid sequence of SEQ ID NO:27 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00242] (e) the HC comprises the amino acid sequence of SEQ ID NO:28 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00243] (f) the HC comprises the amino acid sequence of SEQ ID NO:29 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00244] (g) the HC comprises the amino acid sequence of SEQ ID NO:30 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00245] (h) the HC comprises the amino acid sequence of SEQ ID NO:3 1 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00246] (i) the HC comprises the amino acid sequence of SEQ ID NO:32 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00247] (j) the HC comprises the amino acid sequence of SEQ ID NO:33 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00248] (k) the HC comprises the amino acid sequence of SEQ ID NO:34 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00249] (1) the HC comprises the amino acid sequence of SEQ ID NO:35 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00250] (m) the HC comprises the amino acid sequence of SEQ ID NO:36 and the

LC comprises the amino acid sequence of SEQ ID NO:40;

[00251] (n) the HC comprises the amino acid sequence of SEQ ID NO:37 and the

LC comprises the amino acid sequence of SEQ ID NO:40; or

[00252] (o) the HC comprises the amino acid sequence of SEQ ID NO:38 and the

LC comprises the amino acid sequence of SEQ ID NO:40.

[00253] In a twenty-fifth embodiment, the antigen binding protein is such that

[00254] (a) the HC comprises the amino acid sequence of SEQ ID NO: 19 and the

LC comprises the amino acid sequence of SEQ ID NO:41;



[00255] (b) the HC comprises the amino acid sequence of SEQ ID NO:24 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00256] (c) the HC comprises the amino acid sequence of SEQ ID NO:25 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00257] (d) the HC comprises the amino acid sequence of SEQ ID NO:26 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00258] (e) the HC comprises the amino acid sequence of SEQ ID NO:27 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00259] (f) the HC comprises the amino acid sequence of SEQ ID NO:28 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00260] (g) the HC comprises the amino acid sequence of SEQ ID NO:29 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00261] (h) the HC comprises the amino acid sequence of SEQ ID NO:30 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00262] (i) the HC comprises the amino acid sequence of SEQ ID NO:31 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00263] (j) the HC comprises the amino acid sequence of SEQ ID NO:32 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00264] (k) the HC comprises the amino acid sequence of SEQ ID NO:33 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00265] (1) the HC comprises the amino acid sequence of SEQ ID NO:34 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00266] (m) the HC comprises the amino acid sequence of SEQ ID NO:35 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00267] (n) the HC comprises the amino acid sequence of SEQ ID NO:36 and the

LC comprises the amino acid sequence of SEQ ID NO:41;

[00268] (o) the HC comprises the amino acid sequence of SEQ ID NO:37 and the

LC comprises the amino acid sequence of SEQ ID NO:41; or

[00269] (p) the HC comprises the amino acid sequence of SEQ ID NO:38 and the

LC comprises the amino acid sequence of SEQ ID NO:41.

[00270] In a twenty-sixth embodiment, the antigen binding protein is such that

[00271] (a) the HC comprises the amino acid sequence of SEQ ID NO: 19 and the

LC comprises the amino acid sequence of SEQ ID NO:42;



[00272] (b) the HC comprises the amino acid sequence of SEQ ID NO:24 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00273] (c) the HC comprises the amino acid sequence of SEQ ID NO:25 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00274] (d) the HC comprises the amino acid sequence of SEQ ID NO:26 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00275] (e) the HC comprises the amino acid sequence of SEQ ID NO:27 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00276] (f) the HC comprises the amino acid sequence of SEQ ID NO:28 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00277] (g) the HC comprises the amino acid sequence of SEQ ID NO:29 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00278] (h) the HC comprises the amino acid sequence of SEQ ID NO:30 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00279] (i) the HC comprises the amino acid sequence of SEQ ID NO:31 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00280] (j) the HC comprises the amino acid sequence of SEQ ID NO:32 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00281] (k) the HC comprises the amino acid sequence of SEQ ID NO:33 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00282] (1) the HC comprises the amino acid sequence of SEQ ID NO:34 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00283] (m) the HC comprises the amino acid sequence of SEQ ID NO:35 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00284] (n) the HC comprises the amino acid sequence of SEQ ID NO:36 and the

LC comprises the amino acid sequence of SEQ ID NO:42;

[00285] (o) the HC comprises the amino acid sequence of SEQ ID NO:37 and the

LC comprises the amino acid sequence of SEQ ID NO:42; or

[00286] (p) the HC comprises the amino acid sequence of SEQ ID NO:38 and the

LC comprises the amino acid sequence of SEQ ID NO:42.

[00287] In a twenty-seventh embodiment, the antigen binding protein is such that

[00288] (a) the HC comprises the amino acid sequence of SEQ ID NO: 19 and the

LC comprises the amino acid sequence of SEQ ID NO:43;



[00289] (b) the HC comprises the amino acid sequence of SEQ ID NO:24 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00290] (c) the HC comprises the amino acid sequence of SEQ ID NO:25 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00291 ] (d) the HC comprises the amino acid sequence of SEQ ID NO:26 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00292] (e) the HC comprises the amino acid sequence of SEQ ID NO:27 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00293] (f) the HC comprises the amino acid sequence of SEQ ID NO:28 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00294] (g) the HC comprises the amino acid sequence of SEQ ID NO:29 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00295] (h) the HC comprises the amino acid sequence of SEQ ID NO:30 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00296] (i) the HC comprises the amino acid sequence of SEQ ID NO:3 1 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00297] (j) the HC comprises the amino acid sequence of SEQ ID NO:32 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00298] (k) the HC comprises the amino acid sequence of SEQ ID NO:33 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00299] (1) the HC comprises the amino acid sequence of SEQ ID NO:34 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00300] (m) the HC comprises the amino acid sequence of SEQ ID NO:35 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00301] (n) the HC comprises the amino acid sequence of SEQ ID NO:36 and the

LC comprises the amino acid sequence of SEQ ID NO:43;

[00302] (o) the HC comprises the amino acid sequence of SEQ ID NO:37 and the

LC comprises the amino acid sequence of SEQ ID NO:43; or

[00303] (p) the HC comprises the amino acid sequence of SEQ ID NO:38 and the

LC comprises the amino acid sequence of SEQ ID NO:43.

[00304] In a twenty-eighth embodiment, antigen binding proteins that compete with the

antigen binding protein of any of the foregoing fifteen embodiments for binding to a human

LCAT polypeptide of SEQ ID NO: 1 are provided.

[00305] In a twenty-ninth embodiment, the antigen binding protein.



[00306] (a) competes with an antigen binding protein comprising: a CDRH1 of SEQ

ID NO:81, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID NO:95, a CDRLl of SEQ ID

NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of SEQ ID NO: 116;

[00307] (b) competes with an antigen binding protein comprising: a CDRH1 of SEQ

ID NO:92, a CDRH2 of SEQ ID NO:94, a CDRH3 of SEQ ID NO:111, a CDRL 1 of SEQ ID

NO: 113, a CDRL2 of SEQ ID NO: 115, and a CDRL3 of SEQ ID NO: 120;

[00308] (c) competes with an antigen binding protein comprising a VH of SEQ ID

NO:45 and a VL of SEQ ID NO:76; or

[00309] (d) competes with an antigen binding protein comprising a VH of SEQ ID

NO:75 and a VL of SEQ ID NO:80.

[00310] In a thirtieth embodiment, the antigen binding protein binds to amino acids

located within a region of an LCAT polypeptide consisting of SEQ ID NO: 1, wherein the

region is from amino acid 255 to amino acid 389 of SEQ ID NO:l, inclusive.

[00311] In a thirty-first embodiment, the antigen binding protein binds to amino acids

located within a region of an LCAT polypeptide consisting of SEQ ID NO: 1, wherein the

region is from amino acid 255 to amino acid 374 of SEQ ID NO:l, inclusive.

[00312] In a thirty-second embodiment, the antigen binding protein of claim binds to

amino acids within one or more of the following regions:

[00313] (a) the region from amino acid 255 to amino acid 262 of SEQ ID NO: 1,

inclusive;

[00314] (b) the region from amino acid 315 to amino acid 321 of SEQ ID NO:1,

inclusive; and

[00315] (c) the region from amino acid 341 to amino acid 374 of SEQ ID NO: 1,

inclusive. In a further embodiment, the antigen binding protein binds to amino acids within

regions (a), (b) and (c).

[00316] In a thirty -third embodiment, the antigen binding protein binds to amino acids

within one or more of the following regions:

[00317] (a) the region from amino acid 255 to amino acid 262 of SEQ ID NO: 1,

inclusive;

[00318] (b) the region from amino acid 315 to amino acid 321 of SEQ ID NO:1,

inclusive;

[00319] (c) the region from amino acid 341 to amino acid 343 of SEQ ID NO: 1,

inclusive; and



[00320] (d) the region from amino acid 350 to amino acid 374 of SEQ ID NO: 1,

inclusive. In yet another embodiment, the antigen binding protein binds to amino acids within

regions (a), (b), (c) and (d).

[00321] In a thirty-fourth embodiment, the antigen binding protein binds to at least 12 of

the amino acids selected from the group consisting of S255, R256, M257, A258, W259, P260,

Y315, V317, G318, L319, P320, T321, Y341, E342, D343, T350, R351, E354, L355, C356,

G357, L358, Q360, R362, V367, H368, L369, P371, H373 and G374 of SEQ ID NO:l.

[00322] In a thirty-fifth embodiment, the antigen binding protein binds to at least 15 of

the amino acids selected from the group consisting of amino acids R256, M257, A258, P260,

D262, Y3 15, V3 17, G3 18, L3 19, P320, Y341, E342, D343, T350, R351, E354, L355, G357,

L358, Q360, G361, R362, P366, V367, H368, L369, P371, H373, G374 and H389 of SEQ ID

NO:l.

[00323] In a thirty-sixth embodiment, the antigen binding protein binds to amino acids

located within a region of an LCAT polypeptide consisting of SEQ ID NO: 1, wherein

[00324] (a) the region is from amino acid 315 to amino acid 399, inclusive, or

[00325] (b) the region is from amino acid 343 to amino acid 399, inclusive.

[00326] In a thirty-seventh embodiment, the antigen binding protein binds to amino acids

within one or more of the following regions:

[00327] (a) the region from amino acid 350 to amino acid 375 of SEQ ID NO: 1,

inclusive; and

[00328] (b) the region from amino acid 385 to amino acid 399 of SEQ ID NO: 1,

inclusive. In another embodiment, the antigen binding protein binds to amino acids within

regions (a) and (b).

[00329] In a thirty-eighth embodiment, the antigen binding protein binds to amino acids

within one or more of the following regions:

[00330] (a) the region from amino acid 315 to amino acid 317 of SEQ ID NO:1,

inclusive;

[00331] (b) the region from amino acid 350 to amino acid 375 of SEQ ID NO:l,

inclusive; and

[00332] (c) the region from amino acid 385 to amino acid 399 of SEQ IDNO:l,

inclusive. In another embodiment, the antigen binding protein binds to amino acids within

regions (a), (b) and (c).

[00333] In a thirty-ninth embodiment, the antigen binding protein binds to at least 12 of

the amino acids selected from the group consisting of Y3 15, V3 17, D343, T350, R35 1, E354,



G357, Q360, G361, Q365, P366, V367, H368, L369, L370, P371, L372, H373, 1375, L385,

E388, H389, A392, L395, G396, A397, Y398 and R399 of SEQ ID NO:l.

[00334] In a fortieth embodiment, the antigen binding protein of binds to at least 12 of

the amino acids selected from the group consisting of Y315, V317, E342, D343, T350, R351,

E354, G357, Q360, G361, P364, P366, V367, H368, L369, L370, P371, L372, H373, L385,

E388, H389, A392, L395, G396, A397, Y398 and R399 of SEQ ID NO:l.

[00335] In a forty-first embodiment, the antigen binding protein binds to an epitope,

wherein the epitope is located within

[00336] (a) amino acid 255 to amino acid 389 of SEQ ID NO: 1;

[00337] (b) amino acids 315 to amino acid 399 of SEQ ID NO: 1; or

[00338] (c) amino acids 342 to amino acid 399 of SEQ ID NO: 1. In certain

embodiments, the epitope is a conformational and/or discontinuous epitope.

[00339] In a forty-second embodiment, the antigen binding protein of any of the

foregoing embodiments has one or more of the following characteristics:

[00340] (a) is a monoclonal antibody, a human antibody, a humanized antibody, a

chimeric antibody, or a multispecific antibody;

[00341] (b) is of the IgGl, IgG2, IgG3, or the IgG4 type;

[00342] (c) is a Fab fragment, a Fab' fragment, a F(ab')2 fragment, or an Fv

fragment;

[00343] (d) is a diabody, a single chain antibody, a domain antibody, or a nanobody;

[00344] (e) is derived from a mammalian source selected from mouse, rat, camelid

or rabbit; or

[00345] (f) is labeled.

[00346] In a forty-third embodiment, pharmaceutical compositions comprising at least

one antigen binding protein according to any of the foregoing embodiments are provided.

[00347] In a forty-fourth embodiment, nucleic acid molecules encoding the antigen

binding protein of any of embodiments one through twenty-nine are provided, as are vectors

comprising such nucleic acids and host cells comprising such nucleic acids and vectors.

[00348] In a forty-fifth embodiment, antigen binding proteins of any of embodiments

one to thirty are provided for use in therapy or for the preparation of a medicament.

[00349] In a forty-sixth embodiment, the antigen binding proteins of any of

embodiments one to thirty are used to decrease cholesterol levels or to increase HDL-C serum

levels in a subject.



[00350] In forty-seventh embodiment, antigen binding proteins of any of embodiments

one to thirty are used in treating or preventing a condition selected from the group consisting of

a cholesterol-related disorder, a cardiovascular disease, an inflammatory condition, a

thrombosis-related condition, a blood disorder, anemia, chronic kidney disease and a condition

associated with LCAT deficiency. In certain aspects the

[00351] (a) the cardiovascular disease or cholesterol related disorder is selected from

the group consisting of arteriosclerosis, atherosclerosis, stroke, ischemia, peripheral vascular

disease, coronary artery disease, coronary heart disease, myocardial infarction, high blood

pressure, hypercholerolemia, metabolic syndrome, dyslipidemia, diabetes, insulin-resistance

and Alzheimer's disease;

[00352] (b) the inflammatory disease is selected from the group consisting of

arthritis, sepsis, septic shock, asthma, a chronic pulmonary inflammatory disease, lupus and an

inflammatory bowel disease; and

[00353] (c) the thrombosis related condition is selected from the group consisting of

a myocardial infarction, deep vein thrombosis, embolism, thrombocytopic purpura and

microangiopathy.

[00354] In a forty-eighth embodiment, the antigen binding protein of any one of

embodiments one to thirty are used or administered in combination with a further active agent

selected from the group consisting of a statin, a CETP inhibitor, a cardiovascular agent, a

cholesterol lowering agent, an ACE inhibitor, an ACAT inhibitor, an aldosterone antagonist, an

alpha blocker, an angiotensin II receptor antagonist, an anti-arrhythmic agent, an apoA-1 agent,

a beta blocker, a bile acid sequesterant, a calcium-channel blocker, a dyslipidemia agent, and

endothelin receptor antagonist, an LCAT activator, a fibrate, an PPAR agonist, a squalene

epoxidase inhibitor, an anti-inflammatory agent, an anti-thrombosis agent, an anti-diabetic

agent and a cytokine.

BRIEF DESCRIPTION OF THE DRAWINGS

[00355] FIGS. 1A and IB show plots of LCAT activation by antibody 27C3 (FIG. 1A)

and antibody 27C3(S42A) (FIG. IB) in both human and cynomolgus monkey plasma.

[00356] FIG. 2 is a plot showing the ability of the antibody 27C3(S42A) to increase

HDL-C plasma levels in cynomolgus monkeys, with the HDL-raising efficacy lasting 30 days.

[00357] FIGS. 3A and 3B are schematic representations of the LCAT/27C3 Fab/22A9

Fab ternary complex and the LCAT/18E5 Fab/25B7 Fab ternary complex, respectively, as

determined by x-ray crystallography.



DETAILED DESCRIPTION

[00358] The section headings used herein are for organizational purposes only and are

not to be construed as limiting the subject matter described.

[00359] Unless otherwise defined herein, scientific and technical terms used in

connection with the present application shall have the meanings that are commonly understood

by those of ordinary skill in the art. Further, unless otherwise required by context, singular

terms shall include pluralities and plural terms shall include the singular.

[00360] Generally, nomenclatures used in connection with, and techniques of, cell and

tissue culture, molecular biology, immunology, microbiology, genetics and protein and nucleic

acid chemistry and hybridization described herein are those well known and commonly used in

the art. The methods and techniques of the present application 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. See, e.g., Sambrook et al, Molecular Cloning: A Laboratory

Manual, 3rd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (2001),

Ausubel et al, Current Protocols in Molecular Biology, Greene Publishing Associates (1992),

and Harlow and Lane Antibodies: A Laboratory Manual Cold Spring Harbor Laboratory Press,

Cold Spring Harbor, N.Y. (1990), which are incorporated herein by reference. Enzymatic

reactions and purification techniques are performed according to manufacturer's specifications,

as commonly accomplished in the art or as described herein. The terminology used in

connection with, and the laboratory procedures and techniques of, analytical chemistry,

synthetic organic chemistry, and medicinal and pharmaceutical chemistry described herein are

those well known and commonly used in the art. Standard techniques can be used for chemical

syntheses, chemical analyses, pharmaceutical preparation, formulation, and delivery, and

treatment of patients.

[00361] It should be understood that this invention is not limited to the particular

methodology, protocols, and reagents, etc., described herein and as such may vary. The

terminology used herein is for the purpose of describing particular embodiments only, and is

not intended to limit the scope of the disclosed, which is defined solely by the claims.

[00362] Other than in the operating examples, or where otherwise indicated, all numbers

expressing quantities of ingredients or reaction conditions used herein should be understood as

modified in all instances by the term "about." The term "about" when used in connection with

percentages may mean ±1%.



Definitions

[00363] As used herein, "lecithin-cholesterol acyltransferase," or "LCAT," refers to an

enzyme that can be found naturally in the blood serum of mammals, including humans, that

catalyzes the synthesis of cholesterol esters and lysolecithin from phosphatidylcholine and

unesterified cholesterol present in plasma lipoproteins. The enzyme is naturally produced

primarily by the liver. The amino acid sequence of one specific example of a mature human

LCAT polypeptide is set forth in SEQ ID NO: 1. The amino acid sequence of another mature

human LCAT polypeptide is set forth in SEQ ID NO:2 (see GenBank Accession No.

AAB34898). An exemplary mature LCAT protein from cynomolgus monkey has the amino

acid sequence as shown in SEQ ID NO:3. The amino acid sequence of a mature LCAT from

mouse is shown in SEQ ID NO:4 (see, GenBank Accession No. NP 032516; see also C. H.

Warden et al. (1989) J . Biol. Chem. 264:21573-81). The amino acid sequence of a mature

LCAT protein from rabbit is provided in SEQ ID NO:5 (see GenBank NP 00 1075659). The

term LCAT as used herein also includes naturally occurring alleles (e.g., naturally occurring

allelic forms of human LCAT).

[00364] Mutant forms of human LCAT having the amino acid sequence set forth in SEQ

ID NO: 1 are sometimes referred to herein in the form XNY, where N refers to the position of

the amino acid in the sequence set forth in SEQ ID NO: 1, X refers to the amino acid naturally

occurring at position N in the wild-type LCAT (i.e., as in SEQ ID NO:l) and X refers to the

amino acid substituted at position N and thus the amino acid present in the mutant LCAT.

Thus, for instance, the designation C3 1Y LCAT is a shorthand form for a mutant LCAT in

which the cysteine at position 31 of SEQ ID NO: 1 has been replaced by a tyrosine. As another

example, the designation L4F, N5D LCAT refers to a double mutant in which the leucine at

position 4 and the asparagine at position 5 of SEQ ID NO: 1 have been replaced with

phenylalanine and aspartic acid, respectively.

[00365] The amount of LCAT or LCAT activity in the serum can be determined in

various ways. The mass of LCAT can be determined by a competitive double antibody

radioimmunoassay, or ELISA. Routine methods also are known for measuring absolute LCAT

activity in the serum and for measuring the more informative cholesterol esterification rate.

See, e.g., J . J . Albers et al. Methods in Enzymol. 129:763-783 (1986) and M. P. T. Gillett and J .

S. Owens, Chapter 7b, pp. 187-201, in Lipoprotein Analysis-A Practical Approach, C. A.

Converse and E. R. Skinner, eds. LCAT activity can be determined by measuring the



conversion of radiolabeled cholesterol to cholesteryl ester after incubation of the enzyme and

radiolabeled lecithin-cholesterol liposome substrates containing apo A-I. Endogenous

cholesterol esterification rate can be determined by measuring the rate of conversion of labeled

cholesterol to cholesteryl ester after incubation of fresh plasma that is labeled with a trace

amount of radioactive cholesterol by equilibration with a 14C cholesterol-albumin mixture at 4°

C. A detailed discussion of LCAT assays is provided in the Examples.

[00366] An "antigen binding protein" as used herein means any protein that specifically

binds a specified target antigen, such as an LCAT polypeptide (e.g., a human LCAT

polypeptide such as provided in SEQ ID NO:l or 2). The term encompasses intact antibodies

that comprise at least two full-length heavy chains and two full-length light chains, as well as

derivatives, variants, fragments, and mutations thereof, examples of which include Fab, Fab',

F(ab')2, and Fv fragments. An antigen binding protein also includes domain antibodies such as

nanobodies and single-chain antibodies as described further below.

[00367] In general, an LCAT antigen binding protein is said to "specifically bind" its

target antigen LCAT when the antigen binding protein exhibits essentially background binding

to non-LCAT molecules. An antigen binding protein that specifically binds LCAT may,

however, cross-react with LCAT polypeptides from different species. Typically, an LCAT

antigen binding protein specifically binds human LCAT when the dissociation constant (¾) is

<10~7 M as measured via a surface plasma resonance technique (e.g., BIACore, GE-Healthcare

Uppsala, Sweden). A method for determining binding affinities using such techniques is

described in Example 3. An LCAT antigen binding protein specifically binds human LCAT

with "high affinity" when the ¾ is <5x 10 ~ M, and with "very high affinity" when the ¾ is

<5x 10 9 M, again as measured using methods described in Example 3.

[00368] "Antigen binding region" means a protein, or a portion of a protein, that

specifically binds a specified antigen. For example, that portion of an antigen binding protein

that contains the amino acid residues that interact with an antigen and confer on the antigen

binding protein its specificity and affinity for the antigen is referred to as "antigen binding

region." An antigen binding region typically includes one or more "complementary binding

regions" ("CDRs"). Certain antigen binding regions also include one or more "framework"

regions. A "CDR" is an amino acid sequence that contributes to antigen binding specificity and

affinity. "Framework" regions can aid in maintaining the proper conformation of the CDRs to

promote binding between the antigen binding region and an antigen.

[00369] A "recombinant protein", including a recombinant LCAT antigen binding

protein, is a protein made using recombinant techniques, i.e., through the expression of a



recombinant nucleic acid as described herein. Methods and techniques for the production of

recombinant proteins are well known in the art.

[00370] The term "antibody" refers to an intact immunoglobulin of any isotype, or a

fragment thereof that can compete with the intact antibody for specific binding to the target

antigen, and includes, for instance, chimeric, humanized, fully human, and bispecific

antibodies. An "antibody" as such is a species of an antigen binding protein. An intact

antibody generally will comprise at least two full-length heavy chains and two full-length light

chains, but in some instances may include fewer chains such as antibodies naturally occurring

in camelids which may comprise only heavy chains. Antibodies may be derived solely from a

single source, or may be "chimeric," that is, different portions of the antibody may be derived

from two different antibodies as described further below. The antigen binding proteins,

antibodies, or binding fragments may be produced in hybridomas, by recombinant DNA

techniques, or by enzymatic or chemical cleavage of intact antibodies. Unless otherwise

indicated, the term "antibody" includes, in addition to antibodies comprising two full-length

heavy chains and two full-length light chains, derivatives, variants, fragments, and mutations

thereof, examples of which include Fab, Fab', F(ab')2, Fv fragments, domain antibodies such as

Nanobodies® and single-chain antibodies as described in more detail below.

[00371] The term "light chain" as used with respect to an antibody or fragments thereof

includes a full-length light chain and fragments thereof having sufficient variable region

sequence to confer binding specificity. A full-length light chain includes a variable region

domain, V L, and a constant region domain, C L. The variable region domain of the light chain is

at the amino-terminus of the polypeptide. Light chains include kappa chains and lambda

chains.

[00372] The term "heavy chain" as used with respect to an antibody or fragment thereof

includes a full-length heavy chain and fragments thereof having sufficient variable region

sequence to confer binding specificity. A full-length heavy chain includes a variable region

domain, V H, and three constant region domains, CHI, C H2, and C H3. The V H domain is at the

amino-terminus of the polypeptide, and the C H domains are at the carboxyl-terminus, with the

C H3 being closest to the carboxy -terminus of the polypeptide. Heavy chains may be of any

isotype, including IgG (including IgGl, IgG2, IgG3 and IgG4 subtypes), IgA (including IgAl

and IgA2 subtypes), IgM and IgE.

[00373] The term "immunologically functional fragment" (or simply "fragment") of an

antibody or immunoglobulin chain (heavy or light chain), as used herein, is an antigen binding

protein comprising a portion (regardless of how that portion is obtained or synthesized) of an



antibody that lacks at least some of the amino acids present in a full-length chain but which is

capable of specifically binding to an antigen. Such fragments are biologically active in that

they bind specifically to the target antigen and can compete with other antigen binding proteins,

including intact antibodies, for specific binding to a given epitope. In one aspect, such a

fragment will retain at least one CDR present in the full-length light or heavy chain, and in

some embodiments will comprise a single heavy chain and/or light chain or portion thereof.

These biologically active fragments may be produced by recombinant DNA techniques, or may

be produced by enzymatic or chemical cleavage of antigen binding proteins, including intact

antibodies. Immunologically functional immunoglobulin fragments include, but are not limited

to, Fab, Fab', F(ab')2, Fv, domain antibodies and single-chain antibodies, and may be derived

from any mammalian source, including but not limited to human, mouse, rat, camelids or

rabbit. It is contemplated further that a functional portion of the antigen binding proteins

disclosed herein, for example, one or more CDRs, could be covalently bound to a second

protein or to a small molecule to create a therapeutic agent directed to a particular target in the

body, possessing bifunctional therapeutic properties, or having a prolonged serum half-life.

[003 7 4 ] An "Fab fragment" is comprised of one light chain and the CHI and variable

regions of one heavy chain. The heavy chain of a Fab molecule cannot form a disulfide bond

with another heavy chain molecule.

[003 7 5 ] An "Fc" region contains two heavy chain fragments comprising the CHI and

CH domains of an antibody. The two heavy chain fragments are held together by two or more

disulfide bonds and by hydrophobic interactions of the CH3 domains.

[003 7 6 ] An "Fab' fragment" contains one light chain and a portion of one heavy chain

that contains the V H domain and the CHI domain and also the region between the CHI and CH

domains, such that an interchain disulfide bond can be formed between the two heavy chains of

two Fab' fragments to form an F(ab')2 molecule.

[003 7 7 ] An "F(ab')2 fragment" contains two light chains and two heavy chains

containing a portion of the constant region between the CHI and CH2 domains, such that an

interchain disulfide bond is formed between the two heavy chains. A F(ab¾ fragment thus is

composed of two Fab' fragments that are held together by a disulfide bond between the two

heavy chains.

[003 7 8 ] The "Fv region" comprises the variable regions from both the heavy and light

chains, but lacks the constant regions.

[003 7 9 ] "Single-chain antibodies" are Fv molecules in which the heavy and light chain

variable regions have been connected by a flexible linker to form a single polypeptide chain,



which forms an antigen-binding region. Single chain antibodies are discussed in detail in

International Patent Application Publication No. WO 88/01649 and United States Patent

Nos. 4,946,778 and No. 5,260,203, the disclosures of which are incorporated by reference.

[00380] A "domain antibody" is an immunologically functional immunoglobulin

fragment containing only the variable region of a heavy chain or the variable region of a light

chain. Examples of domain antibodies include Nanobodies®. In some instances, two or more

V H regions are covalently joined with a peptide linker to create a bivalent domain antibody.

The two V H regions of a bivalent domain antibody may target the same or different antigens.

[00381] A "bivalent antigen binding protein" or "bivalent antibody" comprises two

antigen binding regions. In some instances, the two binding regions have the same antigen

specificities. Bivalent antigen binding proteins and bivalent antibodies may be bispecific, see,

infra.

[00382] A multispecific antigen binding protein" or "multispecific antibody" is one that

targets more than one antigen or epitope.

[00383] A "bispecific," "dual-specific" or "bifunctional" antigen binding protein or

antibody is a hybrid antigen binding protein or antibody, respectively, having two different

antigen binding sites. Bispecific antigen binding proteins and antibodies are a species of

multispecific antigen binding protein or multispecific antibody and may be produced by a

variety of methods including, but not limited to, fusion of hybridomas or linking of Fab'

fragments. See, e.g., Songsivilai and Lachmann, 1990, Clin. Exp. Immunol. 79:315-321;

Kostelny etal, 1992, J. Immunol. 148 :1547-1553. The two binding sites of a bispecific

antigen binding protein or antibody will bind to two different epitopes, which may reside on the

same or different protein targets.

[00384] The term "compete" when used in the context of antigen binding proteins (e.g.,

antibodies) that compete for the same epitope means competition between antigen binding

proteins is determined by an assay in which the antigen binding protein (e.g., antibody or

immunologically functional fragment thereof) under test prevents or inhibits specific binding of

a reference antigen binding protein to a common antigen (e.g., LCAT or a fragment thereof).

Numerous types of competitive binding assays can be used, for example: solid phase direct or

indirect radioimmunoassay (RIA), solid phase direct or indirect enzyme immunoassay (EIA),

sandwich competition assay (see, e.g., Stahli et ah, 1983, Methods in Enzymology 9:242-253);

solid phase direct biotin-avidin EIA (see, e.g., Kirkland et ah, 1986, J. Immunol. 137 :3614-

3619) solid phase direct labeled assay, solid phase direct labeled sandwich assay (see, e.g.,

Harlow and Lane, 1988, Antibodies, A Laboratory Manual, Cold Spring Harbor Press); solid



phase direct label RIA using 1-125 label (see, e.g., Morel et al, 1988, Molec. Immunol. 25:7-

15); solid phase direct biotin-avidin EIA (see, e.g., Cheung, etal, 1990, Virology 176 :546-

552); and direct labeled RIA (Moldenhauer et al, 1990, Scand. J. Immunol. 32:77-82).

Typically, such an assay involves the use of purified antigen bound to a solid surface or cells

bearing either of these, an unlabelled test antigen binding protein and a labeled reference

antigen binding protein. Competitive inhibition is measured by determining the amount of

label bound to the solid surface or cells in the presence of the test antigen binding protein.

Usually the test antigen binding protein is present in excess. Antigen binding proteins

identified by competition assay (competing antigen binding proteins) include antigen binding

proteins binding to the same epitope as the reference antigen binding proteins and antigen

binding proteins binding to an adjacent epitope sufficiently proximal to the epitope bound by

the reference antigen binding protein for steric hindrance to occur. Additional details regarding

methods for determining competitive binding are provided in the examples herein. For

instance, in one embodiment, competition is determined according to the BIAcore assay

method described in Example 8. Usually, when a competing antigen binding protein is present

in excess, it will inhibit specific binding of a reference antigen binding protein to a common

antigen by at least 40%, 45%, 50%, 55%, 60%, 65%, 70% or 75%. In some instances, binding

is inhibited by at least 80%, 85%, 90%, 95%, or 97% or more.

[00385] The term "antigen" refers to a molecule or a portion of a molecule capable of

being bound by a selective binding agent, such as an antigen binding protein (including, e.g., an

antibody), and additionally capable of being used in an animal to produce antibodies capable of

binding to that antigen. An antigen may possess one or more epitopes that are capable of

interacting with different antigen binding proteins, e.g., antibodies.

[00386] The term "epitope" is the portion of a molecule that is bound by an antigen

binding protein (for example, an antibody). The term includes any determinant capable of

specifically binding to an antigen binding protein, such as an antibody. An epitope can be

contiguous or non-contiguous (discontinuous) (e.g., in a polypeptide, amino acid residues that

are not contiguous to one another in the polypeptide sequence but that within in context of the

molecule are bound by the antigen binding protein). A conformational epitope is an epitope

that exists within the conformation of an active protein but is not present in a denatured protein.

In certain embodiments, epitopes may be mimetic in that they comprise a three dimensional

structure that is similar to an epitope used to generate the antigen binding protein, yet comprise

none or only some of the amino acid residues found in that epitope used to generate the antigen

binding protein. Most often, epitopes reside on proteins, but in some instances may reside on



other kinds of molecules, such as nucleic acids. Epitope determinants may include chemically

active surface groupings of molecules such as amino acids, sugar side chains, phosphoryl or

sulfonyl groups, and may have specific three dimensional structural characteristics, and/or

specific charge characteristics. Generally, antigen binding proteins specific for a particular

target antigen will preferentially recognize an epitope on the target antigen in a complex

mixture of proteins and/or macromolecules.

[00387] The term "identity" refers to a relationship between the sequences of two or

more polypeptide molecules or two or more nucleic acid molecules, as determined by aligning

and comparing the sequences. "Percent identity" means the percent of identical residues

between the amino acids or nucleotides in the compared molecules and is calculated based on

the size of the smallest of the molecules being compared. For these calculations, gaps in

alignments (if any) must be addressed by a particular mathematical model or computer program

(i.e., an "algorithm"). Methods that can be used to calculate the identity of the aligned nucleic

acids or polypeptides include those described in Computational Molecular Biology, (Lesk, A.

M., ed.), 1988, New York: Oxford University Press; Biocomputing Informatics and Genome

Projects, (Smith, D. W., ed.), 1993, New York: Academic Press; Computer Analysis of

Sequence Data, Part I, (Griffin, A. M., and Griffin, H. G., eds.), 1994, New Jersey: Humana

Press; von Heinje, G., 1987, Sequence Analysis in Molecular Biology, New York: Academic

Press; Sequence Analysis Primer, (Gribskov, M. and Devereux, J., eds.), 1991, New York: M.

Stockton Press; and Carillo et al, 1988, S AM J. Applied Math. 48:1073.

[00388] In calculating percent identity, the sequences being compared are aligned in a

way that gives the largest match between the sequences. The computer program used to

determine percent identity is the GCG program package, which includes GAP (Devereux et al,

1984, Nucl. Acid Res. 12:387; Genetics Computer Group, University of Wisconsin, Madison,

WI). The computer algorithm GAP is used to align the two polypeptides or polynucleotides for

which the percent sequence identity is to be determined. The sequences are aligned for optimal

matching of their respective amino acid or nucleotide (the "matched span", as determined by

the algorithm). A gap opening penalty (which is calculated as 3x the average diagonal, wherein

the "average diagonal" is the average of the diagonal of the comparison matrix being used; the

"diagonal" is the score or number assigned to each perfect amino acid match by the particular

comparison matrix) and a gap extension penalty (which is usually 1/10 times the gap opening

penalty), as well as a comparison matrix such as PAM 250 or BLOSUM 62 are used in

conjunction with the algorithm. In certain embodiments, a standard comparison matrix (see,

Dayhoff et al., 1978, Atlas of Protein Sequence and Structure 5:345-352 for the PAM 250



comparison matrix; Henikoff et al, 1992, Proc. Natl. Acad. Sci. U.S.A. 89:10915-10919 for the

BLOSUM 62 comparison matrix) is also used by the algorithm.

[00389] Recommended parameters for determining percent identity for polypeptides or

nucleotide sequences using the GAP program are the following:

[00390] Algorithm: Needleman et al., 1970, J. Mo . Biol. 48:443-453;

[00391 ] Comparison matrix: BLOSUM 62 from Henikoff et al., 1992, supra;

[00392] Gap Penalty: 12 (but with no penalty for end gaps)

[00393] Gap Length Penalty: 4

[00394] Threshold of Similarity: 0

[00395] Certain alignment schemes for aligning two amino acid sequences may result in

matching of only a short region of the two sequences, and this small aligned region may have

very high sequence identity even though there is no significant relationship between the two

full-length sequences. Accordingly, the selected alignment method (GAP program) can be

adjusted if so desired to result in an alignment that spans at least 50 contiguous amino acids of

the target polypeptide.

[00396] As used herein, "substantially pure" means that the described species of

molecule is the predominant species present, that is, on a molar basis it is more abundant than

any other individual species in the same mixture. In certain embodiments, a substantially pure

molecule is a composition wherein the object species comprises at least 50% (on a molar basis)

of all macromolecular species present. In other embodiments, a substantially pure composition

will comprise at least 80%, 85%, 90%, 95%, or 99% of all macromolecular species present in

the composition. In other embodiments, the object species is purified to essential homogeneity

wherein contaminating species cannot be detected in the composition by conventional detection

methods and thus the composition consists of a single detectable macromolecular species.

[00397] The term "treating" refers to any indicia of success in the treatment or

amelioration of an injury, pathology or condition, including any objective or subjective

parameter such as abatement; remission; diminishing of symptoms or making the injury,

pathology or condition more tolerable to the patient; slowing in the rate of degeneration or

decline; making the final point of degeneration less debilitating; improving a patient's physical

or mental well-being. The treatment or amelioration of symptoms can be based on objective or

subjective parameters; including the results of a physical examination, neuropsychiatric exams,

and/or a psychiatric evaluation. For example, certain methods presented herein successfully

treat cardiovascular disease such as atherosclerosis by decreasing the incidence of



cardiovascular disease, causing remission of cardiovascular disease and/or ameliorating a

symptom associated with cardiovascular disease.

[00398] An "effective amount" is generally an amount sufficient to reduce the severity

and/or frequency of symptoms, eliminate the symptoms and/or underlying cause, prevent the

occurrence of symptoms and/or their underlying cause, and/or improve or remediate the

damage that results from or is associated with cancer. In some embodiments, the effective

amount is a therapeutically effective amount or a prophylactically effective amount. A

"therapeutically effective amount" is an amount sufficient to remedy a disease state (e.g.

atherosclerosis) or symptoms, particularly a state or symptoms associated with the disease state,

or otherwise prevent, hinder, retard or reverse the progression of the disease state or any other

undesirable symptom associated with the disease in any way whatsoever. A "prophylactically

effective amount" is an amount of a pharmaceutical composition that, when administered to a

subject, will have the intended prophylactic effect, e.g., preventing or delaying the onset (or

reoccurrence) of cancer, or reducing the likelihood of the onset (or reoccurrence) of cancer or

cancer symptoms. The full therapeutic or prophylactic effect does not necessarily occur by

administration of one dose, and may occur only after administration of a series of doses. Thus,

a therapeutically or prophylactically effective amount may be administered in one or more

administrations.

[00399] "Atherosclerosis" refers to a condition characterized by the hardening and/or

narrowing of the arteries caused by the buildup of athermatous plaque inside the arterial walls.

The atheromatous plaque is divided in three components, (1) the atheroma, a nodular

accumulation of a soft flaky material at the center of large plaques, composed of macrophages

nearest the lumen of the artery; (2) underlying areas of cholesterol crystals; (3) calcification at

the outer base of more advanced lesions. Indicators of atherosclerosis include, for example, the

development of plaques in the arteries, their calcification, the extent of which can be

determined by Sudan IV staining, or the development of foam cells in arteries. The narrowing

of the arteries can be determined by coronary angioplasty, ultrafast CT, or ultrasound.

[00400] The term "inflammatory disease" or "inflammatory condition" as used herein,

means any disease in which an excessive or unregulated inflammatory response leads to

excessive inflammatory symptoms, host tissue damage, or loss of tissue function. The

inflammatory response is typically due to inflammatory cell activation. The term "inflammatory

cell activation," as used herein, means the induction by a stimulus (including, but not limited to,

cytokines, antigens or auto-antibodies) of a proliferative cellular response, the production of

soluble mediators (including but not limited to cytokines, oxygen radicals, enzymes,



prostanoids, or vasoactive amines), or cell surface expression of new or increased numbers of

mediators (including, but not limited to, major histocompatability antigens or cell adhesion

molecules) in inflammatory cells (including but not limited to monocytes, macrophages, T

lymphocytes, B Lymphocytes, granulocytes, polymorphonuclear leukocytes, mast cells,

basophils, eosinophils, dendritic cells, and endothelial cells). It will be appreciated by persons

skilled in the art that the activation of one or a combination of these phenotypes in these cells

can contribute to the initiation, perpetuation, or exacerbation of an inflammatory condition.

Additionally, the term "autoimmune disease," as used herein, means any group of disorders in

which tissue injury is associated with humoral or cell-mediated responses to the body's own

constituents. The term "allergic disease," as used herein, means any symptoms, tissue damage,

or loss of tissue function resulting from allergy. The term "arthritic disease," as used herein,

means any of a large family of diseases that are characterized by inflammatory lesions of the

joints attributable to a variety of etiologies. The term "dermatitis," as used herein, means any of

a large family of diseases of the skin that are characterized by inflammation of the skin

attributable to a variety of etiologies. The term "transplant rejection," as used herein, means any

immune reaction directed against grafted tissue (including organ and cell (e.g., bone marrow)),

characterized by a loss of function of the grafted and surrounding tissues, pain, swelling,

leukocytosis and thrombocytopenia.

[00401 ] "Thrombosis" and "thrombosis-related disorder" refer to abnormal thrombus

formation that causes obstruction of blood vessels and conditions associated with such

obstruction. Blood vessels operate under significant shear stresses that are a function of blood

flow shear rate. Frequently, there is damage to small blood vessels and capillaries. When these

vessels are damaged, hemostasis is triggered to stop the bleeding. Under typical circumstances,

such an injury is dealt with through a sequence of events commonly referred to as the

"thrombus formation". Thrombus formation is dependent upon platelet adhesion, activation and

aggregation and the coagulation cascade that culminates in the conversion of soluble fibrinogen

to insoluble fibrin clot. Thrombus formation at site of wound prevents extravasation of blood

components. Subsequently, wound healing and clot dissolution occurs and blood vessel

integrity and flow is restored.

[00402] The term "HDL" refers to the high-density lipoproteins.

[00403] The term "LDL", as used herein, means the low-density lipoproteins.

[00404] The term "VLDL" refers to the very low density lipoproteins.

[00405] The term "increase" and other related terms such as "elevate," when used in the

context of LCAT activity or HDL levels or other measures or consequences of LCAT activity,



refers to an increase relative to the level existing prior to administration of an LCAT binding

protein. Thus, for instance, an increase in the level of HDL in a patient's serum means that the

HDL level in the patient's serum is increased after the LCAT antigen binding protein has been

administered to the patient relative to the level before the binding protein was administered.

[00406] The term "polynucleotide" or "nucleic acid" includes both single-stranded and

double-stranded nucleotide polymers. The nucleotides comprising the polynucleotide can be

ribonucleotides or deoxyribonucleotides or a modified form of either type of nucleotide. The

modifications include base modifications such as bromouridine and inosine derivatives, ribose

modifications such as 2',3'-dideoxyribose, and internucleotide linkage modifications such as

phosphorothioate, phosphorodithioate, phosphoroselenoate, phosphorodiselenoate,

phosphoroanilothioate, phoshoraniladate and phosphoroamidate.

[00407] The term "oligonucleotide" means a polynucleotide comprising 200 or fewer

nucleotides. In some embodiments, oligonucleotides are 10 to 60 bases in length. In other

embodiments, oligonucleotides are 12, 13, 14, 15, 16, 17, 18, 19, or 20 to 40 nucleotides in

length. Oligonucleotides may be single stranded or double stranded, e.g., for use in the

construction of a mutant gene. Oligonucleotides may be sense or antisense oligonucleotides.

An oligonucleotide can include a label, including a radiolabel, a fluorescent label, a hapten or

an antigenic label, for detection assays. Oligonucleotides may be used, for example, as PCR

primers, cloning primers or hybridization probes.

[00408] An "isolated nucleic acid molecule" means a DNA or RNA of genomic, mRNA,

cDNA, or synthetic origin or some combination thereof which is not associated with all or a

portion of a polynucleotide in which the isolated polynucleotide is found in nature, or is linked

to a polynucleotide to which it is not linked in nature. For purposes of this disclosure, it should

be understood that "a nucleic acid molecule comprising" a particular nucleotide sequence does

not encompass intact chromosomes. Isolated nucleic acid molecules "comprising" specified

nucleic acid sequences may include, in addition to the specified sequences, coding sequences

for up to ten or even up to twenty other proteins or portions thereof, or may include operably

linked regulatory sequences that control expression of the coding region of the recited nucleic

acid sequences, and/or may include vector sequences.

[00409] Unless specified otherwise, the left-hand end of any single-stranded

polynucleotide sequence discussed herein is the 5' end; the left-hand direction of double-

stranded polynucleotide sequences is referred to as the 5' direction. The direction of 5' to 3'

addition of nascent RNA transcripts is referred to as the transcription direction; sequence

regions on the DNA strand having the same sequence as the RNA transcript that are 5' to the 5'



end of the RNA transcript are referred to as "upstream sequences;" sequence regions on the

DNA strand having the same sequence as the RNA transcript that are 3' to the 3' end of the

RNA transcript are referred to as "downstream sequences."

[00410] The term "control sequence" refers to a polynucleotide sequence that can affect

the expression and processing of coding sequences to which it is ligated. The nature of such

control sequences may depend upon the host organism. In particular embodiments, control

sequences for prokaryotes may include a promoter, a ribosomal binding site, and a transcription

termination sequence. For example, control sequences for eukaryotes may include promoters

comprising one or a plurality of recognition sites for transcription factors, transcription

enhancer sequences, and transcription termination sequences. "Control sequences" can include

leader sequences and/or fusion partner sequences.

[00411] The term "vector" means any molecule or entity (e.g., nucleic acid, plasmid,

bacteriophage or virus) used to transfer protein coding information into a host cell.

[00412] The term "expression vector" or "expression construct" refers to a vector that is

suitable for transformation of a host cell and contains nucleic acid sequences that direct and/or

control (in conjunction with the host cell) expression of one or more heterologous coding

regions operatively linked thereto. An expression construct may include, but is not limited to,

sequences that affect or control transcription, translation, and, if introns are present, affect RNA

splicing of a coding region operably linked thereto.

[00413] As used herein, "operably linked" means that the components to which the term

is applied are in a relationship that allows them to carry out their inherent functions under

suitable conditions. For example, a control sequence in a vector that is "operably linked" to a

protein coding sequence is ligated thereto so that expression of the protein coding sequence is

achieved under conditions compatible with the transcriptional activity of the control sequences.

[00414] The term "host cell" means a cell that has been transformed with a nucleic acid

sequence and thereby expresses a gene of interest. The term includes the progeny of the parent

cell, whether or not the progeny is identical in morphology or in genetic make-up to the

original parent cell, so long as the gene of interest is present.

[00415] The terms "polypeptide" or "protein" are used interchangeably herein to refer to

a polymer of amino acid residues. The terms also apply to amino acid polymers in which one

or more amino acid residues is an analog or mimetic of a corresponding naturally occurring

amino acid, as well as to naturally occurring amino acid polymers. The terms can also

encompass amino acid polymers that have been modified, e.g., by the addition of carbohydrate

residues to form glycoproteins, or phosphorylated. Polypeptides and proteins can be produced



by a naturally-occurring and non-recombinant cell; or it is produced by a genetically-

engineered or recombinant cell, and comprise molecules having the amino acid sequence of the

native protein, or molecules having deletions from, additions to, and/or substitutions of one or

more amino acids of the native sequence. The terms "polypeptide" and "protein" specifically

encompass LCAT antigen-binding proteins, antibodies, or sequences that have deletions from,

additions to, and/or substitutions of one or more amino acids of an antigen-binding protein.

The term "polypeptide fragment" refers to a polypeptide that has an amino-terminal deletion, a

carboxyl-terminal deletion, and/or an internal deletion as compared with the full-length protein.

Such fragments may also contain modified amino acids as compared with the full-length

protein. In certain embodiments, fragments are about five to 500 amino acids long. For

example, fragments may be at least 5, 6, 8, 10, 14, 20, 50, 70, 100, 110, 150, 200, 250, 300,

350, 400, or 450 amino acids long. Useful polypeptide fragments include immunologically

functional fragments of antibodies, including binding domains. In the case of an LCAT

antibody, useful fragments include but are not limited to a CDR region, a variable domain of a

heavy or light chain, a portion of an antibody chain or just its variable region including two

CDRs, and the like.

[00416] The term "isolated protein" means that a subject protein (1) is free of at least

some other proteins with which it would normally be found, (2) is essentially free of other

proteins from the same source, e.g., from the same species, (3) is expressed by a cell from a

different species, (4) has been separated from at least about 50 percent of polynucleotides,

lipids, carbohydrates, or other materials with which it is associated in nature, (5) is operably

associated (by covalent or noncovalent interaction) with a polypeptide with which it is not

associated in nature, or (6) does not occur in nature. Typically, an "isolated protein" constitutes

at least about 5%, at least about 10%, at least about 25%, or at least about 50% of a given

sample. Genomic DNA, cDNA, mRNA or other RNA, of synthetic origin, or any combination

thereof may encode such an isolated protein. Preferably, the isolated protein is substantially

free from proteins or polypeptides or other contaminants that are found in its natural

environment that would interfere with its therapeutic, diagnostic, prophylactic, research or

other use.

[00417] A "variant" of a polypeptide (e.g., an antigen binding protein such as an

antibody) comprises an amino acid sequence wherein one or more amino acid residues are

inserted into, deleted from and/or substituted into the amino acid sequence relative to another

polypeptide sequence. Variants include fusion proteins.



[00418] A "derivative" of a polypeptide is a polypeptide (e.g., an antigen binding protein

such as an antibody) that has been chemically modified in some manner distinct from insertion,

deletion, or substitution variants, e.g., via conjugation to another chemical moiety.

[00419] The term "naturally occurring" as used throughout the specification in

connection with biological materials such as polypeptides, nucleic acids, host cells, and the

like, refers to materials which are found in nature.

[00420] "Amino acid" includes its normal meaning in the art. The twenty naturally-

occurring amino acids and their abbreviations follow conventional usage. See, Immunology -A

Synthesis, 2nd Edition, (E. S. Golub and D. R. Green, eds.), Sinauer Associates: Sunderland,

Mass. (1991), incorporated herein by reference for any purpose. Stereoisomers (e.g., D-amino

acids) of the twenty conventional amino acids, unnatural amino acids such as [alpha]-, [alpha]-

disubstituted amino acids, N-alkyl amino acids, and other unconventional amino acids may also

be suitable components for polypeptides and are included in the phrase "amino acid."

Examples of unconventional amino acids include: 4-hydroxyproline, [gamma]-

carboxyglutamate, [epsilon]-N,N,N-trimethyllysine, [epsilon]-N-acetyllysine, O-

phosphoserine, N-acetylserine, N-formylmethionine, 3-methylhistidine, 5-hydroxylysine,

[sigma]-N-methylarginine, and other similar amino acids and imino acids (e.g., 4-

hydroxyproline). In the polypeptide notation used herein, the left-hand direction is the amino

terminal direction and the right-hand direction is the carboxyl-terminal direction, in accordance

with standard usage and convention.

[00421] A "subject" or "patient" as used herein can be any mammal. In a typical

embodiment, the subject or patient is a human.

Overview

[00422] Agonist antigen binding proteins that bind LCAT, including human LCAT

(hLCAT) are provided herein. In one embodiment, the human LCAT has the sequence as such

as set forth in SEQ ID NO: 1. In another embodiment, the human LCAT has the sequence as set

forth in SEQ ID NO:2. The identification of antigen binding proteins that can act as agonists of

LCAT is a significant advance for several reasons. It is believed that the antibodies and other

antigen binding proteins that are provided herein are the first to be developed that are capable

of activating LCAT. In fact, there are only a very limited number of antibodies known in the

art that can activate any enzyme. Furthermore, it is surprising that a large protein such as an

antibody can activate a relatively small enzyme such as LCAT; the skilled person would have

expected that a large antibody would block access to the enzyme and thus function as an



inhibitor rather than an agonist. Moreover, as described in greater detail in the Examples, some

of the agonist antigen binding proteins that are provided bind to a region of LCAT that is

distinct from antibodies that inhibit LCAT. The antigen binding proteins that are provided thus

bind a unique and important region of LCAT. Finally, it has been found that agonist LCAT

antigen binding proteins can be prepared by immunizing a host organism with an activated

form of LCAT. Although not intending to be bound by any particular theory, it is believed that

antibodies prepared by such methods bind and/or stabilize the enzyme in an activated form,

thereby resulting in an increase in enzyme activity.

[00423] The antigen binding proteins provided are polypeptides into which one or more

complementary determining regions (CDRs), as described herein, are embedded and/or joined.

In some antigen binding proteins, the CDRs are embedded into a "framework" region, which

orients the CDR(s) such that the proper antigen binding properties of the CDR(s) are achieved.

Certain antigen binding proteins described herein are antibodies or are derived from antibodies.

In other antigen binding proteins, the CDR sequences are embedded in a different type of

protein scaffold. The various structures are further described below.

[00424] The antigen binding proteins that are disclosed herein have a variety of utilities.

The antigen binding proteins, for instance, are useful in specific binding assays, affinity

purification of LCAT, and in screening assays to identify other agonists of LCAT activity.

Other uses for the antigen binding proteins include, for example, diagnosis of LCAT-associated

diseases or conditions and screening assays to determine the presence or absence of LCAT.

Given that the antigen binding proteins that are provided are agonists, the LCAT antigen

binding proteins have value in therapeutic methods in which it is useful to modulate HDL

particle size, increase plasma levels of HDL-C, and increase reverse cholesterol transport.

Accordingly, the antigen binding proteins have utility in the treatment and prevention of

atherosclerosis, various cardiovascular diseases and cholesterol-related disorders, inflammatory

conditions, thrombosis-related conditions, metabolic syndrome, diabetes and insulin-resistance.

The LCAT antigen binding proteins are also useful in treating the consequences, symptoms,

and/or pathology associated with either genetic or acquired LCAT deficiency and chronic

kidney disease (CKD).

LCAT Antigen Binding Proteins

General Features

[00425] A variety of selective binding agents useful for modulating the activity of LCAT

are provided. These agents include, for instance, antigen binding proteins that contain an



antigen binding domain (e.g., single chain antibodies, domain antibodies, and polypeptides with

an antigen binding region) and specifically bind to a LCAT polypeptide, in particular human

LCAT. Some of the agents, for example, are useful in enhancing the activity of LCAT, and can

activate one or more activities associated with LCAT.

[00426] In general the antigen binding proteins that are provided typically comprise one

or more CDRs as described herein (e.g., 1, 2, 3, 4, 5 or 6). In some instances, the antigen

binding protein comprises (a) a polypeptide structure and (b) one or more CDRs that are

inserted into and/or joined to the polypeptide structure. The polypeptide structure can take a

variety of different forms. For example, it can be, or comprise, the framework of a naturally

occurring antibody, or fragment or variant thereof, or may be completely synthetic in nature.

Examples of various polypeptide structures are further described below.

[00427] In certain embodiments, the polypeptide structure of the antigen binding

proteins is an antibody or is derived from an antibody. Accordingly, examples of certain

antigen binding proteins that are provided include, but are not limited to, monoclonal

antibodies, bispecific antibodies, minibodies, domain antibodies such as Nanobodies®,

synthetic antibodies (sometimes referred to herein as "antibody mimetics"), chimeric

antibodies, humanized antibodies, human antibodies, antibody fusions (sometimes referred to

as "antibody conjugates"), and portions or fragments of each, respectively. In some instances,

the antigen binding protein is an immunological fragment of a complete antibody (e.g., a Fab, a

Fab', a F(ab')2, or a scFv).

[00428] The antigen binding proteins as provided herein specifically bind to a human

LCAT. In a specific embodiment, the antigen binding protein specifically binds to human

LCAT comprising or consisting of the amino acid sequence of SEQ ID NO:l.

[00429] The antigen binding proteins that are provided are agonists and typically have

one, two, three, four, five or all six of the following characteristics:

(a) ability to increase the enzymatic activity of LCAT, where the activity can be

measured, for example, by the methods described herein (see, e.g., Example 1). The increase

can be at least 10, 25, 50, 100, 200, 300, 400% or more relative to the activity of LCAT of SEQ

ID NO: 1 under comparable conditions. In some embodiments, the increase is at least two- or

three-fold higher as compared to LCAT of SEQ ID NO: 1.

(b) ability when administered to a patient to elevate HDL levels in vivo;

(c) ability to increase plasma levels of apoA-I;

(d) ability to increase the plasma levels of LCAT protein (e.g., by 10, 20, 30, 40, 50,

60, 70, 80, 90, 100, or 200% or more);



(e) ability to decrease plasma levels of triglyceride (TG); and

(f) ability to promote reverse cholesterol transport.

[00430] In one embodiment, an LCAT antigen binding protein has one or more of the

following activities:

(a) binds human LCAT such that KD is <200 nM, is <150 nM, is <100 nM , is <50

nM, is <10 nM, is <5 nM, is <2 nM, or is < 1 nM (e..g, as determined by BiaCore such as

described in Example 3);

(b) has a half-life in human serum of at least 3 days;

(c) binds human LCAT of SEQ ID NO: 1 and cyno LCAT of SEQ ID NO:3;

(d) binds human LCAT of SEQ ID NO: 1 with KD <10 nM and binds cyno LCAT of

SEQ ID NO:3 with KD <500 nM;

(e) binds human LCAT of SEQ ID NO: 1 with KD <10 nM and binds cyno LCAT of

SEQ ID NO:3 with KD <100 nM;

(f) binds human LCAT of SEQ ID NO: 1 with KD <10 nM and binds cyno LCAT of

SEQ ID NO:3 with KD <10 nM; and

(g) binds human LCAT of SEQ ID NO: 1 but does not bind cyno LCAT of SEQ ID

NO:3.

[00431] Some antigen binding proteins that are provided have an on-rate (ka) for LCAT

of at least 104/ M x seconds, at least 10 /M x seconds, or at least 10 /M x seconds as measured,

for instance, as described in the examples below. Certain antigen binding proteins that are

provided have a slow dissociation rate or off-rate. Some antigen binding proteins, for instance,

have a k (off-rate) of l x 10 ~2 s 1 , or lx 10~ s 1 , or l x 10~4 s 1 , or l x 10~5 s 1 . In certain

embodiments, the antigen binding protein has a ¾ (equilibrium binding affinity) of less than

25 pM, 50 pM, 100 pM, 500 pM, 1 nM, 5 nM, 10 nM, 25 nM or 50 nM.

[00432] In another aspect, an antigen-binding protein is provided having a half-life of at

least one day in vitro or in vivo (e.g., when administered to a human subject). In one

embodiment, the antigen binding protein has a half-life of at least three days. In various other

embodiments, the antigen binding protein has a half-life of 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30,

40, 50, or 60 days or longer. In another embodiment, the antigen binding protein is derivatized

or modified such that it has a longer half-life as compared to the underivatized or unmodified

antibody. In another embodiment, the antigen binding protein contains point mutations to

increase serum half life. Further details regarding such mutant and derivatized forms are

provided below.



LCAT Antigen Binding Proteins with Naturally Occurring Antibody Structure

[00433] Some of the antigen binding proteins that are provided have the structure

typically associated with naturally occurring antibodies. The structural units of these

antibodies typically comprise one or more tetramers, each composed of two identical couplets

of polypeptide chains, though some species of mammals also produce antibodies having only a

single heavy chain. In a typical antibody, each pair or couplet includes one full-length "light"

chain (in certain embodiments, about 25 kDa) and one full-length "heavy" chain (in certain

embodiments, about 50-70 kDa). Each individual immunoglobulin chain is composed of

several "immunoglobulin domains", each consisting of roughly 90 to 110 amino acids and

expressing a characteristic folding pattern. These domains are the basic units of which

antibody polypeptides are composed. The amino-terminal portion of each chain typically

includes a variable domain that is responsible for antigen recognition. The carboxy-terminal

portion is more conserved evolutionarily than the other end of the chain and is referred to as the

"constant region" or "C region". Human light chains generally are classified as kappa and

lambda light chains, and each of these contains one variable domain and one constant domain.

Heavy chains are typically classified as mu, delta, gamma, alpha, or epsilon chains, and these

define the antibody's isotype as IgM, IgD, IgG, IgA, and IgE, respectively. IgG has several

subtypes, including, but not limited to, IgGl, IgG2, IgG3, and IgG4. IgM subtypes include

IgM, and IgM2. IgA subtypes include IgAl and IgA2. In humans, the IgA and IgD isotypes

contain four heavy chains and four light chains; the IgG and IgE isotypes contain two heavy

chains and two light chains; and the IgM isotype contains five heavy chains and five light

chains. The heavy chain C region typically comprises one or more domains that may be

responsible for effector function. The number of heavy chain constant region domains will

depend on the isotype. IgG heavy chains, for example, each contain three C region domains

known as CHI, C H2 and C H3. The antibodies that are provided can have any of these isotypes

and subtypes. In certain embodiments, the LCAT antibody is of the IgGl, IgG2, or IgG4

subtype.

[00434] In full-length light and heavy chains, the variable and constant regions are

joined by a "J" region of about twelve or more amino acids, with the heavy chain also including

a "D" region of about ten more amino acids. See, e.g. Fundamental Immunology, 2nd ed., Ch. 7

(Paul, W., ed.) 1989, New York: Raven Press (hereby incorporated by reference in its entirety

for all purposes). The variable regions of each light/heavy chain pair typically form the antigen

binding site.



[00435] One example of an IgG2 heavy constant domain of an exemplary LCAT

monoclonal antibody has the amino acid sequence:

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS

SGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTV ERKCCVECPPCP

APPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKT

KPREEQFNSTFRWSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTK

GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPML

DSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALFTNHYTQKSLSLSPGK* (SEQ. ID

NO: 6; asterisk corresponds to stop codon).

[00436] One example of a lambda light chain constant domain of an exemplary LCAT

monoclonal antibody has the amino acid sequence:

QPKAAP SVTLFPP SSEELQANKATLVCLISDF YPGAVTVAWKADSSPVKAGVETTTP SK

QSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS* (SEQ ID NO:7;

asterisk corresponds to stop codon)

[00437] An example of a kappa light chain constant domain of an exemplary LCAT

monoclonal antibody has the amino acid sequence:

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC* (SEQ ID NO:8;

asterisk corresponds to stop codon).

[00438] For the antibodies provided herein, the variable regions of immunoglobulin

chains generally exhibit the same overall structure, comprising relatively conserved framework

regions (FR) joined by three hypervariable regions, more often called "complementarity

determining regions" or CDRs. The CDRs from the two chains of each heavy chain/light chain

pair mentioned above typically are aligned by the framework regions to form a structure that

binds specifically with a specific epitope on LCAT. From N-terminal to C-terminal, naturally-

occurring light and heavy chain variable regions both typically conform with the following

order of these elements: FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. A numbering system

has been devised for assigning numbers to amino acids that occupy positions in each of these

domains. This numbering system is defined in Kabat Sequences of Proteins of Immunological

Interest (1987 and 1991, NIH, Bethesda, Md.), or Chothia & Lesk, 1987, J . Mol. Biol. 196:901-

917; Chothia et al, 1989, Nature 342:878-883.

[00439] The various heavy chain and light chain variable regions provided herein are

depicted in TABLE 2. Each of these variable regions may be attached to the above heavy and

light chain constant regions to form a complete antibody heavy and light chain, respectively.



Further, each of the so generated heavy and light chain sequences may be combined to form a

complete antibody structure. It should be understood that the heavy chain and light chain

variable regions provided herein can also be attached to other constant domains having

different sequences than the exemplary sequences listed above.

[00440] Specific examples of some of the full length heavy and light chains of the

antibodies that are provided and their corresponding amino acid sequences are summarized in

TABLE 1.

TABLE 1: Exemplary Heavy and Light Chains



Designation SEQ ID NO: Amino Acid Sequence

H2 10 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYQWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H3 1 1 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYDWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK



Designation SEQ ID NO: Amino Acid Sequence

H4 12 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYEWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H5 13 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYAWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK



Designation SEQ ID NO: Amino Acid Sequence

H6 14 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYSWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H7 15 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYTWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK



Designation SEQ ID NO: Amino Acid Sequence

H8 16 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYVWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H9 17 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYYWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK



Designation SEQ ID NO: Amino Acid Sequence

H10 18 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWVWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

Hl l 19 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSS TSCSRVMDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK



Designation SEQ ID NO: Amino Acid Sequence

H12 20 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWS WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTTCSRVMDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H13 2 1 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWS WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCTRVMDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H14 22 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWS WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCSRIMDV



Designation SEQ ID NO: Amino Acid Sequence

WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H15 23 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWS WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCSRVIDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK



Designation SEQ ID NO: Amino Acid Sequence

H16 24 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTTCSRVMDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H17 25 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCTRVMDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H18 26 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCSRIMDV



Designation SEQ ID NO: Amino Acid Sequence

WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H19 27 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCSRVIDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H20 28 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTTCTRVMDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP



Designation SEQ ID NO: Amino Acid Sequence

APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H21 29 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTTCSRIMDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H22 30 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTTCSRVIDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV



Designation SEQ ID NO: Amino Acid Sequence

KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H23 3 1 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCTRIMDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H24 32 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCTRVIDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H25 33 QVQLQESGPGLVKPSQTLSLTCTVSGASIS



Designation SEQ ID NO: Amino Acid Sequence

SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCSRIIDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H26 34 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTTCTRIMDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H27 35 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTTCTRVIDV
WGQGTTVTVSS



Designation SEQ ID NO: Amino Acid Sequence

ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H28 36 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTTCSRIIDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H29 37 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTSCTRIIDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC



Designation SEQ ID NO: Amino Acid Sequence

VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

H30 38 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYY
CAR ERGYCSSTTCTRIIDV
WGQGTTVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK



Designation SEQ ID NO: Amino Acid Sequence

H31 39 QVQLVQSGAEVKKPGASVKVSCKASGYT
FT GYYMH WVRQAPGQGLEWMG
WINPNSGGTNYAQKFQG
RVTMTRDTSISTAYMELNRLRSDDTAVYY
CAR GRWE LYAFDI WGQGTMVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSWTVPSSNFGTQTYTCNVDHK
PSNTKVDKTV ERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAK
TKPREEQFNSTFRVVSVLTVVHQDWLNG
KEYKCKVSNKGLPAPIEKTISKTK
GQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPML
DSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

LI 40 SSELTQDPAVSVALGQTVRITC
QGDSLRSYYAS WYQQKPGQAPVLVIY
GKNNRPS
GIPDRFSGSSSGNTASLTITGAQAEDEADY
YC NSRDNIGNH QV FGGGTKLTVLG
QPKAAPSVTLFPPSSEELQANKATLVCLIS
DFYPGAVTVAWKADSSPVKAGVETTTPS
KQSNNKYAASSYLSLTPEQWKSHRSYSCQ
VTHEGSTVEKTVAPTECS

L2 4 1 SSELTQDPAVSVALGQTVRITC
QGDSLRSYYAS WYQQKPGQAPVLVIY
GKNNRPS
GIPDRFSGSSSGNTASLTITGAQAEDEADY
YC GSRDNIGNH QV FGGGTKLTVLG
QPKAAPSVTLFPPSSEELQANKATLVCLIS
DFYPGAVTVAWKADSSPVKAGVETTTPS
KQSNNKYAASSYLSLTPEQWKSHRSYSCQ
VTHEGSTVEKTVAPTECS

L3 42 SSELTQDPAVSVALGQTVRITC
QGDSLRSYYAS WYQQKPGQAPVLVIY
GKNNRPS
GIPDRFSGSSSGNTASLTITGAQAEDEADY
YC NSRDNVGNH QV FGGGTKLTVLG



Designation SEQ ID NO: Amino Acid Sequence

QPKAAPSVTLFPPSSEELQANKATLVCLIS
DFYPGAVTVAWKADSSPVKAGVETTTPS
KQSNNKYAASSYLSLTPEQWKSHRSYSCQ
VTHEGSTVEKTVAPTECS

L4 43 SSELTQDPAVSVALGQTVRITC
QGDSLRSYYAS WYQQKPGQAPVLVIY
GKNNRPS
GIPDRFSGSSSGNTASLTITGAQAEDEADY
YC GSRDNVGNH QV FGGGTKLTVLG
QPKAAPSVTLFPPSSEELQANKATLVCLIS
DFYPGAVTVAWKADSSPVKAGVETTTPS
KQSNNKYAASSYLSLTPEQWKSHRSYSCQ
VTHEGSTVEKTVAPTECS

L5 44 EIVLTQSPGTLSLSPGERATLSC
RASQSVSGSYLT WYQQKPGQAPRLLIY
GASSRAT
GIPDRFSGSGSGTDFTLTISRLEPEDFAMYY
C QQYGGSPP FT FGPGTKVDIKR
TVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACE
VTHQGLSSPVTKSFNRGEC

[00441 ] Each of the exemplary heavy chains (HI, H2, H3 through H12) listed in

TABLE 1 can be combined with any of the exemplary light chains shown in TABLE 1 (LI or

L2) to form an antibody. Examples of such combinations include HI combined with either of

LI or L2; H2 combined with either of LI or L2; H3 combined with either of LI or L2, and so

on. In some instances, the antibodies include at least one heavy chain and one light chain from

those listed in TABLE 1. In other embodiments, the antibodies comprise two different heavy

chains and two different light chains listed in TABLE 1. In still other instances, the antibodies

contain two identical light chains and two identical heavy chains. As an example, an antibody

or immunologically functional fragment may include two HI heavy chains and two LI light

chains, or two H2 heavy chains and two L2 light chains and other similar combinations of pairs

of light chains and pairs of heavy chains as listed in TABLE 1.



[00442] Other antigen binding proteins that are provided are variants of antibodies

formed by combination of the heavy and light chains shown in TABLE 1 and comprise light

and/or heavy chains that each have at least 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99%

identity to the amino acid sequences of these chains. In some instances, such antibodies

include at least one heavy chain and one light chain, whereas in other instances the variant

forms contain two identical light chains and two identical heavy chains

Variable Domains of Exemplary LCAT Antigen Binding Proteins

[00443] Also provided are antigen binding proteins that contain a heavy chain variable

region selected from the group consisting of VH1, VH2, VH3, VH4, VH5, VH6, VH7, VH8, VH9,

VHIO, VHI 1, and VHI and/or a light chain variable region selected from the group consisting

of VLI , orVL2, as shown in TABLE 2 below, and immunologically functional fragments,

derivatives, muteins and variants of these light chain and heavy chain variable regions.

[00444] Antigen binding proteins of this type can generally be designated by the formula

" V H V ," where "x" corresponds to the number of heavy chain variable regions and "y"

corresponds to the number of the light chain variable regions (in general, x and y are each 1 or

2) as listed in TABLE 2 . However, the LCAT antigen binding proteins can also include a

single light chain variable domain or a single heavy chain variable domain, provided the

individual domain can bind an LCAT polypeptide (e.g., SEQ ID NO:l).

TABLE 2: Exemplary VH and VL Chains

Designation SEQ ID Amino Acid Sequence
NO:

VHI 45 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWS WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSS TSCSRVMDV
WGQGTTVTVSS

VH2 46 QVQLQESGPGLVKPSQTLSLTCTVSGASISS
GGYQWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

VH3 47 QVQLQESGPGLVKPSQTLSLTCTVSGASISS
GGYDWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS



Designation SEQ ID Amino Acid Sequence
NO:

VH4 48 QVQLQESGPGLVKPSQTLSLTCTVSGASISS
GGYEWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

VH5 49 QVQLQESGPGLVKPSQTLSLTCTVSGASISS
GGYAWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

VH6 50 QVQLQESGPGLVKPSQTLSLTCTVSGASISS
GGYSWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

VH7 5 1 QVQLQESGPGLVKPSQTLSLTCTVSGASISS
GGYTWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

VH8 52 QVQLQESGPGLVKPSQTLSLTCTVSGASISS
GGYVWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

VH9 53 QVQLQESGPGLVKPSQTLSLTCTVSGASISS
GGYYWSWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

VHIO 54 QVQLQESGPGLVKPSQTLSLTCTVSGASISS
GGYNWVWIRQHPGKGLEWI
GYIYYSGSTYYNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARE
RGYCSSTSCSRVMDVWGQGTTVTVSS

VHI I 55 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSS TSCSRVMDV
WGQGTTVTVSS

VH12 56 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWS WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTTCSRVMDV WGQGTTVTVSS



Designation SEQ ID Amino Acid Sequence
NO:

VH13 57 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWS WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCTRVMDV WGQGTTVTVSS

VH14 58 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWS WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCSRIMDV WGQGTTVTVSS

VH15 59 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWS WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCSRVIDV WGQGTTVTVSS

VH16 60 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTTCSRVMDV WGQGTTVTVSS

VH17 6 1 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCTRVMDV WGQGTTVTVSS

VH18 62 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCSRIMDV WGQGTTVTVSS

VH19 63 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCSRVIDV WGQGTTVTVSS

VH20 64 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTTCTRVMDV WGQGTTVTVSS

VH 1 65 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTTCSRIMDV WGQGTTVTVSS



Designation SEQ ID Amino Acid Sequence
NO:

VH22 66 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTTCSRVIDV WGQGTTVTVSS

VH23 67 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCTRIMDV WGQGTTVTVSS

VH24 68 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCTRVIDV WGQGTTVTVSS

VH25 69 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCSRIIDV WGQGTTVTVSS

VH26 70 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTTCTRIMDV WGQGTTVTVSS

VH27 7 1 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTTCTRVIDV WGQGTTVTVSS

VH28 72 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTTCSRIIDV WGQGTTVTVSS

VH29 73 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTSCTRIIDV WGQGTTVTVSS

VH30 74 QVQLQESGPGLVKPSQTLSLTCTVSGASIS
SGGYNWA WIRQHPGKGLEWIG
YIYYSGSTYYNPSLKS
RVTISVDTSKNQFSLKLSSVTAADTAVYYC
AR ERGYCSSTTCTRIIDV WGQGTTVTVSS



Designation SEQ ID Amino Acid Sequence
NO:

VH3 1 75 QVQLVQSGAEVKKPGASVKVSCKASGYTF
T GYYMH WVRQAPGQGLEWMG
WINPNSGGTNYAQKFQG
RVTMTRDTSISTAYMELNRLRSDDTAVYYC
AR GRWE LYAFDI WGQGTMVTVSS

VLI 76 SSELTQDPAVSVALGQTVRITC
QGDSLRSYYAS WYQQKPGQAPVLVIY
GKNNRPS
GIPDRFSGSSSGNTASLTITGAQAEDEADYY
C NSRDNIGNH QV FGGGTKLTVLG

VL2 77 SSELTQDPAVSVALGQTVRITC
QGDSLRSYYAS WYQQKPGQAPVLVIY
GKNNRPS
GIPDRFSGSSSGNTASLTITGAQAEDEADYY
C GSRDNIGNH QV FGGGTKLTVLG

VL3 78 SSELTQDPAVSVALGQTVRITC
QGDSLRSYYAS WYQQKPGQAPVLVIY
GKNNRPS
GIPDRFSGSSSGNTASLTITGAQAEDEADYY
C NSRDNVGNH QV FGGGTKLTVLG

VL4 79 SSELTQDPAVSVALGQTVRITC
QGDSLRSYYAS WYQQKPGQAPVLVIY
GKNNRPS
GIPDRFSGSSSGNTASLTITGAQAEDEADYY
C GSRDNVGNH QV FGGGTKLTVLG

VL5 80 EIVLTQSPGTLSLSPGERATLSC
RASQSVSGSYLT WYQQKPGQAPRLLIY
GASSRAT
GIPDRFSGSGSGTDFTLTISRLEPEDFAMYYC
QQYGGSPP FT FGPGTKVDIKR

[00445 ] Each of the heavy chain variable regions listed in TABLE 2 may be combined

with any of the light chain variable regions shown in TABLE 2 to form an antigen binding

protein. Examples of such combinations include VHI combined with either of VLI or V L ; V H2

combined with either of VLI or V L2; V H3 combined with either of VLI, and so on.

[00446 ] In some embodiments, the antigen binding protein includes at least one heavy

chain variable region and/or one light chain variable region from those listed in TABLE 2. In

some instances, the antigen binding protein includes at least two different heavy chain variable

regions and/or light chain variable regions from those listed in TABLE 2. An example of such

an antigen binding protein comprises (a) one VH1, and (b) one of VH2, VH3, VH4, VH5, VH6,

V H7, V H8, V H9, VHIO, VHI 1 or V H12 . Another example comprises (a) one V H2, and (b) one of

VH1, VH3, VH4, VH5, VH6, VH7, VH8, VH9, VH10, VH11 or VH12. Yet another example



comprises (a) one VH3, and (b) one of VH1, VH2, VH4, VH5, VH6, VH7, VH8, VH9, VH10, VH11,

or V H1 etc.

[00447] The various combinations of heavy chain variable regions may be combined

with any of the various combinations of light chain variable regions.

[00448] In certain embodiments, the antigen binding protein contains two identical light

chain variable regions and/or two identical heavy chain variable regions. As an example, the

antigen binding protein may be an antibody or immunologically functional fragment that

includes two light chain variable regions and two heavy chain variable regions in combinations

of pairs of light chain variable regions and pairs of heavy chain variable regions as listed in

TABLE 2.

[00449] Some antigen binding proteins that are provided comprise a heavy chain

variable domain comprising a sequence of amino acids that differs from the sequence of a

heavy chain variable domain selected from VH1, VH2, VH3, VH4, VH5, VH6, VH7, VH8, VH9,

VH10, V h 11 or VH12 at only 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino acid

residues, wherein each such sequence difference is independently either a deletion, insertion or

substitution of one amino acid, with the deletions, insertions and/or substitutions resulting in no

more than 15 amino acid changes relative to the foregoing variable domain sequences. The

heavy chain variable region in some antigen binding proteins comprises a sequence of amino

acids that has at least 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% sequence identity to the

amino acid sequences of the heavy chain variable region of VHI, V H2, V H3, V H4, V H5, V H6,

VH7, V h 8, V h 9, VHIO, V h 11 or VH12.

[00450] Certain antigen binding proteins comprise a light chain variable domain

comprising a sequence of amino acids that differs from the sequence of a light chain variable

domain selected from V l or V L2 at only 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino

acid residues, wherein each such sequence difference is independently either a deletion,

insertion or substitution of one amino acid, with the deletions, insertions and/or substitutions

resulting in no more than 15 amino acid changes relative to the foregoing variable domain

sequences. The light chain variable region in some antigen binding proteins comprises a

sequence of amino acids that has at least 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99%

sequence identity to the amino acid sequences of the light chain variable region of V l or V L2.

CDRs of Exemplary LCAT Antigen Binding Proteins

[00451 ] The antigen binding proteins disclosed herein are polypeptides into which one or

more CDRs are grafted, inserted and/or joined. An antigen binding protein can have 1, 2, 3, 4,



5 or 6 CDRs. An antigen binding protein thus can have, for example, one heavy chain CDR1

("CDRH1"), and/or one heavy chain CDR2 ("CDRH2"), and/or one heavy chain CDR3

("CDRH3"), and/or one light chain CDR1 ("CDRLl"), and/or one light chain CDR2

("CDRL2"), and/or one light chain CDR3 ("CDRL3"). Some antigen binding proteins include

both a CDRH3 and a CDRL3 . Specific heavy and light chain CDRs are identified in TABLES

3A and 3B, respectively.

[00452] Complementarity determining regions (CDRs) and framework regions (FR) of a

given antibody may be identified using the system described by Kabat et al. in Sequences of

Proteins of Immunological Interest, 5th Ed., US Dept. of Health and Human Services, PHS,

NIH, NIH Publication no. 91-3242, 1991. Certain antibodies that are disclosed herein comprise

one or more amino acid sequences that are identical or have substantial sequence identity to the

amino acid sequences of one or more of the CDRs presented in TABLE 3A (CDRHs) and

TABLE 3B (CDRLs).

TABLE 3A: Exemplary CDRH Sequences



CDRH3-10 ERGYCSSTSCTRVIDV 104
CDRH3-11 ERGYCSSTSCSRIIDV 105
CDRH3-12 ERGYC SSTTCTRIMDV 106
CDRH3-13 ERGYC SSTTCTRVIDV 107
CDRH3-14 ERGYCSSTTCSRIIDV 108
CDRH3-15 ERGYCSSTSCTRIIDV 109
CDRH3-16 ERGYC SSTTCTRIIDV 110

CDRH3-17 GRWELYAFDI 11 1

TABLE 3B: Exemplary CDRL Sequences

Designation Amino Acid Sequence SEQ ID NO:

CDRLl-1 QGDSLRSYYAS 112

CDRL 1-2 RASQSVSGSYLT 113

CDRL2-1 GK RPS 114

CDRL2-2 GASSRAT 115

CDRL3-1 NSRDNIGNHQV 116

CDRL3-2 GSRDNIGNHQV 117

CDRL3-3 NSRDNVGNHQV 118

CDRL3-4 GSRDNVGNHQV 119

CDRL3-5 QQYGGSPPFT 120

[00453] The structure and properties of CDRs within a naturally occurring antibody has

been described, supra. Briefly, in a traditional antibody, the CDRs are embedded within a

framework in the heavy and light chain variable region where they constitute the regions

responsible for antigen binding and recognition. A variable region comprises at least three

heavy or light chain CDRs, see, supra (Kabat et al, 1991, Sequences of Proteins of

Immunological Interest, Public Health Service N.I.H., Bethesda, MD; see also Chothia and

Lesk, 1987, J. Mol. Biol. 196:901-917; Chothia et al, 1989, Nature 342: 877-883), within a

framework region (designated framework regions 1-4, FRl, FR2, FR3, and FR4, by Kabat et

al., 1991, supra; see also Chothia and Lesk, 1987, supra). The CDRs provided herein,

however, may not only be used to define the antigen binding domain of a traditional antibody

structure, but may be embedded in a variety of other polypeptide structures, as described

herein.

[00454] In one aspect, the CDRs provided are (A) a CDRH selected from the group

consisting of (i) a CDRHl selected from the group consisting of SEQ ID NO:81-92; (ii) a

CDRH2 selected from the group consisting of SEQ ID NO:93-94; (iii) a CDRH3 selected from



the group consisting of SEQ ID NO:95- 1 1 1; and (iv) a CDRH of (i), (ii) and (iii) that contains

one or more amino acid substitutions, deletions or insertions of no more than five, four, three,

two, or one amino acids; (B) a CDRL selected from the group consisting of (i) a CDRL1

selected from the group consisting of SEQ ID NO: 112-113 (ii) a CDRL2 selected from the

group consisting of SEQ ID NO: 114-1 15; (iii) a CDRL3 selected from the group consisting of

SEQ ID NO: 116-120; and (iv) a CDRL of (i), (ii) and (iii) that contains one or more amino acid

substitutions, deletions or insertions of no more than five, four, three, two, or one amino acids

amino acids.

[00455] In another aspect, an antigen binding protein includes 1, 2, 3, 4, 5, or 6 variant

forms of the CDRs listed in TABLES 3A and 3B, each having at least 80%, 85%, 90%, 95% ,

96%, 97%, 98%, or 99% sequence identity to a CDR sequence listed in TABLES 3A and 3B.

Some antigen binding proteins include 1, 2, 3, 4, 5, or 6 of the CDRs listed in TABLES 3A

and 3B, each or collectively differing by no more than 1, 2, 3, 4 or 5 amino acids from the

CDRs listed in these tables.

Exemplary Antigen Binding Proteins

[00456] The sequence information for specific antibodies prepared and identified as

described in the Examples below is summarized in TABLE 4. Thus, in an embodiment, an

antigen binding protein is an antibody with the CDR, variable domain and/or light and heavy

chain sequences as specified in one of the rows of TABLE 4.









[00457] In various other embodiments, the antigen binding protein is derived from such

antibodies. For instance, in one aspect, the antigen binding protein comprises 1, 2, 3, 4, 5 or all

6 of the CDRs listed in one of the rows for any particular antibody listed in TABLE 4. In

another aspect, an antigen binding protein includes 1, 2, 3, 4, 5, or 6 variant forms of the CDRs

listed in one of the rows for an antibody in TABLE 4, each CDR having at least 80%, 85%,

90%, 95%, 96%, 97%, 98%, or 99% sequence identity to a CDR sequence listed in TABLE 4.

Some antigen binding proteins include 1, 2, 3, 4, 5, or 6 of the CDRs listed in one of the rows

of TABLE 4, each differing by no more than 1, 2, 3, 4 or 5 amino acids from the CDRs listed in

these tables. In another aspect, the antigen binding protein comprises all 6 of the CDRS listed

in a row of TABLE 4 and the total number of amino acid changes to the CDRs collectively is

no more than 1, 2, 3, 4, or 5 amino acids.

[00458] Some antigen binding proteins comprise a variable light domain and a variable

heavy domain as listed in one of the rows for one of the antibodies listed in TABLE 4. In some

instances, the antigen binding protein comprises two identical variable light domains and two

identical variable heavy domains from one of the antibodies listed in TABLE 4. Some antigen

binding proteins that are provided comprise a variable light domain and a variable heavy

domain as listed in one of the rows for one of the antibodies listed in TABLE 4, except that one

or both of the domains differs from the sequence specified in the table at only 1, 2, 3, 4, 5, 6, 7,

8, 9, 10, 11, 12, 13, 14 or 15 amino acid residues, wherein each such sequence difference is

independently either a single amino acid deletion, insertion or substitution, with the deletions,

insertions and/or substitutions resulting in no more than 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,

14 or 15 amino acid changes relative to the variable domain sequences specified in TABLE 4.

Other antigen binding proteins also comprise a variable light domain and a variable heavy

domain as listed in one of the rows for one of the antibodies listed in TABLE 4, except that one

or both of the domains differs from the sequence specified in the table in that the heavy chain

variable domain and/or light chain variable domain comprises or consists of a sequence of

amino acids that has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%

sequence identity to the amino acid sequences of the heavy chain variable domain or light chain

variable domain sequences as specified in TABLE 4.

[00459] In another aspect, the antigen binding protein consists just of a variable light or

variable heavy domain from an antibody listed in TABLE 4. In still another aspect, the antigen

binding protein comprises two or more of the same variable heavy domains or two or more of

the same variable light domains from those listed in TABLE 4. Such domain antibodies can be



fused together or joined via a linker as described in greater detail below. The domain

antibodies can also be fused or linked to one or more molecules to extend the half-life (e.g.,

PEG or albumin).

[00460] In another aspect, the antigen binding protein comprises a full length light chain

and a full length heavy chain as listed in one of the rows for one of the antibodies listed in

TABLE 4. Some antigen binding proteins that are provided comprise a full length light chain

and a full length heavy chain as listed in one of the rows for one of the antibodies listed in

TABLE 4, except that one or both of the chains differs from the sequence specified in the table

at only 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino acid residues, wherein each such

sequence difference is independently either a single amino acid deletion, insertion or

substitution, with the deletions, insertions and/or substitutions resulting in no more than 1, 2, 3,

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino acid changes relative to the full length sequences

specified in TABLE 4. Other antigen binding proteins also comprise a full length light chain

and a full length heavy chain as listed in one of the rows for one of the antibodies listed in

TABLE 4, except that one or both of the chains differs from the sequence specified in the table

in that the light chain and/or heavy chain comprises or consists of a sequence of amino acids

that has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity

to the amino acid sequences of the light chain or heavy chain sequences as specified in

TABLE 4.

[00461 ] In another embodiment, the antigen binding protein consists of a just a light or a

heavy chain polypeptide as set forth in TABLE 4.

[00462] In still another aspect, antigen-binding proteins containing the CDRs, variable

domains and/or full length sequences listed in TABLE 4 is a monoclonal antibody, a chimeric

antibody, a humanized antibody, a human antibody, a multispecific antibody, or an antibody

fragment of the foregoing. In another embodiment, the antibody fragment of the isolated

antigen-binding proteins provided herein is a Fab fragment, a Fab' fragment, an F(ab')2

fragment, an Fv fragment, a diabody, or a single chain antibody molecule based upon an

antibody with the sequences as listed in TABLE 4.

[00463] In a further embodiment, the isolated antigen binding protein provided herein is

a human antibody with the sequences as set forth in TABLE 4 and is of the IgGl-, IgG2- IgG3-

or IgG4-type.

[00464] In yet another aspect, the isolated antigen-binding protein provided in TABLE 4

can be coupled to a labeling group and can compete for binding to LCAT with an antigen

binding protein of one of the isolated antigen-binding proteins provided herein.



[00465] Certain antigen binding proteins comprise the CDR, variable domain and/or full

length sequences as specified in one of the rows of TABLE 4 and are further characterized in

having one or more of the following characteristics:

(a) binds human LCAT such that KD is <200 nM, is <150 nM, is <100 nM , is <50

nM, is <10 nM, is <5 nM, is <2 nM, or is < 1 nM (e..g, as determined by BiaCore such as

described in Example 3);

(b) has a half-life in human serum of at least 3 days;

(c) binds human LCAT of SEQ ID NO:1 and cyno LCAT of SEQ ID NO:3;

(d) binds human LCAT of SEQ ID NO: 1 with KD <10 nM and binds cyno LCAT of

SEQ ID NO:3 with KD <500 nM;

(e) binds human LCAT of SEQ ID NO: 1 with KD <10 nM and binds cyno LCAT of

SEQ ID NO:3 with KD <100 nM;

(f) binds human LCAT of SEQ ID NO: 1 with KD <10 nM and binds cyno LCAT of

SEQ ID NO:3 with KD <10 nM; and

(g) binds human LCAT of SEQ ID NO: 1 but does not bind cyno LCAT of SEQ ID

NO:3.

Binding Regions of Antigen Binding Proteins

[00466] As described in greater detail in Examples 9-12 below, the region(s) of human

LCAT protein (e.g., SEQ ID NOT) to which the 27C3 and 18E5 antibodies bind was

determined by x-ray crystallography and by calculation of solvent exposure differences

determined from the x-ray crystallography data. The skilled person will understand that in one

aspect the LCAT antigen binding proteins that are provided can bind additional amino acids in

addition to the particular amino acids listed below or bind to amino acids in regions in addition

to the particular region(s) described below. In another aspect, the LCAT binding protein binds

only to the specified amino acids or to amino acids in the specified regions. In an embodiment,

the regions and/or amino acids bound correspond to the regions and/or amino acids when the

LCAT protein is in an active conformation.

27C3 Binding

[00467] LCAT amino acids involved in binding or within 5 angstroms of a 27C3 Fab

include the following: S255, R256, M257, A258, W259, P260, Y3 15, V3 17, G3 18, L3 19,

P320, T321, Y341, E342, D343, T350, R351, E354, L355, C356, G357, L358, Q360, R362,

V367, H368, L369, P371, H373 and G374 of SEQ ID NOT.



[00468] The solvent exposure difference analysis (see Example 11) identified very

similar amino acids from LCAT as being at the interface with the 27C3 Fab; these amino acids

include the following: R256, M257, A258, P260, D262, Y315, V317, G318, L319, P320,

Y341, E342, D343, T350, R351, E354, L355, G357, L358, Q360, G361, R362, P366, V367,

H368, L369, P371, H373, G374 and H389 of SEQ ID NO:l.

[00469] Thus, in an embodiment, antigen binding proteins that are provided herein bind

to the same region(s) or amino acids of LCAT as antibody 27C3. Accordingly, in one aspect,

an LCAT antigen binding protein binds to amino acids located within a region of an LCAT

polypeptide extending from amino acid 255 to amino acid 389 of SEQ ID NO:l, inclusive. In

another embodiment, the LCAT antigen binding protein binds to amino acids located within a

region from amino acid 255 to amino acid 374 of SEQ ID NO:l, inclusive.

[00470] Certain LCAT antigen binding proteins bind to amino acids within one, two or

all three of the following regions: (a) the region from amino acid 255 to amino acid 262 of SEQ

ID NO: 1, inclusive; (b) the region from amino acid 315 to amino acid 321 of SEQ ID NO: 1,

inclusive; and (c) the region from amino acid 341 to amino acid 374 of SEQ ID NO: 1,

inclusive.

[00471 ] Still other LCAT antigen binding proteins bind to amino acids within one, two,

three or all four of the following regions: (a) the region from amino acid 255 to amino acid 262

of SEQ ID NO: 1, inclusive; (b) the region from amino acid 315 to amino acid 321 of SEQ ID

NO:l, inclusive; (c) the region from amino acid 341 to amino acid 343 of SEQ ID NO:l,

inclusive; and (d) the region from amino acid 350 to amino acid 374 of SEQ ID NO: 1,

inclusive.

[00472] In one embodiment, the LCAT antigen binding protein binds to, or residues of

the antigen binding protein are within 5 angstroms of, at least 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or all 30 of the amino acids selected from the group

consisting of S255, R256, M257, A258, W259, P260, Y315, V317, G318, L319, P320, T321,

Y341, E342, D343, T350, R351, E354, L355, C356, G357, L358, Q360, R362, V367, H368,

L369, P371, H373 and G374 of SEQ ID NO:l. In one embodiment, the distance between the

LCAT antigen binding protein and the residues of LCAT is determined by x-ray

crystallography as described in Example 9.

[00473] In yet other embodiments, an LCAT antigen binding protein binds to, or

residues of the binding protein are within 5 angstroms of, at least 10, 11, 12, 13, 14, 15, 16, 17,

18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or all 30 of the amino acids selected from the group

consisting of amino acids R256, M257, A258, P260, D262, Y315, V317, G318, L319, P320,



Y341, E342, D343, T350, R351, E354, L355, G357, L358, Q360, G361, R362, P366, V367,

H368, L369, P371, H373, G374 and H389 of SEQ ID NO:l. In one embodiment, the distance

between the residues of the LCAT antigen binding protein and the residues of LCAT is

determined from solvent accessible surface area differences as described in Example 11.

[00474] In another aspect, the LCAT antigen binding protein binds to an epitope located

within amino acid 255 to amino acid 389 of SEQ ID NO: 1, inclusive. Other LCAT antigen

binding proteins bind to an epitope between amino acid 255 and amino acid 374, inclusive. In

some of these embodiments, the epitope is a conformational and/or discontinuous epitope.

18E5 Binding

[00475] LCAT amino acids involved in binding or within 5 angstroms of an 18E5 Fab

include the following: Y315, V317, D343, T350, R351, E354, G357, Q360, G361, Q365,

P366, V367, H368, L369, L370, P371, L372, H373, 1375, L385, E388, H389, A392, L395,

G396, A397, Y398 and R399 of SEQ ID NO:l.

[00476] The solvent exposure difference analysis (see Example 11) identified very

similar amino acids from LCAT as being at the interface with the 27C3 Fab; these amino acids

include the following: Y315, V317, E342, D343, T350, R351, E354, G357, Q360, G361,

P364, P366, V367, H368, L369, L370, P371, L372, H373, L385, E388, H389, A392, L395,

G396, A397, Y398 and R399 of SEQ ID NO:l.

[00477] Thus, in an embodiment, LCAT antigen binding proteins that are provided

herein bind to the same region(s) or amino acids of LCAT as antibody 18E5. Accordingly, in

one aspect, an LCAT antigen binding protein binds to amino acids located within a region of an

LCAT polypeptide extending from amino acid 3 15 to amino acid 399 of SEQ ID NO: 1,

inclusive. In another embodiment, the LCAT antigen binding protein binds to amino acids

located within a region from amino acid 342 to amino acid 399 of SEQ ID NO:l, inclusive.

[00478] Certain LCAT antigen binding proteins bind to amino acids within one or both

of the following regions: (a) the region from amino acid 350 to amino acid 375 of SEQ ID

NO: 1, inclusive; and (b) the region from amino acid 385 to amino acid 399 of SEQ ID NO: 1,

inclusive.

[00479] Other LCAT antigen binding proteins bind to amino acids within one, two or all

three of the following regions: (a) the region from amino acid 315 to amino acid 3 17 of SEQ ID

NO:l, inclusive; (b) the region from amino acid 350 to amino acid 375 of SEQ ID NO:l,

inclusive; and (c) the region from amino acid 385 to amino acid 399 of SEQ ID NO: 1,

inclusive.



[00480] In still other embodiments, an LCAT antigen binding protein binds within one,

two, three or all four of the following regions: (a) the region from amino acid 315 to amino

acid 3 17 of SEQ ID NO: 1, inclusive, (b) the region from amino acid 342 to amino acid 343 of

SEQ ID NO:l, inclusive, (c) the region from amino acid 350 to amino acid 375 of SEQ ID

NO:l, inclusive, and (d) the region from amino acid 385 to amino acid 399 of SEQ ID NO:l,

inclusive.

[00481 ] In various embodiments, an LCAT antigen binding protein binds to, or residues

of the binding protein are within 5 angstroms of, at least 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

20, 21, 22, 23, 24, 25, 26, 27 or all 28 amino acids selected from the group consisting of Y315,

V317, D343, T350, R351, E354, G357, Q360, G361, Q365, P366, V367, H368, L369, L370,

P371, L372, H373, 1375, L385, E388, H389, A392, L395, G396, A397, Y398 and R399 of

SEQ ID NO: 1. In one embodiment, the distance between the residues of the LCAT antigen

binding protein and the residues of LCAT is determined by x-ray crystallography as described

in Example 10.

[00482] In other embodiments, an LCAT antigen binding protein binds to, or residues of

the binding protein are within 5 angstroms of, at least 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,

21, 22, 23, 24, 25, 26, 27 or all 28 amino acids selected from the group consisting of Y3 15,

V317, E342, D343, T350, R351, E354, G357, Q360, G361, P364, P366, V367, H368, L369,

L370, P371, L372, H373, L385, E388, H389, A392, L395, G396, A397, Y398 and R399 of

SEQ ID NO:l. In one embodiment, the distance between the residues of the LCAT antigen

binding protein and the residues of LCAT is determined from solvent accessible surface area

differences as described in Example 11.

[00483] In another aspect, the LCAT antigen binding protein binds to an epitope located

within amino acid 3 15 to amino acid 399 of SEQ ID NO: 1, inclusive. Other LCAT antigen

binding proteins bind to an epitope between amino acid 343 and amino acid 399 of SEQ ID

NO:l, inclusive. In some of these embodiments, the epitope is a conformational and/or

discontinuous epitope.

Common Binding Features of the 27C3 and 18E5 Antibodies

[00484] The x-ray crystal structure results for antibodies 27C3 and 18E5 demonstrate

that the these two agonist antibodies bind to a very similar region of the LCAT protein. X-ray

crystal structures were also determined for two inhibitory antibodies when complexed with

human LCAT. Interestingly, the agonist antibodies 27C3 and 18E5 bind on the opposite side of

LCAT as compared to the two inhibitory antibodies (see Example 12 and FIGS. 3A and 3B).



In particular, the 27C3 and 18E5 antibodies bind behind D345 of the catalytic triad. It thus

appears that there are two very distinct binding regions depending upon whether the antibody is

an agonist or antagonist.

[00485] The amino acids of human LCAT that are within 5 angstroms of residues from

both the 27C3 and 18E5 antibodies include: Y315, V317, D343, T350, R351, E354, G357,

Q360, V367, H368, L369, P371 and H373 ofSEQ ID O:l .

[00486] Thus, in an embodiment, an LCAT antigen binding protein as provided herein

binds to the same region(s) or amino acids of LCAT as are bound by both antibody 27C3 and

18E5. Accordingly, in one aspect, an LCAT antigen binding protein binds to amino acids

located within a region of an LCAT polypeptide extending from amino acid 315 to amino acid

373 of SEQ ID NO:l, inclusive.

[00487] Certain LCAT antigen binding proteins bind to amino acids within one or both

of the following regions: (a) the region from amino acid 315 to amino acid 317 of SEQ ID

NO: 1, inclusive; and (b) the region from amino acid 343 to amino acid 373 of SEQ ID NO: 1,

inclusive.

[00488] Other LCAT antigen binding proteins bind to amino acids within one or both of

the following regions: (a) the region from amino acid 315 to amino acid 317 of SEQ ID NO: 1,

inclusive; and (b) the region from amino acid 350 to amino acid 373 of SEQ ID NO:l,

inclusive.

[00489] In various embodiments, an LCAT antigen binding protein binds to, or residues

of the binding protein are within 5 angstroms of, at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or all 13 of

the amino acids selected from the group consisting of Y315, V317, D343, T350, R351, E354,

G357, Q360, V367, H368, L369, P371 and H373 of SEQ ID NO:l. In one embodiment, the

distance between the residues of the LCAT antigen binding protein and the residues of LCAT is

determined by x-ray crystallography as described in Examples 9 and 10.

[00490] In another aspect, the LCAT antigen binding protein binds to an epitope located

within amino acid 315 to amino acid 373 of SEQ ID NO: 1, inclusive. Other LCAT antigen

binding proteins bind to an epitope between amino acid 343 and amino acid 373 of SEQ ID

NO:l, inclusive. In some of these embodiments, the epitope is a conformational and/or

discontinurous epitope.

Competing Antigen Binding Proteins

[00491 ] In another embodiment, antigen binding proteins are provided that compete with

one of the exemplified antibodies or functional fragments for described above for specific



binding to a human LCAT (e.g., SEQ ID NO: 1). Such antigen binding proteins may bind to the

same epitope as one of the antigen binding proteins described herein, or to an overlapping

epitope. Antigen binding proteins and fragments that compete with the exemplified antigen

binding proteins are expected to show similar functional properties. The exemplified antigen

binding proteins and fragments include those described above, including those with the heavy

and light chains, variable region domains and CDRs included in TABLES 1, 2, 3, and 4.

Thus, as a specific example, the antigen binding proteins that are provided include those that

compete with an antibody having:

(a) all 6 of the CDRs listed for any antibody listed in TABLE 4 ;

(b) a VH and a VL listed for any antibody listed in TABLE 4 ; or

(c) two light chains and two heavy chains as specified for any antibody listed in

TABLE 4.

In an embodiment, competition is determined by a BIAcore assay as described in Example 8.

Monoclonal Antibodies

[00492] The antigen binding proteins that are provided include monoclonal antibodies

that bind to LCAT. Monoclonal antibodies may be produced using any technique known in the

art, e.g., by immortalizing spleen cells harvested from the transgenic animal after completion of

the immunization schedule. The spleen cells can be immortalized using any technique known

in the art, e.g., by fusing them with myeloma cells to produce hybridomas. Myeloma cells for

use in hybridoma-producing fusion procedures preferably are non-antibody -producing, have

high fusion efficiency, and enzyme deficiencies that render them incapable of growing in

certain selective media which support the growth of only the desired fused cells (hybridomas).

Examples of suitable cell lines for use in mouse fusions include Sp-20, P3-X63/Ag8, P3-X63-

Ag8.653, NSl/l.Ag 4 1, Sp210-Agl4, FO, NSO/U, MPC-1 1, MPC1 1-X45-GTG 1.7 and

S194/5XXO Bui; examples of cell lines used in rat fusions include R210.RCY3, Y3-Ag 1.2.3,

IR983F and 4B210. Other cell lines useful for cell fusions are U-266, GM1500-GRG2, LICR-

LON-HMy2 and UC729-6.

[00493] In some instances, a hybridoma cell line is produced by immunizing an animal

(e.g., a transgenic animal having human immunoglobulin sequences) with an LCAT

immunogen; harvesting spleen cells from the immunized animal; fusing the harvested spleen

cells to a myeloma cell line, thereby generating hybridoma cells; establishing hybridoma cell

lines from the hybridoma cells, and identifying a hybridoma cell line that produces an antibody



that binds an LCAT polypeptide. Such hybridoma cell lines, and anti-LCAT monoclonal

antibodies produced by them, are aspects of the present application.

[00494] Monoclonal antibodies secreted by a hybridoma cell line can be purified using

any technique known in the art. Hybridomas or mAbs may be further screened to identify

mAbs with particular properties, such as the ability to increase LCAT activity. Examples of

such screens are provided in the Examples below.

Chimeric and Humanized Antibodies

[00495] Chimeric and humanized antibodies based upon the foregoing sequences are

also provided. Monoclonal antibodies for use as therapeutic agents may be modified in various

ways prior to use. One example is a chimeric antibody, which is an antibody composed of

protein segments from different antibodies that are covalently joined to produce functional

immunoglobulin light or heavy chains or immunologically functional portions thereof.

Generally, a portion of the heavy chain and/or light chain is identical with or homologous to a

corresponding sequence in antibodies derived from a particular species or belonging to a

particular antibody class or subclass, while the remainder of the chain(s) is/are identical with or

homologous to a corresponding sequence in antibodies derived from another species or

belonging to another antibody class or subclass. For methods relating to chimeric antibodies,

see, for example, United States Patent No. 4,816,567; and Morrison etal, 1985, Proc. Natl.

Acad. Sci. USA 81:685 1-6855, which are hereby incorporated by reference. CDR grafting is

described, for example, in United States Patent No. 6,180,370, No. 5,693,762, No. 5,693,761,

No. 5,585,089, and No. 5,530,101.

[00496] Generally, the goal of making a chimeric antibody is to create a chimera in

which the number of amino acids from the intended patient species is maximized. One

example is the "CDR-grafted" antibody, in which the antibody comprises one or more

complementarity determining regions (CDRs) from a particular species or belonging to a

particular antibody class or subclass, while the remainder of the antibody chain(s) is/are

identical with or homologous to a corresponding sequence in antibodies derived from another

species or belonging to another antibody class or subclass. For use in humans, the variable

region or selected CDRs from a rodent antibody often are grafted into a human antibody,

replacing the naturally-occurring variable regions or CDRs of the human antibody.

[00497] One useful type of chimeric antibody is a "humanized" antibody. Generally, a

humanized antibody is produced from a monoclonal antibody raised initially in a non-human

animal. Certain amino acid residues in this monoclonal antibody, typically from non-antigen



recognizing portions of the antibody, are modified to be homologous to corresponding residues

in a human antibody of corresponding isotype. Humanization can be performed, for example,

using various methods by substituting at least a portion of a rodent variable region for the

corresponding regions of a human antibody (see, e.g., United States Patent No. 5,585,089, and

No. 5,693,762; Jones et al, 1986, Nature 32 1:522-525; Riechmann et al, 1988,

Nature 332:323-27; Verhoeyen et al, 1988, Science 239: 1534- 1536).

[00498] In one aspect, the CDRs of the light and heavy chain variable regions of the

antibodies provided herein (see, TABLES 3A and 3B) are grafted to framework regions (FRs)

from antibodies from the same, or a different, phylogenetic species. For example, the CDRs of

the heavy and light chain variable regions VHI, VH2, VH3, VH4, VH5, VH6, VH7, VH8, VH9,

VHIO, VHI 1, VH12 and/or VLI , and VL2 can be grafted to consensus human FRs. To create

consensus human FRs, FRs from several human heavy chain or light chain amino acid

sequences may be aligned to identify a consensus amino acid sequence. In other embodiments,

the FRs of a heavy chain or light chain disclosed herein are replaced with the FRs from a

different heavy chain or light chain. In one aspect, rare amino acids in the FRs of the heavy and

light chains of LCAT antibodies are not replaced, while the rest of the FR amino acids are

replaced. A "rare amino acid" is a specific amino acid that is in a position in which this

particular amino acid is not usually found in an FR. Alternatively, the grafted variable regions

from the one heavy or light chain may be used with a constant region that is different from the

constant region of that particular heavy or light chain as disclosed herein. In other

embodiments, the grafted variable regions are part of a single chain Fv antibody.

[00499] In certain embodiments, constant regions from species other than human can be

used along with the human variable region(s) to produce hybrid antibodies.

Fully Human Antibodies

[00500] Fully human LCAT antibodies are also provided. Methods are available for

making fully human antibodies specific for a given antigen without exposing human beings to

the antigen ("fully human antibodies"). One specific means provided for implementing the

production of fully human antibodies is the "humanization" of the mouse humoral immune

system. Introduction of human immunoglobulin (Ig) loci into mice in which the endogenous Ig

genes have been inactivated is one means of producing fully human monoclonal antibodies

(mAbs) in mouse, an animal that can be immunized with any desirable antigen. Using fully

human antibodies can minimize the immunogenic and allergic responses that can sometimes be

caused by administering mouse or mouse-derived mAbs to humans as therapeutic agents.



[005 0 1 ] Fully human antibodies can be produced by immunizing transgenic animals

(usually mice) that are capable of producing a repertoire of human antibodies in the absence of

endogenous immunoglobulin production. Antigens for this purpose typically have six or more

contiguous amino acids, and optionally are conjugated to a carrier, such as a hapten. See, e.g.,

Jakobovits et al , 1993, Proc. Natl. Acad. Sci. USA 90:255 1-2555; Jakobovits et al, 1993,

Nature 362 :255-258; and Bruggermann et al , 1993, Year in Immunol. 7:33. In one example of

such a method, transgenic animals are produced by incapacitating the endogenous mouse

immunoglobulin loci encoding the mouse heavy and light immunoglobulin chains therein, and

inserting into the mouse genome large fragments of human genome DNA containing loci that

encode human heavy and light chain proteins. Partially modified animals, which have less than

the full complement of human immunoglobulin loci, are then cross-bred to obtain an animal

having all of the desired immune system modifications. When administered an immunogen,

these transgenic animals produce antibodies that are immunospecific for the immunogen but

have human rather than murine amino acid sequences, including the variable regions. For

further details of such methods, see, for example, W096/33735 and WO94/02602. Additional

methods relating to transgenic mice for making human antibodies are described in United

States Patent No. 5,545,807; No. 6,7 13,610; No. 6,673,986; No. 6, 162,963 ; No. 5,545,807;

No. 6,300, 129; No. 6,255,458; No. 5,877,397; No. 5,874,299 and No. 5,545,806; in PCT

publications WO9 1/10741 , WO90/04036, and in EP 546073B 1 and EP 546073A1 .

[005 0 2 ] The transgenic mice described above, referred to herein as "HuMab" mice,

contain a human immunoglobulin gene minilocus that encodes unrearranged human heavy

([mu] and [gamma]) and [kappa] light chain immunoglobulin sequences, together with targeted

mutations that inactivate the endogenous [mu] and [kappa] chain loci (Lonberg et al, 1994,

Nature 368 :856-859). Accordingly, the mice exhibit reduced expression of mouse IgM or

[kappa] and in response to immunization, and the introduced human heavy and light chain

transgenes undergo class switching and somatic mutation to generate high affinity human IgG

[kappa] monoclonal antibodies (Lonberg et al , supra.; Lonberg and Huszar, 1995, Intern. Rev.

Immunol. 13 : 65-93; Harding and Lonberg, 1995, Ann. N Y Acad. Sci. 764:536-546). The

preparation of HuMab mice is described in detail in Taylor et al , 1992, Nucleic Acids Research

20:6287-6295; Chen et al , 1993, International Immunology 5:647-656; Tuaillon et al , 1994, J.

Immunol. 152:29 12-2920; Lonberg et al. , 1994, Nature 368:856-859; Lonberg, 1994,

Handbook of Exp. Pharmacology 113:49- 10 1; Taylor et al , 1994, International Immunology

6:579-59 1; Lonberg and Huszar, 1995, Intern. Rev. Immunol. 3 :65-93; Harding and Lonberg,

1995, Ann. N Y Acad. Sci. 764:536-546; Fishwild et al. , 1996, Nature Biotechnology 14:845-



851; the foregoing references are hereby incorporated by reference in their entirety for all

purposes. See, further United States Patent No. 5,545,806; No. 5,569,825; No. 5,625,126; No.

5,633,425; No. 5,789,650; No. 5,877,397; No. 5,661,016; No. 5,814,318; No. 5,874,299; and

No. 5,770,429; as well as United States Patent No. 5,545,807; International Publication Nos.

WO 93/1227; WO 92/22646; and WO 92/03918, the disclosures of all of which are hereby

incorporated by reference in their entirety for all purposes. Technologies utilized for producing

human antibodies in these transgenic mice are disclosed also in WO 98/24893, and Mendez et

al, 1997', Nature Genetics j_5: 146-156, which are hereby incorporated by reference. For

example, the HCo7 and HCol2 transgenic mice strains can be used to generate anti-c-

LCAT antibodies. Further details regarding the production of human antibodies using

transgenic mice are provided in the Examples below.

[00503] Using hybridoma technology, antigen-specific human mAbs with the desired

specificity can be produced and selected from the transgenic mice such as those described

above. Such antibodies may be cloned and expressed using a suitable vector and host cell, or

the antibodies can be harvested from cultured hybridoma cells.

[00504] Fully human antibodies can also be derived from phage-display libraries (as

disclosed in Hoogenboom et al, 1991, J. Mol. Biol. 227:381; and Marks et al, 1991, J. Mol.

Biol. 222 :581). Phage display techniques mimic immune selection through the display of

antibody repertoires on the surface of filamentous bacteriophage, and subsequent selection of

phage by their binding to an antigen of choice. One such technique is described in PCT

Publication No. WO 99/10494 (hereby incorporated by reference).

[00505] TABLE 4 includes sequence information for a number of fully human antigen

binding proteins such as are provided herein.

Bispecific or Bifunctional Antigen Binding Proteins

[00506] The antigen binding proteins that are provided also include bispecific and

bifunctional antibodies that include one or more CDRs or one or more variable regions as

described above. A bispecific or bifunctional antibody in some instances is an artificial hybrid

antibody having two different heavy/light chain pairs and two different binding sites.

Bispecific antibodies may be produced by a variety of methods including, but not limited to,

fusion of hybridomas or linking of Fab' fragments. See, e.g., Songsivilai and Lachmann, 1990,

Clin. Exp. Immunol. 79:3 15-321; Kostelny et al, 1992, J. Immunol. 148:1547-1553.



Various Other Forms

[00507] The LCAT binding protein can also be a variant, mimetic, derivative or

oligomer based upon the structure of LCAT antigen binding proteins have the CDRS, variable

regions and/or full length chains as described above in TABLES 1-4.

Variants

[00508] In one embodiment, for instance, an antigen binding protein is a variant form of

the antigen binding proteins disclosed above (e.g., those having the sequences listed in

TABLES 1-4). For instance, some of the antigen binding proteins have one or more

conservative amino acid substitutions in one or more of the heavy or light chains, variable

regions or CDRs listed in TABLES 1-4.

[00509] Naturally-occurring amino acids may be divided into classes based on common

side chain properties:

[00510] 1) hydrophobic : norleucine, Met, Ala, Val, Leu, e;

[00511] 2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

[00512] 3) acidic: Asp, Glu;

[00513] 4) basic: His, Lys, Arg;

[00514] 5) residues that influence chain orientation: Gly, Pro; and

[00515] 6) aromatic: Trp, Tyr, Phe.

[00516] Conservative amino acid substitutions may involve exchange of a member of

one of these classes with another member of the same class. Conservative amino acid

substitutions may encompass non-naturally occurring amino acid residues, which are typically

incorporated by chemical peptide synthesis rather than by synthesis in biological systems.

These include peptidomimetics and other reversed or inverted forms of amino acid moieties.

[00517] Non-conservative substitutions may involve the exchange of a member of one of

the above classes for a member from another class. Such substituted residues may be

introduced into regions of the antibody that are homologous with human antibodies, or into the

non-homologous regions of the molecule.

[00518] In making such changes, according to certain embodiments, the hydropathic

index of amino acids may be considered. The hydropathic profile of a protein is calculated by

assigning each amino acid a numerical value ("hydropathy index") and then repetitively

averaging these values along the peptide chain. Each amino acid has been assigned a

hydropathic index on the basis of its hydrophobicity and charge characteristics. They are:

isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5);



methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-

0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspartate

(-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5).

[00519] The importance of the hydropathic profile in conferring interactive biological

function on a protein is understood in the art (see, e.g., Kyte et ah, 1982, J. Mol. Biol. 157 :105-

131). It is known that certain amino acids may be substituted for other amino acids having a

similar hydropathic index or score and still retain a similar biological activity. In making

changes based upon the hydropathic index, in certain embodiments, the substitution of amino

acids whose hydropathic indices are within ±2 is included. In some aspects, those which are

within ± 1 are included, and in other aspects, those within ±0.5 are included.

[00520] It is also understood in the art that the substitution of like amino acids can be

made effectively on the basis of hydrophilicity, particularly where the biologically functional

protein or peptide thereby created is intended for use in immunological embodiments, as in the

present case. In certain embodiments, the greatest local average hydrophilicity of a protein, as

governed by the hydrophilicity of its adjacent amino acids, correlates with its immunogenicity

and antigen-binding or immunogenicity, that is, with a biological property of the protein.

[00521] The following hydrophilicity values have been assigned to these amino acid

residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0+1); glutamate (+3.0+1); serine (+0.3);

asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5+1); alanine (-

0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine

(-1.8); tyrosine (-2.3); phenylalanine (-2.5) and tryptophan (-3.4). In making changes based

upon similar hydrophilicity values, in certain embodiments, the substitution of amino acids

whose hydrophilicity values are within ±2 is included, in other embodiments, those which are

within ± 1 are included, and in still other embodiments, those within ±0.5 are included. In some

instances, one may also identify epitopes from primary amino acid sequences on the basis of

hydrophilicity. These regions are also referred to as "epitopic core regions."

[00522] Exemplary conservative amino acid substitutions are set forth in TABLE 5.

Table 5: Conservative Amino Acid Substitutions



Original Residue Exemplary Substitutions

Cys Ser

Gin Asn

Glu Asp

Gly Pro

His Asn, Gin

e Leu, Val

Leu e, Val

Lys Arg, Gin, Glu

Met Leu, He

Phe Met, Leu, Tyr

Ser Thr

Thr Ser

Trp Tyr

Tyr Trp, Phe

Val e, Leu

[00523] A skilled artisan will be able to determine suitable variants of polypeptides as set

forth herein using well-known techniques. One skilled in the art may identify suitable areas of

the molecule that may be changed without destroying activity by targeting regions not believed

to be important for activity. The skilled artisan also will be able to identify residues and

portions of the molecules that are conserved among similar polypeptides. In further

embodiments, even areas that may be important for biological activity or for structure may be

subject to conservative amino acid substitutions without destroying the biological activity or

without adversely affecting the polypeptide structure.

[00524] Additionally, one skilled in the art can review structure-function studies

identifying residues in similar polypeptides that are important for activity or structure. In view

of such a comparison, one can predict the importance of amino acid residues in a protein that

correspond to amino acid residues important for activity or structure in similar proteins. One

skilled in the art may opt for chemically similar amino acid substitutions for such predicted

important amino acid residues.

[00525] One skilled in the art can also analyze the 3-dimensional structure and amino

acid sequence in relation to that structure in similar polypeptides. In view of such information,

one skilled in the art may predict the alignment of amino acid residues of an antibody with

respect to its three dimensional structure. One skilled in the art may choose not to make radical



changes to amino acid residues predicted to be on the surface of the protein, since such residues

may be involved in important interactions with other molecules. Moreover, one skilled in the

art may generate test variants containing a single amino acid substitution at each desired amino

acid residue. These variants can then be screened using assays for LCAT activity, (see

examples below) thus yielding information regarding which amino acids can be changed and

which must not be changed. In other words, based on information gathered from such routine

experiments, one skilled in the art can readily determine the amino acid positions where further

substitutions should be avoided either alone or in combination with other mutations.

[00526] A number of scientific publications have been devoted to the prediction of

secondary structure. See, Moult, 1996, Curr. Op. in Biotech. 7:422-427; Chou et al, 191A,

Biochem. 13:222-245; Chou et al, 19 '4, Biochemistry U3:21 1-222; Chou et al, 1978, Adv.

Enzymol. Relat. Areas Mol. Biol. 47:45-148; Chou et al, 1979, Ann. Rev. Biochem. 47:251-

276; and Chou et al, 1979, Biophys. J. 26:367-384. Moreover, computer programs are

currently available to assist with predicting secondary structure. One method of predicting

secondary structure is based upon homology modeling. For example, two polypeptides or

proteins that have a sequence identity of greater than 30%, or similarity greater than 40% can

have similar structural topologies. The recent growth of the protein structural database (PDB)

has provided enhanced predictability of secondary structure, including the potential number of

folds within a polypeptide's or protein's structure. See, Holm et al, 1999, Nucl. Acid. Res.

27:244-247. It has been suggested (Brenner et al, 1997, Curr. Op. Struct. Biol. 7:369-376) that

there are a limited number of folds in a given polypeptide or protein and that once a critical

number of structures have been resolved, structural prediction will become dramatically more

accurate.

[00527] Additional methods of predicting secondary structure include "threading"

(Jones, 1997, Curr. Opin. Struct. Biol. 7:377-387; Sippl a/., 1996, Structure 4:15-19),

"profile analysis" (Bowie et al, 1991, Science 253:164-170; Gribskov et al, 1990, Meth.

Enzym. 183:146-159; Gribskov etal, 1987, Proc. Nat. Acad. Sci. 84:4355-4358), and

"evolutionary linkage" (See, Holm, 1999, supra; and Brenner, 1997, supra).

[00528] In some embodiments, amino acid substitutions are made that: (1) reduce

susceptibility to proteolysis, (2) reduce susceptibility to oxidation, (3) alter binding affinity for

forming protein complexes, (4) alter ligand or antigen binding affinities, and/or (4) confer or

modify other physicochemical or functional properties on such polypeptides. For example,

single or multiple amino acid substitutions (in certain embodiments, conservative amino acid

substitutions) may be made in the naturally-occurring sequence. Substitutions can be made in



that portion of the antibody that lies outside the domain(s) forming intermolecular contacts). In

such embodiments, conservative amino acid substitutions can be used that do not substantially

change the structural characteristics of the parent sequence (e.g., one or more replacement

amino acids that do not disrupt the secondary structure that characterizes the parent or native

antigen binding protein). Examples of art-recognized polypeptide secondary and tertiary

structures are described in Proteins, Structures and Molecular Principles (Creighton, Ed.), 1984,

W. H. New York: Freeman and Company; Introduction to Protein Structure (Branden and

Tooze, eds.), 1991, New York: Garland Publishing; and Thornton et ah, 1991, Nature 354 :105,

which are each incorporated herein by reference.

[00529] Additional preferred antibody variants include cysteine variants wherein one or

more cysteine residues in the parent or native amino acid sequence are deleted from or

substituted with another amino acid (e.g., serine). Cysteine variants are useful, inter alia when

antibodies must be refolded into a biologically active conformation. Cysteine variants may

have fewer cysteine residues than the native antibody, and typically have an even number to

minimize interactions resulting from unpaired cysteines.

[00530] The heavy and light chains, variable regions domains and CDRs that are

disclosed can be used to prepare polypeptides that contain an antigen binding region that can

specifically bind to LCAT. For example, one or more of the CDRs listed in TABLES 3A, 3B

and 4 can be incorporated into a molecule (e.g., a polypeptide) covalently or noncovalently to

make an immunoadhesion. An immunoadhesion may incorporate the CDR(s) as part of a

larger polypeptide chain, may covalently link the CDR(s) to another polypeptide chain, or may

incorporate the CDR(s) noncovalently. The CDR(s) enable the immunoadhesion to bind

specifically to a particular antigen of interest (e.g., an LCAT polypeptide or epitope thereof).

Mimetics

[00531] Mimetics (e.g., "peptide mimetics" or "peptidomimetics") based upon the

variable region domains and CDRs that are described herein are also provided. These analogs

can be peptides, non-peptides or combinations of peptide and non-peptide regions.

Fauchere, 1986, Adv. Drug Res. 15:29; Veber and Freidinger, 1985, TINS p . 392; and Evans et

a , 1987, J. Med. Chem. 30:1229, which are incorporated herein by reference for any purpose.

Peptide mimetics that are structurally similar to therapeutically useful peptides may be used to

produce a similar therapeutic or prophylactic effect. Such compounds are often developed with

the aid of computerized molecular modeling. Generally, peptidomimetics are proteins that are

structurally similar to an antibody displaying a desired biological activity, such as here the



ability to specifically bind LCAT, but have one or more peptide linkages optionally replaced by

a linkage selected from: -CH2NH-, -CH2S-, -CH2-CH2-, -CH-CH-(cis and trans), -COCH2-, -

CH(OH)CH 2-, and -CH2SO-, by methods well known in the art. Systematic substitution of one

or more amino acids of a consensus sequence with a D-amino acid of the same type (e.g., D-

lysine in place of L-lysine) may be used in certain embodiments to generate more stable

proteins. In addition, constrained peptides comprising a consensus sequence or a substantially

identical consensus sequence variation may be generated by methods known in the art (Rizo

and Gierasch, 1992, Ann. Rev. Biochem. 61:387), incorporated herein by reference), for

example, by adding internal cysteine residues capable of forming intramolecular disulfide

bridges which cyclize the peptide.

Derivatives

[00532] Derivatives of the antigen binding proteins that are described herein are also

provided. The derivatized antigen binding proteins can comprise any molecule or substance

that imparts a desired property to the antibody or fragment, such as increased half-life in a

particular use. The derivatized antigen binding protein can comprise, for example, a detectable

(or labeling) moiety (e.g., a radioactive, colorimetric, antigenic or enzymatic molecule, a

detectable bead (such as a magnetic or electrodense (e.g., gold) bead), or a molecule that binds

to another molecule (e.g., biotin or streptavidin)), a therapeutic or diagnostic moiety (e.g., a

radioactive, cytotoxic, or pharmaceutically active moiety), or a molecule that increases the

suitability of the antigen binding protein for a particular use (e.g., administration to a subject,

such as a human subject, or other in vivo or in vitro uses). Examples of molecules that can be

used to derivatize an antigen binding protein include albumin (e.g., human serum albumin) and

polyethylene glycol (PEG). Albumin-linked and PEGylated derivatives of antigen binding

proteins can be prepared using techniques well known in the art. Certain antigen binding

proteins include a pegylated single chain polypeptide as described herein. In one embodiment,

the antigen binding protein is conjugated or otherwise linked to transthyretin (TTR) or a TTR

variant. The TTR or TTR variant can be chemically modified with, for example, a chemical

selected from the group consisting of dextran, poly(n-vinyl pyrrolidone), polyethylene glycols,

propropylene glycol homopolymers, polypropylene oxide/ethylene oxide co-polymers,

polyoxyethylated polyols and polyvinyl alcohols.

[00533] Other derivatives include covalent or aggregative conjugates of LCAT antigen

binding proteins with other proteins or polypeptides, such as by expression of recombinant

fusion proteins comprising heterologous polypeptides fused to the N-terminus or C-terminus of



an LCAT antigen binding protein. For example, the conjugated peptide may be a heterologous

signal (or leader) polypeptide, e.g., the yeast alpha-factor leader, or a peptide such as an epitope

tag. LCAT antigen binding protein-containing fusion proteins can comprise peptides added to

facilitate purification or identification of the LCAT antigen binding protein (e.g., poly-His). An

LCAT antigen binding protein also can be linked to the FLAG peptide as described in Hopp et

al, 1988, Bio/Technology 6:1204; and United States Patent No. 5,01 1,912. The FLAG peptide

is highly antigenic and provides an epitope reversibly bound by a specific monoclonal antibody

(mAb), enabling rapid assay and facile purification of expressed recombinant protein.

Reagents useful for preparing fusion proteins in which the FLAG peptide is fused to a given

polypeptide are commercially available (Sigma, St. Louis, MO).

Oligomers

[00534] Oligomers that contain one or more LCAT antigen binding proteins may be

employed as LCAT agonists. Oligomers may be in the form of covalently-linked or non-

covalently-linked dimers, trimers, or higher oligomers. Oligomers comprising two or more

LCAT antigen binding proteins are contemplated for use, with one example being a

homodimer. Other oligomers include heterodimers, homotrimers, heterotrimers,

homotetramers, heterotetramers, etc.

[00535] One embodiment is directed to oligomers comprising multiple LCAT-binding

polypeptides joined via covalent or non-covalent interactions between peptide moieties fused to

the LCAT antigen binding proteins. Such peptides may be peptide linkers (spacers), or

peptides that have the property of promoting oligomerization. Leucine zippers and certain

polypeptides derived from antibodies are among the peptides that can promote oligomerization

of LCAT antigen binding proteins attached thereto, as described in more detail below.

[00536] In particular embodiments, the oligomers comprise from two to four LCAT

antigen binding proteins. The LCAT antigen binding protein moieties of the oligomer may be

in any of the forms described above, e.g., variants or fragments. Preferably, the oligomers

comprise LCAT antigen binding proteins that have agonist activity.

[00537] In one embodiment, an oligomer is prepared using polypeptides derived from

immunoglobulins. Preparation of fusion proteins comprising certain heterologous polypeptides

fused to various portions of antibody-derived polypeptides (including the Fc domain) has been

described, e.g., by Ashkenazi et al, 1991, Proc. Natl. Acad. Sci. USA 88:10535; Byrn et al,

1990, Nature 344 :677; and Hollenbaugh et al, 1992 "Construction of Immunoglobulin Fusion

Proteins", in Current Protocols in Immunology, Suppl. 4, pages 10.19.1-10.19.11.



[00538] One embodiment is directed to a dimer comprising two fusion proteins created

by fusing an LCAT antigen binding protein to the Fc region of an antibody. The dimer can be

made by, for example, inserting a gene fusion encoding the fusion protein into an appropriate

expression vector, expressing the gene fusion in host cells transformed with the recombinant

expression vector, and allowing the expressed fusion protein to assemble much like antibody

molecules, whereupon interchain disulfide bonds form between the Fc moieties to yield the

dimer.

[00539] The term "Fc polypeptide" as used herein includes native and mutein forms of

polypeptides derived from the Fc region of an antibody. Truncated forms of such polypeptides

containing the hinge region that promotes dimerization also are included. Fusion proteins

comprising Fc moieties (and oligomers formed therefrom) offer the advantage of facile

purification by affinity chromatography over Protein A or Protein G columns.

[00540] One suitable Fc polypeptide, described in PCT application WO 93/1015 1 and

United States Patent. No. 5,426,048 and No. 5,262,522, is a single chain polypeptide extending

from the N-terminal hinge region to the native C-terminus of the Fc region of a human IgGl

antibody. Another useful Fc polypeptide is the Fc mutein described in United States Patent No.

5,457,035, and in Baum etal, 1994, EMBOJ. 13:3992-4001. The amino acid sequence of this

mutein is identical to that of the native Fc sequence presented in WO 93/10151, except that

amino acid 19 has been changed from Leu to Ala, amino acid 20 has been changed from Leu to

Glu, and amino acid 22 has been changed from Gly to Ala. The mutein exhibits reduced

affinity for Fc receptors.

[00541 ] Alternatively, the oligomer is a fusion protein comprising multiple LCAT

antigen binding proteins, with or without peptide linkers (spacer peptides). Among the suitable

peptide linkers are those described in United States Patent. No. 4,751,180 and No. 4,935,233.

[00542] Another method for preparing oligomeric LCAT antigen binding protein

derivatives involves use of a leucine zipper. Leucine zipper domains are peptides that promote

oligomerization of the proteins in which they are found. Leucine zippers were originally

identified in several DNA-binding proteins (Landschulz et al, 1988, Science 240 :1759). and

have since been found in a variety of different proteins. Among the known leucine zippers are

naturally occurring peptides and derivatives thereof that dimerize or trimerize. Examples of

leucine zipper domains suitable for producing soluble oligomeric proteins are described in PCT

application WO 94/10308, and the leucine zipper derived from lung surfactant protein D (SPD)

described in Hoppe et al. , 1994, FEBS Letters 344: 191, hereby incorporated by reference. The

use of a modified leucine zipper that allows for stable trimerization of a heterologous protein



fused thereto is described in Fanslow et al, 1994, Semin. Immunol. 6:267-278. In one

approach, recombinant fusion proteins comprising an LCAT antigen binding protein fragment

or derivative fused to a leucine zipper peptide are expressed in suitable host cells, and the

soluble oligomeric LCAT antigen binding protein fragments or derivatives that form are

recovered from the culture supernatant.

Species Cross Reactivity

[00543] In one embodiment, the LCAT antigen binding protein (e.g., those with

sequences as described in TABLES 1- 4) binds a human LCAT protein (SEQ ID NO: 1) but

does not bind rabbit LCAT (SEQ ID NO:5) or mouse LCAT protein (SEQ ID NO:4). In

another embodiment, the LCAT antigen binding protein binds a human LCAT protein (SEQ ID

NO: 1) and cyno LCAT (SEQ ID NO:3) but does not bind rabbit LCAT (SEQ ID NO:5) or

mouse LCAT protein (SEQ ID NO:4).

[00544] In another aspect, the LCAT antigen binding protein binds a human LCAT

protein but does not bind rabbit LCAT (SEQ ID NO:5), mouse LCAT protein (SEQ ID NO:4)

or cyno-LCAT (SEQ ID NO:3).

[00545] In various embodiments, the LCAT antigen binding protein binds a human

LCAT protein (e.g., SEQ ID NO:l) with a KD of < 1, 2, 5, 10, 20 or 50 nM and binds to a cyno

LCAT protein (e.g., SEQ ID NO:3) with a KD of < 50, 100, 150, 200, 300, 400, 500, 600 or 700

nM. In an aspect, the binding to human and cyno LCAT is determined, for example, by

BiaCore such as described in Example 3.

Glycosylation State of LCAT Antigen Binding Proteins

[00546] The antigen-binding protein may have a glycosylation pattern that is different or

altered from that found in the native species. As is known in the art, glycosylation patterns can

depend on both the sequence of the protein (e.g., the presence or absence of particular

glycosylation amino acid residues, discussed below), or the host cell or organism in which the

protein is produced. Particular expression systems are discussed below.

[00547] Glycosylation of polypeptides is typically either N-linked or O-linked. N-linked

refers to the attachment of the carbohydrate moiety to the side chain of an asparagine residue.

The tri-peptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any

amino acid except proline, are the recognition sequences for enzymatic attachment of the

carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these tri-

peptide sequences in a polypeptide creates a potential glycosylation site. O-linked



glycosylation refers to the attachment of one of the sugars N-acetylgalactosamine, galactose, or

xylose, to a hydroxyamino acid, most commonly serine or threonine, although 5-

hydroxyproline or 5-hydroxy lysine may also be used.

[00548] Addition of glycosylation sites to the antigen binding protein is conveniently

accomplished by altering the amino acid sequence such that it contains one or more of the

above-described tri-peptide sequences (for N-linked glycosylation sites). The alteration may

also be made by the addition of, or substitution by, one or more serine or threonine residues to

the starting sequence (for O-linked glycosylation sites). For ease, the antigen binding protein

amino acid sequence may be altered through changes at the DNA level, particularly by

mutating the DNA encoding the target polypeptide at preselected bases such that codons are

generated that will translate into the desired amino acids.

[00549] Another means of increasing the number of carbohydrate moieties on the antigen

binding protein is by chemical or enzymatic coupling of glycosides to the protein. These

procedures are advantageous in that they do not require production of the protein in a host cell

that has glycosylation capabilities for N- and O-linked glycosylation. Depending on the

coupling mode used, the sugar(s) may be attached to (a) arginine and histidine, (b) free

carboxyl groups, (c) free sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups

such as those of serine, threonine, or hydroxyproline, (e) aromatic residues such as those of

phenylalanine, tyrosine, or tryptophan, or (f) the amide group of glutamine. These methods are

described in WO 87/05330 published Sep. 11, 1987, and in Aplin and Wriston, 1981, CRC

Crit. Rev, Biochem., pp. 259-306.

[00550] Removal of carbohydrate moieties present on the starting antigen binding

protein may be accomplished chemically or enzymatically. Chemical deglycosylation requires

exposure of the protein to the compound trifluoromethanesulfonic acid, or an equivalent

compound. This treatment results in the cleavage of most or all sugars except the linking sugar

(N-acetylglucosamine or N-acetylgalactosamine), while leaving the polypeptide intact.

Chemical deglycosylation is described by Hakimuddin et al, 1987, Arch. Biochem.

Biophys. 259:52 and by Edge et al, 1981, Anal. Biochem. 118 :131. Enzymatic cleavage of

carbohydrate moieties on polypeptides can be achieved by the use of a variety of endo- and

exo-glycosidases as described by Thotakura et al, 1987, Meth. Enzymol. 138 :350.

Glycosylation at potential glycosylation sites may be prevented by the use of the compound

tunicamycin as described by Duskin et al, 1982, J. Biol. Chem. 257:3 105. Tunicamycin blocks

the formation of protein-N-glycoside linkages.



[00551] Hence, aspects include glycosylation variants of the antigen binding proteins

wherein the number and/or type of glycosylation site(s) has been altered compared to the amino

acid sequences of the parent polypeptide. In certain embodiments, antibody protein variants

comprise a greater or a lesser number of N-linked glycosylation sites than the native antibody.

An N-linked glycosylation site is characterized by the sequence: Asn-X-Ser or Asn-X-Thr,

wherein the amino acid residue designated as X may be any amino acid residue except proline.

The substitution of amino acid residues to create this sequence provides a potential new site for

the addition of an N-linked carbohydrate chain. Alternatively, substitutions that eliminate or

alter this sequence will prevent addition of an N-linked carbohydrate chain present in the native

polypeptide. For example, the glycosylation can be reduced by the deletion of an Asn or by

substituting the Asn with a different amino acid. In other embodiments, one or more new N-

linked sites are created. Antibodies typically have a N-linked glycosylation site in the Fc

region.

[00552] As described in the Examples, it was found that the glycosylation state of certain

LCAT antigen binding proteins had a significant effect on activity. In particular, glycosylation

of certain sites within a CDR significantly reduced the ability of the antigen binding protein to

agonize LCAT. Thus, in one embodiment, the antibodies listed in TABLE 4 are

unglycosylated. In another embodiment, the antigen binding protein has the 1, 2, 3, 4, 5 or all 6

of the CDRs of antibody 27C3 as shown in TABLE 4, but the CDR1 of the heavy chain (i.e.,

CDRHl) has been mutated such that the CDR is unglycosylated. In one aspect, the CDRHl

sequence is mutated such that an N-linked glycosylation site has been removed. Examples of

CDRHl sequences with such mutations include those described in Example 5. In certain

embodiments, the antigen binding protein comprises the CDRs for 27C3 as specified in

TABLE 4, except that CDRHl has the general sequence SGGYXWS (SEQ ID NO: 121), where

X is either A, D, E, Q, S, T, V or Y.

Antigen Binding Proteins with Labels and Effector Groups

[00553] In some embodiments, the antigen-binding proteincomprises one or more

labels. The term "labeling group" or "label" means any detectable label. Examples of suitable

labeling groups include, but are not limited to, the following: radioisotopes or radionuclides

(e.g., H, 14C, 1 N, S, 0Y, "Tc, In, 12 I, 1 1I), fluorescent groups (e.g., FITC, rhodamine,

lanthanide phosphors), enzymatic groups (e.g., horseradish peroxidase, β-galactosidase,

luciferase, alkaline phosphatase), chemiluminescent groups, biotinyl groups, or predetermined

polypeptide epitopes recognized by a secondary reporter (e.g., leucine zipper pair sequences,



binding sites for secondary antibodies, metal binding domains, epitope tags). In some

embodiments, the labeling group is coupled to the antigen binding protein via spacer arms of

various lengths to reduce potential steric hindrance. Various methods for labeling proteins are

known in the art and may be used as is seen fit.

[00554] The term "effector group" means any group coupled to an antigen binding

protein that acts as a cytotoxic agent. Examples for suitable effector groups are radioisotopes

or radionuclides (e.g., H, 14C, 1 N, S, 0Y, Tc, In, 1 1, 1 1I). Other suitable groups

include toxins, therapeutic groups, or chemotherapeutic groups. Examples of suitable groups

include calicheamicin, auristatins, geldanamycin and maytansine. In some embodiments, the

effector group is coupled to the antigen binding protein via spacer arms of various lengths to

reduce potential steric hindrance.

[00555] In general, labels fall into a variety of classes, depending on the assay in which

they are to be detected: a) isotopic labels, which may be radioactive or heavy isotopes; b)

magnetic labels (e.g., magnetic particles); c) redox active moieties; d) optical dyes; enzymatic

groups (e.g. horseradish peroxidase, β-galactosidase, luciferase, alkaline phosphatase); e)

biotinylated groups; and f) predetermined polypeptide epitopes recognized by a secondary

reporter (e.g., leucine zipper pair sequences, binding sites for secondary antibodies, metal

binding domains, epitope tags, etc.). In some embodiments, the labeling group is coupled to

the antigen binding protein via spacer arms of various lengths to reduce potential steric

hindrance. Various methods for labeling proteins are known in the art.

[00556] Specific labels include optical dyes, including, but not limited to, chromophores,

phosphors and fluorophores, with the latter being specific in many instances. Fluorophores can

be either "small molecule" fluores, or proteinaceous fluores.

[00557] By "fluorescent label" is meant any molecule that may be detected via its

inherent fluorescent properties. Suitable fluorescent labels include, but are not limited to,

fluorescein, rhodamine, tetramethylrhodamine, eosin, erythrosin, coumarin, methyl-coumarins,

pyrene, Malacite green, stilbene, Lucifer Yellow, Cascade BlueJ, Texas Red, IAEDANS,

EDANS, BODIPY FL, LC Red 640, Cy 5, Cy 5.5, LC Red 705, Oregon green, the Alexa-Fluor

dyes (Alexa Fluor 350, Alexa Fluor 430, Alexa Fluor 488, Alexa Fluor 546, Alexa Fluor 568,

Alexa Fluor 594, Alexa Fluor 633, Alexa Fluor 660, Alexa Fluor 680), Cascade Blue, Cascade

Yellow and R-phycoerythrin (PE) (Molecular Probes, Eugene, OR), FITC, Rhodamine, and

Texas Red (Pierce, Rockford, IL), Cy5, Cy5.5, Cy7 (Amersham Life Science, Pittsburgh, PA).

Suitable optical dyes, including fluorophores, are described in Molecular Probes Handbook by

Richard P. Haugland, hereby expressly incorporated by reference.



[00558] Suitable proteinaceous fluorescent labels also include, but are not limited to,

green fluorescent protein, including a Renilla, Ptilosarcus, or Aequorea species of GFP (Chalfie

et ah, 1994, Science 263 :802-805), EGFP (Clontech Labs., Inc., Genbank Accession Number

U55762), blue fluorescent protein (BFP, Quantum Biotechnologies, Inc., Quebec, Canada;

Stauber, 1998, Biotechniques 24:462-471; Heim /., 1996, Curr. Biol. 6:178-182), enhanced

yellow fluorescent protein (EYFP, Clontech Labs., Inc.), luciferase (Ichiki etal, 1993, J.

Immunol. 150:5408-5417), β galactosidase (Nolan et al, 1988, Proc. Natl. Acad. Sci.

U.S.A. 85:2603-2607) and Renilla (W092/15673, WO95/07463, WO98/14605, W098/26277,

WO99/49019, United States Patents No. 5292658, No. 5418155, No. 5683888, No. 5741668,

No. 5777079, No. 5804387, No. 5874304, No. 5876995, No. 5925558).

Nucleic Acids Encoding LCAT Antigen Binding Proteins

[00559] Nucleic acids that encode for the antigen binding proteins described herein, or

portions thereof, are also provided, including nucleic acids encoding one or both chains of an

antibody, or a fragment, derivative, mutein, or variant thereof, polynucleotides encoding heavy

chain variable regions or only CDRs, polynucleotides sufficient for use as hybridization probes,

PCR primers or sequencing primers for identifying, analyzing, mutating or amplifying a

polynucleotide encoding a polypeptide, anti-sense nucleic acids for inhibiting expression of a

polynucleotide, and complementary sequences of the foregoing. The nucleic acids can be any

length. They can be, for example, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 125, 150, 175,

200, 250, 300, 350, 400, 450, 500, 750, 1,000, 1,500, 3,000, 5,000 or more nucleotides in

length, and/or can comprise one or more additional sequences, for example, regulatory

sequences, and/or be part of a larger nucleic acid, for example, a vector. The nucleic acids can

be single-stranded or double-stranded and can comprise RNA and/or DNA nucleotides, and

artificial variants thereof (e.g., peptide nucleic acids). TABLE 6 shows exemplary nucleic acid

sequences encoding an IgG2 heavy chain constant region and IgG2 kappa and lambda light

chain constant regions. Any variable region provided herein may be attached to these constant

regions to form complete heavy and light chain sequences. However, it should be understood

that these constant regions sequences are provided as specific examples only. In some

embodiments, the variable region sequences are joined to other constant region sequences that

are known in the art. Exemplary nucleic acid sequences encoding heavy and light chain

variable regions are provided in TABLE 7.



Table 6: Exemplary Nucleic Acid Sequences Encoding Heavy and Light Chain Constant

Regions



Chain Type Nucleic Acid Sequence
IgG2 kappa CGTACGGTGGCTGCACCATCTGTCTTCATCTTCCC
light chain GCCATCTGATGAGCAGTTGAAATCTGGAACTGCCT
constant region CTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGA

GAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCT
CCAATCGGG AACTCCCAGGAGAGTGTCACAGAGC
AGGACAGCAAGGACAGCACCTACAGCCTCAGCAGC
ACCCTGACGCTGAGCAAAGCAGACTACGAGAAACA
CAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCC
TGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGA
GAGTGTTAG ( SEQ I D NO : 12 4 )

[00560] TABLE 7 shows exemplary nucleic acid sequences encoding heavy chain and

light chain variable regions, in which the various CDRHl, CDRH2, CDRH3, CDRLl, CDRL2

and CDRL3 sequences are embedded.

Table 7

SEQ Variable Nucleic Acid Encoding Sequence

ID Sequence

NO:

125 VH1 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGAGCTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

126 VH2 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACCAGTGGAGTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

127 VH3 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACA
GACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGTGGTG
GTTACGACTGGTCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGAGTGG
ATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCCTCAA
GAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCCCTGA
AGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGA
GAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGGTTATGGACGTCTG
GGGCCAAGGGACCACGGTCACCGTCTCCTCA

128 VH4 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACGAGTGGTCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA



SEQ Variable Nucleic Acid Encoding Sequence

ID Sequence

NO:

129 VH5 CAGGTGCAGCTGCAGGAGTCGGG
CCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTCACCTGCACTGTCT
CTGGTGCCTCCATTAGCAGTGGTGGTTACGCTTGGTCTTGGATCCGCCAG
CACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAG
CACCTACTACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACA
CGTCTAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACTGCCGCGGAC
ACGGCCGTGTATTACTGTGCGAGAGAGAGGGGATATTGTAGTAGTACCAG
CTGTTCTAGGGTTATGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCT
CCTCA

130 VH6 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACA
GACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGTGGTG
GTTACAGTTGGTCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGAGTGG
ATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCCTCAA
GAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCCCTGA
AGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGA
GAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGGTTATGGACGTCTG
GGGCCAAGGGACCACGGTCACCGTCTCCTCA

13 1 VH7 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTG
GTGAAGCCTTCACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTC
CATTAGCAGTGGTGGTTACACCTGGTCTTGGATCCGCCAGCACCCAGGGA
AGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTAC
AACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAA
CCAGTTCTCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGT
ATTACTGTGCGAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGG
GTTATGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

132 VH8 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTG
GTGAAGCCTTCACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTC
CATTAGCAGTGGTGGTTACGTCTGGTCTTGGATCCGCCAGCACCCAGGGA
AGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTAC
AACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAA
CCAGTTCTCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGT
ATTACTGTGCGAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGG
GTTATGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

133 VH9 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACTACTGGAGCTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

134 VH10 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTG
GTGAAGCCTTCACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTC
CATTAGCAGTGGTGGTTACAACTGGGTCTGGATCCGCCAGCACCCAGGGA
AGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTAC
AACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAA
CCAGTTCTCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGT
ATTACTGTGCGAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGG
GTTATGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA



SEQ Variable Nucleic Acid Encoding Sequence

ID Sequence

NO:

135 VH11 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

136 VH12 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGAGCTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCACCTGTTCTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

137 VH13 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGAGCTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTACTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

138 VH14 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGAGCTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGATTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

139 VH15 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGAGCTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGGTTATAGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

140 VH16 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCACCTGTTCTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

141 VH17 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTACTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA



SEQ Variable Nucleic Acid Encoding Sequence

ID Sequence

NO:

142 VH18 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGATTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

143 VH1 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGGTTATAGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

144 VH20 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCACCTGTACTAGGGTTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

145 VH2 1 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCACCTGTTCTAGGATTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

146 VH22 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCACCTGTTCTAGGGTTATAGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

147 VH23 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTACTAGGATTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

148 VH24 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTACTAGGGTTATAGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA
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149 VH25 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTTCTAGGATTATAGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

150 VH26 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCACCTGTACTAGGATTATGGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

151 VH27 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCACCTGTACTAGGGTTATAGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

152 VH28 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCACCTGTTCTAGGATTATAGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

153 VH29 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCAGCTGTACTAGGATTATAGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

154 VH30 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTT
CACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGCCTCCATTAGCAGT
GGTGGTTACAACTGGGCTTGGATCCGCCAGCACCCAGGGAAGGGCCTGGA
GTGGATTGGGTACATCTATTACAGTGGGAGCACCTACTACAACCCGTCCC
TCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCC
CTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGC
GAGAGAGAGGGGATATTGTAGTAGTACCACCTGTACTAGGATTATAGACG
TCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA
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155 VH31 CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTG
GGGCCTCAGTGAAGGTCTCCTGCAAGGCTTCTGGATACACCTTCACCGGC
TACTATATGCACTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGAT
GGGATGGATCAACCCCAACAGTGGTGGCACAAACTATGCACAGAAGTTTC
AGGGCAGGGTCACCATGACCAGGGACACGTCCATCAGCACAGCCTACATG
GAGCTGAACAGGCTGAGATCTGACGACACGGCCGTGTATTACTGTGCGAG
AGGGAGGTGGGAGCTTTATGCTTTTGATATCTGGGGCCAAGGGACAATGG
TCACCGTCTCTTCA

156 VL1 TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTG
TGGCCTTGGGACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGA
AGCTATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACT
TGTCATCTATGGTAAAAACAACCGGCCCTCAGGGATCCCAGACCGATTCT
CTGGCTCCAGTTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAG
GCGGAAGATGAGGCTGACTATTACTGTAACTCCCGGGACAACATTGGTAA
CCATCAGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGT

157 VL2 TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTG
TGGCCTTGGGACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGA
AGCTATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACT
TGTCATCTATGGTAAAAACAACCGGCCCTCAGGGATCCCAGACCGATTCT
CTGGCTCCAGTTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAG
GCGGAAGATGAGGCTGACTATTACTGTGGCTCCCGGGACAACATTGGTAA
CCATCAGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGT

158 VL3 TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTG
TGGCCTTGGGACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGA
AGCTATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACT
TGTCATCTATGGTAAAAACAACCGGCCCTCAGGGATCCCAGACCGATTCT
CTGGCTCCAGTTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAG
GCGGAAGATGAGGCTGACTATTACTGTAACTCCCGGGACAACGTTGGTAA
CCATCAGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGT

159 VL4 TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTG
TGGCCTTGGGACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGA
AGCTATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACT
TGTCATCTATGGTAAAAACAACCGGCCCTCAGGGATCCCAGACCGATTCT
CTGGCTCCAGTTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAG
GCGGAAGATGAGGCTGACTATTACTGTGGCTCCCGGGACAACGTTGGTAA
CCATCAGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGT

160 VL5 GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGTCTTTGT
CTCCAGGGGAAAGAGCCACCCTCTCCTGCAGGGCCAGTCAGAGTGTTAGC
GGCAGCTACTTAACCTGGTACCAGCAGAAACCTGGCCAGGCTCCCAGGCT
CCTCATCTATGGTGCATCCAGCAGGGCCACTGGCATCCCAGACAGGTTCA
GTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCAGCAGACTGGAG
CCTGAAGATTTTGCAATGTATTACTGTCAGCAGTATGGTGGCTCACCTCC
ATTCACTTTCGGCCCTGGGACCAAAGTGGATATCAAACGT

[00561] Nucleic acids encoding certain antigen binding proteins, or portions thereof

(e.g., full length antibody, heavy or light chain, variable domain, or CDRHl, CDRH2, CDRH3,

CDRLl, CDRL2, or CDRL3) may be isolated from B-cells of mice that have been immunized

with LCAT or an immunogenic fragment thereof. The nucleic acid may be isolated by

conventional procedures such as polymerase chain reaction (PCR). Phage display is another

example of a known technique whereby derivatives of antibodies and other antigen binding

proteins may be prepared. In one approach, polypeptides that are components of an antigen



binding protein of interest are expressed in any suitable recombinant expression system, and the

expressed polypeptides are allowed to assemble to form antigen binding proteins.

[00562] The nucleic acids provided in TABLES 6 and 7 are exemplary only. Due to the

degeneracy of the genetic code, each of the polypeptide sequences listed in TABLES 1-4 or

otherwise depicted herein are also encoded by a large number of other nucleic acid sequences

besides those provided. One of ordinary skill in the art will appreciate that the present

application thus provides adequate written description and enablement for each degenerate

nucleotide sequence encoding each antigen binding protein.

[00563] An aspect further provides nucleic acids that hybridize to other nucleic acids

(e.g., nucleic acids comprising a nucleotide sequence listed in TABLE 6 and TABLE 7) under

particular hybridization conditions. Methods for hybridizing nucleic acids are well-known in

the art. See, e.g., Current Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989),

6.3.1-6.3.6. As defined herein, a moderately stringent hybridization condition uses a

prewashing solution containing 5x sodium chloride/sodium citrate (SSC), 0.5% SDS, 1.0 mM

EDTA (pH 8.0), hybridization buffer of about 50% formamide, 6x SSC, and a hybridization

temperature of 55°C (or other similar hybridization solutions, such as one containing

about 50% formamide, with a hybridization temperature of 42°C), and washing conditions

of 60°C, in 0.5x SSC, 0.1% SDS. A stringent hybridization condition hybridizes in 6x SSC

at 45°C, followed by one or more washes in O.lx SSC, 0.2% SDS at 68°C. Furthermore, one of

skill in the art can manipulate the hybridization and/or washing conditions to increase or

decrease the stringency of hybridization such that nucleic acids comprising nucleotide

sequences that are at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99% identical to

each other typically remain hybridized to each other.

[00564] The basic parameters affecting the choice of hybridization conditions and

guidance for devising suitable conditions are set forth by, for example, Sambrook, Fritsch, and

Maniatis (2001, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory

Press, Cold Spring Harbor, N.Y., supra; and Current Protocols in Molecular Biology, 1995,

Ausubel et al, eds., John Wiley & Sons, Inc., sections 2.10 and 6.3-6.4), and can be readily

determined by those having ordinary skill in the art based on, e.g., the length and/or base

composition of the nucleic acid.

[00565] Changes can be introduced by mutation into a nucleic acid, thereby leading to

changes in the amino acid sequence of a polypeptide (e.g., an antibody or antibody derivative)

that it encodes. Mutations can be introduced using any technique known in the art. In one

embodiment, one or more particular amino acid residues are changed using, for example, a site-



directed mutagenesis protocol. In another embodiment, one or more randomly selected

residues is changed using, for example, a random mutagenesis protocol. However it is made, a

mutant polypeptide can be expressed and screened for a desired property.

[00566] Mutations can be introduced into a nucleic acid without significantly altering the

biological activity of a polypeptide that it encodes. For example, one can make nucleotide

substitutions leading to amino acid substitutions at non-essential amino acid residues.

Alternatively, one or more mutations can be introduced into a nucleic acid that selectively

changes the biological activity of a polypeptide that it encodes. For example, the mutation can

quantitatively or qualitatively change the biological activity. Examples of quantitative changes

include increasing, reducing or eliminating the activity. Examples of qualitative changes

include changing the antigen specificity of an antibody. In one embodiment, a nucleic acid

encoding any antigen binding protein described herein can be mutated to alter the amino acid

sequence using molecular biology techniques that are well-established in the art.

[00567] Another aspect provides nucleic acid molecules that are suitable for use as

primers or hybridization probes for the detection of nucleic acid sequences. A nucleic acid

molecule can comprise only a portion of a nucleic acid sequence encoding a full-length

polypeptide, for example, a fragment that can be used as a probe or primer or a fragment

encoding an active portion (e.g., LCAT binding portion) of a polypeptide.

[00568] Probes based on the sequence of a nucleic acid can be used to detect the nucleic

acid or similar nucleic acids, for example, transcripts encoding a polypeptide. The probe can

comprise a label group, e.g., a radioisotope, a fluorescent compound, an enzyme, or an enzyme

co-factor. Such probes can be used to identify a cell that expresses the polypeptide.

[00569] Another aspect provides vectors comprising a nucleic acid encoding a

polypeptide or a portion thereof (e.g., a fragment containing one or more CDRs or one or more

variable region domains). Examples of vectors include, but are not limited to, plasmids, viral

vectors, non-episomal mammalian vectors and expression vectors, for example, recombinant

expression vectors. The recombinant expression vectors can comprise a nucleic acid in a form

suitable for expression of the nucleic acid in a host cell. The recombinant expression vectors

include one or more regulatory sequences, selected on the basis of the host cells to be used for

expression, which is operably linked to the nucleic acid sequence to be expressed. Regulatory

sequences include those that direct constitutive expression of a nucleotide sequence in many

types of host cells (e.g., SV40 early gene enhancer, Rous sarcoma virus promoter and

cytomegalovirus promoter), those that direct expression of the nucleotide sequence only in

certain host cells (e.g., tissue-specific regulatory sequences, see, Voss et al, 1986, Trends



Biochem. Sci. :287, Maniatis et al, 1987, Science 236 :1237, incorporated by reference herein

in their entireties), and those that direct inducible expression of a nucleotide sequence in

response to particular treatment or condition (e.g., the metallothionin promoter in mammalian

cells and the tet-responsive and/or streptomycin responsive promoter in both prokaryotic and

eukaryotic systems (see, id.). It will be appreciated by those skilled in the art that the design of

the expression vector can depend on such factors as the choice of the host cell to be

transformed, the level of expression of protein desired, etc. The expression vectors can be

introduced into host cells to thereby produce proteins or peptides, including fusion proteins or

peptides, encoded by nucleic acids as described herein.

[00570] Another aspect provides host cells into which a recombinant expression vector

has been introduced. A host cell can be any prokaryotic cell (for example, E. coli) or

eukaryotic cell (for example, yeast, insect, or mammalian cells (e.g., CHO cells)). Vector DNA

can be introduced into prokaryotic or eukaryotic cells via conventional transformation or

transfection techniques. For stable transfection of mammalian cells, it is known that,

depending upon the expression vector and transfection technique used, only a small fraction of

cells may integrate the foreign DNA into their genome. In order to identify and select these

integrants, a gene that encodes a selectable marker (e.g., for resistance to antibiotics) is

generally introduced into the host cells along with the gene of interest. Preferred selectable

markers include those which confer resistance to drugs, such as G418, hygromycin and

methotrexate. Cells stably transfected with the introduced nucleic acid can be identified by

drug selection (e.g., cells that have incorporated the selectable marker gene will survive, while

the other cells die), among other methods.

Preparing LCAT Antigen Binding Proteins

[00571] Non-human antibodies that are provided can be, for example, derived from any

antibody-producing animal, such as mouse, rat, rabbit, goat, donkey, or non-human primate

(such as monkey (e.g., cynomolgus or rhesus monkey) or ape (e.g., chimpanzee)). Non-human

antibodies can be used, for instance, in in vitro cell culture and cell-culture based applications,

or any other application where an immune response to the antibody does not occur or is

insignificant, can be prevented, is not a concern, or is desired. In certain embodiments, the

antibodies may be produced by immunizing with full-length LCAT or a fragment thereof.

Alternatively, the certain non-human antibodies may be raised by immunizing with amino acids

which are segments of LCAT that form part of the epitope to which certain antibodies



provided herein bind (see infra). The antibodies may be polyclonal, monoclonal, or may be

synthesized in host cells by expressing recombinant DNA.

[00572] Fully human antibodies may be prepared as described above by immunizing

transgenic animals containing human immunoglobulin loci or by selecting a phage display

library that is expressing a repertoire of human antibodies.

[00573] The monoclonal antibodies (mAbs) can be produced by a variety of techniques,

including conventional monoclonal antibody methodology, e.g., the standard somatic cell

hybridization technique of Kohler and Milstein, 1975, Nature 256 :495. Alternatively, other

techniques for producing monoclonal antibodies can be employed, for example, the viral or

oncogenic transformation of B-lymphocytes. One suitable animal system for preparing

hybridomas is the murine system, which is a very well established procedure. Immunization

protocols and techniques for isolation of immunized splenocytes for fusion are known in the

art. For such procedures, B cells from immunized mice are fused with a suitable immortalized

fusion partner, such as a murine myeloma cell line. If desired, rats or other mammals besides

can be immunized instead of mice and B cells from such animals can be fused with the murine

myeloma cell line to form hybridomas. Alternatively, a myeloma cell line from a source other

than mouse may be used. Fusion procedures for making hybridomas also are well known.

[00574] As described in greater detail in the Examples, in one aspect, methods for

generating agonist LCAT antigen binding proteins such as agonist monoclonal antibodies are

provided in which an antibody-producing animal (e.g., mouse, rat, rabbit, goat, donkey, non-

human primate and transgenic animals (e.g., mice) containing human immunological loci) are

immunized with an activated form of an LCAT protein (i.e., a protein with higher enzymatic

activity than native LCAT such as shown in SEQ ID NO:l). A number of examples of

activated LCAT proteins or fragments thereof that can be utilized for immunogens are

described in WO 09/015314, which is incorporated herein by reference. In one embodiment, an

animal is immunized with an LCAT containing an amino acid substitution at C3 1 of SEQ ID

NO:l or a fragment of such a mutant. In certain embodiments, the LCAT contains a C31Y

mutation, i.e., cysteine 31 of SEQ ID NO: 1 is substituted with tyrosine.

[00575] The single chain antibodies that are provided may be formed by linking heavy

and light chain variable domain (Fv region) fragments via an amino acid bridge (short peptide

linker), resulting in a single polypeptide chain. Such single-chain Fvs (scFvs) may be prepared

by fusing DNA encoding a peptide linker between DNAs encoding the two variable domain

polypeptides (V L and V H) . The resulting polypeptides can fold back on themselves to form

antigen-binding monomers, or they can form multimers (e.g., dimers, trimers, or tetramers),



depending on the length of a flexible linker between the two variable domains (Kortt et al,

1997, Prot. Eng. 10:423; Kortt et al, 2001, Biomol Eng. 18:95-108). By combining different

V L and V H -comprising polypeptides, one can form multimeric scFvs that bind to different

epitopes (Kriangkum et al, 2001, Biomol Eng. 1 8 :31-40). Techniques developed for the

production of single chain antibodies include those described in U .S. Pat. No. 4,946,778; Bird,

1988, Science 242:423; Huston et al, 1988, Proc. Natl Acad. Sci. U.S.A. 85:5879; Ward et al,

1989, Nature 334:544, de Graaf et al, 2002, Methods Mol Biol. 178:379-387. Single chain

antibodies derived from antibodies provided herein include, but are not limited to scFvs

comprising the variable domain combinations of the heavy and light chain variable regions

depicted in TABLE 2, or combinations of light and heavy chain variable domains which

include CDRs depicted in TABLES 3A, 3B and 4.

[005 7 6 ] Antibodies provided herein that are of one subclass can be changed to antibodies

from a different subclass using subclass switching methods. Thus, IgG antibodies may be

derived from an IgM antibody, for example, and vice versa. Such techniques allow the

preparation of new antibodies that possess the antigen binding properties of a given antibody

(the parent antibody), but also exhibit biological properties associated with an antibody isotype

or subclass different from that of the parent antibody. Recombinant DNA techniques may be

employed. Cloned DNA encoding particular antibody polypeptides may be employed in such

procedures, e.g., DNA encoding the constant domain of an antibody of the desired isotype. See,

e.g., Lantto et al, 2002, Methods Mol Biol 178:303-316.

[005 7 7 ] Accordingly, the antibodies that are provided include those comprising, for

example, the variable domain combinations described, supra., having a desired isotype (for

example, IgA, IgGl, IgG2, IgG3, IgG4, IgE, and IgD) as well as Fab or F(ab') 2 fragments

thereof. Moreover, if an IgG4 is desired, it may also be desired to introduce a point mutation

(CPSCP->CPPCP) (SEQ ID NOS 167 and 168, respectively) in the hinge region as described in

Bloom et al, 1997', Protein Science 6:407, incorporated by reference herein) to alleviate a

tendency to form intra-H chain disulfide bonds that can lead to heterogeneity in the

IgG4 antibodies.

[005 7 8 ] Moreover, techniques for deriving antibodies having different properties (i.e.,

varying affinities for the antigen to which they bind) are also known. One such technique,

referred to as chain shuffling, involves displaying immunoglobulin variable domain gene

repertoires on the surface of filamentous bacteriophage, often referred to as phage display.

Chain shuffling has been used to prepare high affinity antibodies to the hapten 2-phenyloxazol-

5-one, as described by Marks et al, 1992, BioTechnology 10:779.



[00579] Conservative modifications may be made to the heavy and light chain variable

regions described in TABLE 2, or the CDRs described in TABLES 3A, 3B and 4 (and

corresponding modifications to the encoding nucleic acids) to produce an LCAT antigen

binding protein having functional and biochemical characteristics. Methods for achieving such

modifications are described above.

[00580] LCAT antigen binding proteins may be further modified in various ways. For

example, if they are to be used for therapeutic purposes, they may be conjugated with

polyethylene glycol (pegylated) to prolong the serum half-life or to enhance protein delivery.

Alternatively, the V region of the subject antibodies or fragments thereof may be fused with the

Fc region of a different antibody molecule. The Fc region used for this purpose may be

modified so that it does not bind complement, thus reducing the likelihood of inducing cell

lysis in the patient when the fusion protein is used as a therapeutic agent. In addition, the

subject antibodies or functional fragments thereof may be conjugated with human serum

albumin to enhance the serum half-life of the antibody or fragment thereof. Another useful

fusion partner for the antigen binding proteins or fragments thereof is transthyretin (TTR).

TTR has the capacity to form a tetramer, thus an antibody-TTR fusion protein can form a

multivalent antibody which may increase its binding avidity.

[00581] Alternatively, substantial modifications in the functional and/or biochemical

characteristics of the antigen binding proteins described herein may be achieved by creating

substitutions in the amino acid sequence of the heavy and light chains that differ significantly in

their effect on maintaining (a) the structure of the molecular backbone in the area of the

substitution, for example, as a sheet or helical conformation, (b) the charge or hydrophobicity

of the molecule at the target site, or (c) the bulkiness of the side chain. A "conservative amino

acid substitution" may involve a substitution of a native amino acid residue with a nonnative

residue that has little or no effect on the polarity or charge of the amino acid residue at that

position. See, TABLE 3, supra. Furthermore, any native residue in the polypeptide may also

be substituted with alanine, as has been previously described for alanine scanning mutagenesis.

[00582] Amino acid substitutions (whether conservative or non-conservative) of the

subject antibodies can be implemented by those skilled in the art by applying routine

techniques. Amino acid substitutions can be used to identify important residues of the

antibodies provided herein, or to increase or decrease the affinity of these antibodies for LCAT.



Methods of Expressing Antigen Binding Proteins

[00583] Expression systems and constructs in the form of plasmids, expression vectors,

transcription or expression cassettes that comprise at least one polynucleotide as described

above are also provided herein, as well host cells comprising such expression systems

or constructs.

[00584] The antigen binding proteins provided herein may be prepared by any of a

number of conventional techniques. For example, LCAT antigen binding proteins may be

produced by recombinant expression systems, using any technique known in the art. See, e.g.,

Monoclonal Antibodies, Hybridomas: A New Dimension in Biological Analyses, Kennet et al.

(eds.) Plenum Press, New York (1980); and Antibodies: A Laboratory Manual, Harlow and

Lane (eds.), Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1988).

[00585] Antigen binding proteins can be expressed in hybridoma cell lines (e.g., in

particular antibodies may be expressed in hybridomas) or in cell lines other than hybridomas.

Expression constructs encoding the antibodies can be used to transform a mammalian, insect or

microbial host cell. Transformation can be performed using any known method for introducing

polynucleotides into a host cell, including, for example packaging the polynucleotide in a virus

or bacteriophage and transducing a host cell with the construct by transfection procedures

known in the art, as exemplified by United States Patent No. 4,399,216; No. 4,912,040;

No. 4,740,461; No. 4,959,455. The optimal transformation procedure used will depend upon

which type of host cell is being transformed. Methods for introduction of heterologous

polynucleotides into mammalian cells are well known in the art and include, but are not limited

to, dextran-mediated transfection, calcium phosphate precipitation, polybrene mediated

transfection, protoplast fusion, electroporation, encapsulation of the polynucleotide(s) in

liposomes, mixing nucleic acid with positively-charged lipids, and direct microinjection of the

DNA into nuclei.

[00586] Recombinant expression constructs typically comprise a nucleic acid molecule

encoding a polypeptide comprising one or more of the following: one or more CDRs provided

herein; a light chain constant region; a light chain variable region; a heavy chain constant

region (e.g., C , C H2 and/or C H3); and/or another scaffold portion of an LCAT antigen

binding protein. These nucleic acid sequences are inserted into an appropriate expression

vector using standard ligation techniques. In one embodiment, the heavy or light chain

constant region is appended to the C-terminus of the anti-LCAT specific heavy or light chain

variable region and is ligated into an expression vector. The vector is typically selected to be

functional in the particular host cell employed (i.e., the vector is compatible with the host cell



machinery, permitting amplification and/or expression of the gene can occur). In some

embodiments, vectors are used that employ protein-fragment complementation assays using

protein reporters, such as dihydrofolate reductase (see, for example, U.S. Pat. No. 6,270,964,

which is hereby incorporated by reference). Suitable expression vectors can be purchased, for

example, from Invitrogen Life Technologies or BD Biosciences (formerly "Clontech"). Other

useful vectors for cloning and expressing the antibodies and fragments include those described

in Bianchi and McGrew, 2003, Biotech. Biotechnol. Bioeng. 84:439-44, which is hereby

incorporated by reference. Additional suitable expression vectors are discussed, for example,

in Methods EnzymoL, vol. 185 (D. V. Goeddel, ed.), 1990, New York: Academic Press.

[00587] Typically, expression vectors used in any of the host cells will contain sequences

for plasmid maintenance and for cloning and expression of exogenous nucleotide sequences.

Such sequences, collectively referred to as "flanking sequences" in certain embodiments will

typically include one or more of the following nucleotide sequences: a promoter, one or more

enhancer sequences, an origin of replication, a transcriptional termination sequence, a complete

intron sequence containing a donor and acceptor splice site, a sequence encoding a leader

sequence for polypeptide secretion, a ribosome binding site, a polyadenylation sequence, a

polylinker region for inserting the nucleic acid encoding the polypeptide to be expressed, and a

selectable marker element. Each of these sequences is discussed below.

[00588] Optionally, the vector may contain a "tag"-encoding sequence, i.e., an

oligonucleotide molecule located at the 5' or 3' end of the LCAT antigen binding protein coding

sequence; the oligonucleotide sequence encodes polyHis (such as hexaHis (SEQ ID NO: 169)),

or another "tag" such as FLAG®, HA (hemaglutinin influenza virus), or myc, for which

commercially available antibodies exist. This tag is typically fused to the polypeptide upon

expression of the polypeptide, and can serve as a means for affinity purification or detection of

the LCAT antigen binding protein from the host cell. Affinity purification can be

accomplished, for example, by column chromatography using antibodies against the tag as an

affinity matrix. Optionally, the tag can subsequently be removed from the purified LCAT

antigen binding protein by various means such as using certain peptidases for cleavage.

[00589] Flanking sequences may be homologous (i.e., from the same species and/or

strain as the host cell), heterologous (i.e., from a species other than the host cell species or

strain), hybrid (i.e., a combination of flanking sequences from more than one source), synthetic

or native. As such, the source of a flanking sequence may be any prokaryotic or eukaryotic

organism, any vertebrate or invertebrate organism, or any plant, provided that the flanking

sequence is functional in, and can be activated by, the host cell machinery.



[00590] Flanking sequences useful in the vectors may be obtained by any of several

methods well known in the art. Typically, flanking sequences useful herein will have been

previously identified by mapping and/or by restriction endonuclease digestion and can thus be

isolated from the proper tissue source using the appropriate restriction endonucleases. In some

cases, the full nucleotide sequence of a flanking sequence may be known. Here, the flanking

sequence may be synthesized using the methods described herein for nucleic acid synthesis

or cloning.

[00591] Whether all or only a portion of the flanking sequence is known, it may be

obtained using polymerase chain reaction (PCR) and/or by screening a genomic library with a

suitable probe such as an oligonucleotide and/or flanking sequence fragment from the same or

another species. Where the flanking sequence is not known, a fragment of DNA containing a

flanking sequence may be isolated from a larger piece of DNA that may contain, for example, a

coding sequence or even another gene or genes. Isolation may be accomplished by restriction

endonuclease digestion to produce the proper DNA fragment followed by isolation using

agarose gel purification, Qiagen® column chromatography (Chatsworth, CA), or other methods

known to the skilled artisan. The selection of suitable enzymes to accomplish this purpose will

be readily apparent to one of ordinary skill in the art.

[00592] An origin of replication is typically a part of those prokaryotic expression

vectors purchased commercially, and the origin aids in the amplification of the vector in a host

cell. If the vector of choice does not contain an origin of replication site, one may be

chemically synthesized based on a known sequence, and ligated into the vector. For example,

the origin of replication from the plasmid pBR322 (New England Biolabs, Beverly, MA) is

suitable for most gram-negative bacteria, and various viral origins (e.g., SV40, polyoma,

adenovirus, vesicular stomatitus virus (VSV), or papillomaviruses such as HPV or BPV) are

useful for cloning vectors in mammalian cells. Generally, the origin of replication component

is not needed for mammalian expression vectors (for example, the SV40 origin is often used

only because it also contains the virus early promoter).

[00593] A transcription termination sequence is typically located 3' to the end of a

polypeptide coding region and serves to terminate transcription. Usually, a transcription

termination sequence in prokaryotic cells is a G-C rich fragment followed by a poly-T

sequence. While the sequence is easily cloned from a library or even purchased commercially

as part of a vector, it can also be readily synthesized using methods for nucleic acid synthesis

such as those described herein.



[00594] A selectable marker gene encodes a protein necessary for the survival and

growth of a host cell grown in a selective culture medium. Typical selection marker genes

encode proteins that (a) confer resistance to antibiotics or other toxins, e.g., ampicillin,

tetracycline, or kanamycin for prokaryotic host cells; (b) complement auxotrophic deficiencies

of the cell; or (c) supply critical nutrients not available from complex or defined media.

Specific selectable markers are the kanamycin resistance gene, the ampicillin resistance gene,

and the tetracycline resistance gene. Advantageously, a neomycin resistance gene may also be

used for selection in both prokaryotic and eukaryotic host cells.

[00595] Other selectable genes may be used to amplify the gene that will be expressed.

Amplification is the process wherein genes that are required for production of a protein critical

for growth or cell survival are reiterated in tandem within the chromosomes of successive

generations of recombinant cells. Examples of suitable selectable markers for mammalian cells

include dihydrofolate reductase (DHFR) and promoterless thymidine kinase genes.

Mammalian cell transformants are placed under selection pressure wherein only the

transformants are uniquely adapted to survive by virtue of the selectable gene present in the

vector. Selection pressure is imposed by culturing the transformed cells under conditions in

which the concentration of selection agent in the medium is successively increased, thereby

leading to the amplification of both the selectable gene and the DNA that encodes another gene,

such as an antigen binding protein that binds LCAT polypeptide. As a result, increased

quantities of a polypeptide such as an antigen binding protein are synthesized from the

amplified DNA.

[00596] A ribosome-binding site is usually necessary for translation initiation of mRNA

and is characterized by a Shine-Dalgarno sequence (prokaryotes) or a Kozak sequence

(eukaryotes). The element is typically located 3' to the promoter and 5' to the coding sequence

of the polypeptide to be expressed.

[00597] In some cases, such as where glycosylation is desired in a eukaryotic host cell

expression system, one may manipulate the various pre- or pro-sequences to improve

glycosylation or yield. For example, one may alter the peptidase cleavage site of a particular

signal peptide, or add prosequences, which also may affect glycosylation. The final protein

product may have, in the -1 position (relative to the first amino acid of the mature protein), one

or more additional amino acids incident to expression, which may not have been totally

removed. For example, the final protein product may have one or two amino acid residues

found in the peptidase cleavage site, attached to the amino-terminus. Alternatively, use of



some enzyme cleavage sites may result in a slightly truncated form of the desired polypeptide,

if the enzyme cuts at such area within the mature polypeptide.

[00598] Expression and cloning will typically contain a promoter that is recognized by

the host organism and operably linked to the molecule encoding the LCAT antigen binding

protein. Promoters are untranscribed sequences located upstream (i.e., 5') to the start codon of

a structural gene (generally within about 100 to 1000 bp) that control transcription of the

structural gene. Promoters are conventionally grouped into one of two classes: inducible

promoters and constitutive promoters. Inducible promoters initiate increased levels of

transcription from DNA under their control in response to some change in culture conditions,

such as the presence or absence of a nutrient or a change in temperature. Constitutive

promoters, on the other hand, uniformly transcribe a gene to which they are operably linked,

that is, with little or no control over gene expression. A large number of promoters, recognized

by a variety of potential host cells, are well known. A suitable promoter is operably linked to

the DNA encoding heavy chain or light chain comprising a an LCAT antigen binding protein

by removing the promoter from the source DNA by restriction enzyme digestion and inserting

the desired promoter sequence into the vector.

[00599] Suitable promoters for use with yeast hosts are also well known in the art. Yeast

enhancers are advantageously used with yeast promoters. Suitable promoters for use with

mammalian host cells are well known and include, but are not limited to, those obtained from

the genomes of viruses such as polyoma virus, fowlpox virus, adenovirus (such as Adenovirus

2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, retroviruses, hepatitis-B

virus, and Simian Virus 40 (SV40). Other suitable mammalian promoters include heterologous

mammalian promoters, for example, heat-shock promoters and the actin promoter.

[00600] An enhancer sequence may be inserted into the vector to increase transcription

of DNA encoding light chain or heavy chain comprising an LCAT antigen binding protein by

higher eukaryotes. Enhancers are cis-acting elements of DNA, usually about 10-300 bp in

length, that act on the promoter to increase transcription. Enhancers are relatively orientation

and position independent, having been found at positions both 5' and 3' to the transcription unit.

Several enhancer sequences available from mammalian genes are known (e.g., globin, elastase,

albumin, alpha-feto-protein and insulin). Typically, however, an enhancer from a virus is used.

The SV40 enhancer, the cytomegalovirus early promoter enhancer, the polyoma enhancer, and

adenovirus enhancers known in the art are exemplary enhancing elements for the activation of

eukaryotic promoters. While an enhancer may be positioned in the vector either 5' or 3' to a

coding sequence, it is typically located at a site 5' from the promoter. A sequence encoding an



appropriate native or heterologous signal sequence (leader sequence or signal peptide) can be

incorporated into an expression vector, to promote extracellular secretion of the antibody. The

choice of signal peptide or leader depends on the type of host cells in which the antibody is to

be produced, and a heterologous signal sequence can replace the native signal sequence.

Examples of signal peptides that are functional in mammalian host cells include the following:

the signal sequence for interleukin-7 (IL-7) described in US Patent No. 4,965,195; the signal

sequence for interleukin-2 receptor described in Cosman et ah, 1984, Nature 312 :768; the

interleukin-4 receptor signal peptide described in EP Patent No. 0367 566; the type I

interleukin-1 receptor signal peptide described in U.S. Patent No. 4,968,607; the type II

interleukin- 1 receptor signal peptide described in EP Patent No. 0 460 846.

[00601] The expression vectors that are provided may be constructed from a starting

vector such as a commercially available vector. Such vectors may or may not contain all of the

desired flanking sequences. Where one or more of the flanking sequences described herein are

not already present in the vector, they may be individually obtained and ligated into the vector.

Methods used for obtaining each of the flanking sequences are well known to one skilled in

the art.

[00602] After the vector has been constructed and a nucleic acid molecule encoding light

chain, a heavy chain, or a light chain and a heavy chain comprising an LCAT antigen binding

sequence has been inserted into the proper site of the vector, the completed vector may be

inserted into a suitable host cell for amplification and/or polypeptide expression. The

transformation of an expression vector for an antigen-binding protein into a selected host cell

may be accomplished by well known methods including transfection, infection, calcium

phosphate co-precipitation, electroporation, microinjection, lipofection, DEAE-dextran

mediated transfection, or other known techniques. The method selected will in part be a

function of the type of host cell to be used. These methods and other suitable methods are well

known to the skilled artisan, and are set forth, for example, in Sambrook et a , 2001, supra.

[00603] A host cell, when cultured under appropriate conditions, synthesizes an antigen

binding protein that can subsequently be collected from the culture medium (if the host cell

secretes it into the medium) or directly from the host cell producing it (if it is not secreted).

The selection of an appropriate host cell will depend upon various factors, such as desired

expression levels, polypeptide modifications that are desirable or necessary for activity (such as

glycosylation or phosphorylation) and ease of folding into a biologically active molecule.

[00604] Mammalian cell lines available as hosts for expression are well known in the art

and include, but are not limited to, immortalized cell lines available from the American Type



Culture Collection (ATCC), including but not limited to Chinese hamster ovary (CHO) cells,

HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS), human

hepatocellular carcinoma cells (e.g., Hep G2), and a number of other cell lines. In certain

embodiments, cell lines may be selected through determining which cell lines have high

expression levels and constitutively produce antigen binding proteins with LCAT binding

properties. In another embodiment, a cell line from the B cell lineage that does not make its

own antibody but has a capacity to make and secrete a heterologous antibody can be selected.

Use of LCAT Antigen Binding Proteins in Therapy

General Considerations

[00605] The antigen binding proteins that are provided can be used to decrease (e.g.,

slow or reverse) the accumulation of cholesterol in the arteries of a mammalian subject by

increasing the level of LCAT activity and modulating HDL metabolism in the serum of the

subject. The LCAT antigen binding proteins can also be used to increase the level of HDL-C

and to decrease the level of triglyceride in a patient's serum relative to the level prior to

administration of an LCAT binding protein. In some therapeutic applications, an LCAT

antigen binding protein is administered to maintain a ratio of total serum cholesterol to serum

high density lipoproteins in a mammal at below 5:1, which is considered to be a profile of

average risk for heart disease. (W. P. Castelli et al. (1986) JAMA 256:2835.) By helping to

maintain healthy serum cholesterol levels, the LCAT antigen binding proteins provided herein

have utility in preventing or treating a variety of conditions, including: atherosclerosis,

cardiovascular diseases, cholesterol-related disorders, metabolic syndrome, diabetes, insulin-

resistance, inflammatory conditions, thrombosis-related conditions, blood disorders, anemia

and conditions involving LCAT deficiencies such as Fish Eye Syndrome, Classic LCAT

Deficiency Disease, and chronic kidney disease.

[00606] When the LCAT binding proteins are administered prophylactically to prevent

diseases associated with low LCAT activity, low HDL levels, or insufficient reverse cholesterol

transport, the binding protein is administered to a subject that is in need of prevention of

disorders caused by insufficient LCAT activity and/or low levels of HDL-C and/or insufficient

reverse cholesterol transport. The subject may be a human subject who is at risk of disorders

such as those described herein. The subject may be at risk due to genetic predisposition,

sedentary lifestyle, diet, exposure to disorder-causing agents, and/or exposure to pathogens. To

determine whether a subject is at risk of, for example atherosclerosis, an atherogenic

lipoprotein profile can be assessed. For example, a ratio of serum cholesterol to HDLs of 5:1 or



above indicates a higher than average risk of developing a disease associated with high

cholesterol levels. Other factors include a serum cholesterol level of 240 mg/dL or above, an

HDL level 35 mg/dL or below, or an LDL level 190 mg/dL or above, a plasma LCAT protein

level lower than normal (<5 .mu.g/ml), and/or a decreased plasma cholesterol esterification rate

(<60 nmol/ml/hr).

[00607] In humans, the normal cholesterol esterification rate ranges from about 60

nmol/ml/hr to about 130 nmol/mL per hour. The effective treatment of atherosclerosis in

humans can involve administration of an LCAT antigen binding protein to achieve a cholesterol

esterification rate of about 130 nmol/ml/hr.

[00608] In one aspect, an LCAT binding protein is administered for chronic treatment.

In another aspect, the binding proteins are administered for acute therapy.

Treatment of Cardiovascular Disease, Cholesterol-Related Disorders and Atherosclerosis

[00609] In certain embodiments, the LCAT binding proteins can be utilized in the

treatment, prevention, or management of a cardiovascular disease. As used herein, the term

"cardiovascular disease" refers to diseases of the heart and circulatory system. Cardiovascular

diseases which the LCAT binding proteins are useful for preventing or treating include, but are

not limited to, arteriosclerosis; atherosclerosis; stroke; ischemia; endothelium dysfunctions, in

particular those dysfunctions affecting blood vessel elasticity; peripheral vascular disease;

coronary artery disease, coronary heart disease; myocardial infarction; cerebral infarction and

restenosis; thrombosis; high blood pressure and angina. Other cardiovascular diseases that can

be treated or prevented with an LCAT antigen binding protein include, acute cardiac ischemic

events, arrhythmia, arterial fibrulation, atrial fibrillation, cardiac insufficiency, chronic heart

failure, congestive heart failure, deep vein thrombosis, diabetic neuropathy, diastolic

dysfunction in subjects with diabetes mellitus, edema, essential hypertension, eventual

pulmonary embolism, fatty liver disease, heart disease, heart failure, homozygous familial

hypercholesterolemia (HoFH), homozygous familial sitosterolemia, hypercholesterolemia,

hyperlipidemia, hyperlipidemia in HIV positive subjects, hypertension, hypertriglyceridemia,

ischemic complications in unstable angina and myocardial infarction, low blood pressure,

mixed dyslipidemia, moderate to mild heart failure, obesity management, paroxysmal atrial

fibrillation/flutter (PAF), paroxysmal supraventricular tachycardias (PSVT), platelet

aggregation, primary hypercholesterolemia, primary hyperlipidemia, pulmonary arterial

hypertension, pulmonary hypertension, recurrent hemodynamically unstable ventricular

tachycardia (VT), recurrent ventricular arrhythmias, recurrent ventricular fibrillation (VF),



ruptured aneurysm, sitisterolemia, stroke, supraventricular tachycardia, symptomatic atrial

fibrillation/flutter, tachycardia, venous thromboembolism, and ventricular arrhythmias.

[00610] In other embodiments, the antigen binding proteins are used in the treatment,

prevention, or management of a "cholesterol-related disorder", which includes any one or more

of the following: hypercholesterolemia; heart disease; metabolic syndrome; diabetes; coronary

heart disease; stroke; cardiovascular diseases; Alzheimer's disease and dyslipidemias, which

can be manifested, for example, by an elevated total serum cholesterol, elevated LDL, elevated

triglycerides, elevated VLDL, and/or low HDL and /or circulating LCAT activity. Non-

limiting examples of primary and secondary dyslipidemias that can be treated include

metabolic syndrome; diabetes mellitus; familial combined hyperlipidemia; familial

hypertriglyceridemia; familial hypercholesterolemias, including heterozygous

hypercholesterolemia; homozygous hypercholesterolemia; familial defective apoplipoprotein

B-100; polygenic hypercholesterolemia; remnant removal disease, hepatic lipase deficiency;

and dyslipidemia secondary to any of the following: dietary indiscretion; hypothyroidism; drug

treatment (including estrogen and progestin therapy and treatment with beta-blockers, and

thiazide diuretics); nephrotic syndrome; chronic renal failure; Cushing's syndrome; primary

biliary cirrhosis; glycogen storage diseases; hepatoma; cholestasis; acromegaly; insulinoma;

isolated growth hormone deficiency; and alcohol-induced hypertriglyceridemia.

[00611] In another aspect, the LCAT antigen binding protein is useful in preventing or

treating atherosclerotic diseases, such as, for example, coronary heart disease; coronary artery

disease; peripheral arterial disease; stroke (ischaemic and hemorrhagic); angina pectoris;

cerebrovascular disease; acute coronary syndrome; and myocardial infarction. In some

embodiments, an antigen binding protein is useful in reducing the risk of: nonfatal heart

attacks; fatal and non-fatal strokes; heart surgery; hospitalization for heart failure; chest pain in

patients with heart disease; and/or cardiovascular events because of established heart disease

such as prior heart attack, prior heart surgery, and/or chest pain with evidence of clogged

arteries. In some embodiments, the antigen binding proteins are used to reduce the risk of

recurrent cardiovascular events.

Treatment and Prevention of Inflammatory Conditions

[00612] The LCAT binding proteins are also useful in preventing and treating various

inflammatory and autoimmune diseases, including, but not limited to: arthritic diseases (such

as rheumatoid arthritis), osteoarthritis, gouty arthritis, spondylitis, thyroid-associated

opthalmopathy, Behcet disease, sepsis, septic shock, endotoxic shock, gram negative sepsis,



gram positive sepsis, toxic shock syndrome, asthma, chronic bronchitis, allergic rhinitis,

allergic conjunctivitis, vernal conjunctivitis, eosinophilic granuloma, adult (acute) respiratory

distress syndrome (ARDS), chronic pulmonary inflammatory disease (such as chronic

obstructive pulmonary disease), silicosis, pulmonary sarcoidosis, reperfusion injury of the

myocardium, brain or extremities, brain or spinal cord injury due to minor trauma, fibrosis

including cystic fibrosis, keloid formation, scar tissue formation, atherosclerosis, autoimmune

diseases, such as systemic lupus erythematosus (SLE) and transplant rejection disorders (e.g.,

graft vs. host (GvH) reaction and allograft rejection), chronic glomerulonephritis, inflammatory

bowel diseases, such as Crohn's disease and ulcerative colitis, proliferative lymphocytic

diseases, such as leukemias (e.g. chronic lymphocytic leukemia; CLL) (see Munoz et al, J .

Exp. Med. 172:95-103 (1990); Mentz et al., Blood 88:2172-2182 (1996)), and inflammatory

dermatoses, such as atopic dermatitis, psoriasis, or urticaria.

Treatment and Prevention of Thrombosis Related Conditions

[00613] In a further embodiment, an LCAT antigen binding protein is used in the

prevention or treatment of a variety of disorders in which there is a need to prevent or treat

thrombosis and subsequent decrease or loss of blood flow. Examples of thrombotic disorders,

include, but are not limited to, atherosclerosis, myocardial infarction, stroke, and kidney

ischemia, and thrombosis in any part of the mammalian body. LCAT antigen binding proteins

can also be used in the prevention and treatment of microangiopathy in which formation of

microthrombi or von Willebrand factor (VWF) binding to platelets causes excessive

consumption of platelets and/or VWF leading to subsequent bleeding diathesis. Examples of

the latter disorders include, but not limited to, thrombotic thrombocytopenic purpura, type II

and platelet type von Willebrand disease (VWD). Additionally, the binding proteins are useful

in prolonging bleed time in a mammal and as such, are useful as anti-thrombotic agents, both in

therapeutic and prophylactic methods. As such, the antigen binding proteins are useful as

anticoagulant agents and/or anti-platelet agents.

[00614] The LCAT antigen binding proteins also have utility in the treatment of any

disorder that is presently treated using anticoagulant therapy. Such disorders include pulmonary

embolism, unstable angina, myocardial infarction, deep vein thrombosis, atrial fibrillation with

embolization, acute and chronic coagulopathies (disseminated intravascular coagulation), for

prevention of clotting in arterial and cardiac surgery, for prophylaxis and treatment of

peripheral arterial embolism. The antigen binding protein can also used to treat thrombotic

thrombocytopic purpura, other types of microangiopathy that are mediated by spontaneous



interaction between VWF and platelets, platelet type or type lib von Willebrand diseases in

which there is an increased binding of VWF to platelets (either caused by a defect in GPIb or in

VWF). LCAT antigen binding proteins are also useful as anti-platelet agents in blood

transfusions, extracorporeal circulation, dialysis procedures as well as blood sampling for

laboratory procedures. The LCAT antigen binding proteins also have value in surgical

procedures to prevent the formation of blood clots. Such indications are particularly desirable

for patients undergoing abdominal surgery to reduce the risk of thromboemolic complications,

patients undergoing knee or hip replacement therapy during and following the replacement

procedure, as well as a general prophylactic to prevent clot formation at a later stage. The

compounds, compositions and methods are further useful in the treatment of subjects that are

under risk of thromboembolic complications due to severely restricted mobility e.g., during

acute illness.

Treatment and Prevention of Blood Disorders

[00615] Increasing LCAT levels causes the net transfer of free cholesterol from red

blood cells (RBC) to HDL, thus changing the composition of the RBC membrane to a more

fluid state This action increases the oxygenation of the RBC and improves the rheology of

RBCs (by increasing RBC deformability and flow, decreasing phosphatidylserine

externalization, and by decreasing the propensity for RBC adhesion and aggregation), thereby

decreasing anemia and increasing the ability of the RBC to oxygenate tissue, especially

peripheral tissues (see, e.g., WO 2010/144904, which is incorporated herein by reference).

LCAT antigen binding proteins can thus be administered to a subject to treat or prevent a

condition characterized by red blood cells with reduced deformability, reduced oxygenation,

reduced nitric oxide function, increased adhesion and/or aggregation, or decreased life span.

[00616] Thus, in one aspect, the LCAT antigen binding proteins can be used to modulate

lipid content of red blood cells membranes. There are many conditions in which the cell

membranes of the RBC have increased levels of free cholesterol (FC) in relation to

phospholipid. Accordingly, the LCAT binding proteins can be utilized to treat or prevent such

conditions, including, but not limited to, sickle cell disease, diabetes, thalassemia, liver disease,

cirrhosis, hepatitis, acanthosytosis, sepsis, dementia, anemia, or microvascular disorders,

parasitic disease, erectile dysfunction, cancer, and pre-eclampsia.

[00617] In liver disease, RBC cholesterol is increased and anemia often occurs. Hence,

in another embodiment, an LCAT antigen binding protein is administered to treat anemia.

Administering an LCAT antigen binding protein is expected to aid in normalizing RBC



cholesterol levels, restoring normal shape and function of the effected RBCs, and increasing

RBC life-span, thereby reducing the risk for anemia.

[00618] An increase in free cholesterol levels in RBC is also associated with various

microvascular disorders which cause rigidity and increase the tendency of RBCs to adhere and

aggregate. These changes are magnified in the low flow (or low pressure) found in capillaries

and venules, thus increasing the risk of blockages in the peripheral vessels. In organs where the

microvasculature is critical for normal function (e.g., eyes, ears, brain, kidney, penis, lungs),

repeated ischemic events in these vessels can lead to loss of function (e g., blindness, hearing

loss, kidney failure, ischemic microvascular brain disease such as dementia and Alzheimer's),

and erectile dysfunction). Accordingly, treatment with LCAT antigen binding proteins can be

useful in treating such microvascular disorders.

Pharmaceutical Formulations and Administration

[00619] Pharmaceutical compositions that comprise an LCAT antigen binding protein

are also provided and can be utilized in any of the preventive and therapeutic methods disclosed

herein. In an embodiment, a therapeutically effective amount of one or a plurality of the

antigen binding proteins and a pharmaceutically acceptable diluent, carrier, solubilizer,

emulsifier, preservative, and/or adjuvant are also provided. Acceptable formulation materials

are nontoxic to recipients at the dosages and concentrations employed.

[00620] In certain embodiments, the pharmaceutical composition may contain

formulation materials for modifying, maintaining or preserving, for example, the pH,

osmolarity, viscosity, clarity, color, isotonicity, odor, sterility, stability, rate of dissolution or

release, adsorption or penetration of the composition. In such embodiments, suitable

formulation materials include, but are not limited to, amino acids (such as glycine, glutamine,

asparagine, arginine or lysine); antimicrobials; antioxidants (such as ascorbic acid, sodium

sulfite or sodium hydrogen-sulfite); buffers (such as borate, bicarbonate, Tris-HCl, citrates,

phosphates or other organic acids); bulking agents (such as mannitol or glycine); chelating

agents (such as ethylenediamine tetraacetic acid (EDTA)); complexing agents (such as caffeine,

polyvinylpyrrolidone, beta-cyclodextrin or hydroxypropyl-beta-cyclodextrin); fillers;

monosaccharides; disaccharides; and other carbohydrates (such as glucose, mannose or

dextrins); proteins (such as serum albumin, gelatin or immunoglobulins); coloring, flavoring

and diluting agents; emulsifying agents; hydrophilic polymers (such as polyvinylpyrrolidone);

low molecular weight polypeptides; salt-forming counterions (such as sodium); preservatives

(such as benzalkonium chloride, benzoic acid, salicylic acid, thimerosal, phenethyl alcohol,



methylparaben, propylparaben, chlorhexidine, sorbic acid or hydrogen peroxide); solvents

(such as glycerin, propylene glycol or polyethylene glycol); sugar alcohols (such as mannitol or

sorbitol); suspending agents; surfactants or wetting agents (such as pluronics, PEG, sorbitan

esters, polysorbates such as polysorbate 20, polysorbate, triton, tromethamine, lecithin,

cholesterol, tyloxapal); stability enhancing agents (such as sucrose or sorbitol); tonicity

enhancing agents (such as alkali metal halides, preferably sodium or potassium chloride,

mannitol sorbitol); delivery vehicles; diluents; excipients and/or pharmaceutical adjuvants.

REMINGTON'S PHARMACEUTICAL SCIENCES, 18" Edition, (A.R. Genrmo, ed.), 1990,

Mack Publishing Company provides additional details and options for suitable agents that can

be incorporated into the pharmaceutical compositions.

[00621] In certain embodiments, the optimal pharmaceutical composition will be

determined by one skilled in the art depending upon, for example, the intended route of

administration, delivery format and desired dosage. See, for example, REMINGTON'S

PHARMACEUTICAL SCIENCES, supra. In certain embodiments, such compositions may

influence the physical state, stability, rate of in vivo release and rate of in vivo clearance of the

antigen binding proteins disclosed. In certain embodiments, the primary vehicle or carrier in a

pharmaceutical composition may be either aqueous or non-aqueous in nature. For example, a

suitable vehicle or carrier may be water for injection or physiological saline solution. In certain

embodiments, LCAT antigen binding protein compositions may be prepared for storage by

mixing the selected composition having the desired degree of purity with optional formulation

agents (REMINGTON'S PHARMACEUTICAL SCIENCES, supra) in the form of a

lyophilized cake or an aqueous solution. Further, in certain embodiments, the LCAT antigen

binding protein may be formulated as a lyophilizate using appropriate excipients such as

sucrose.

[00622] The pharmaceutical compositions can be selected for parenteral delivery.

Alternatively, the compositions may be selected for inhalation or for delivery through the

digestive tract, such as orally. Preparation of such pharmaceutically acceptable compositions is

within the skill of the art.

[00623] The formulation components are present preferably in concentrations that are

acceptable to the site of administration. In certain embodiments, buffers are used to maintain

the composition at physiological pH or at a slightly lower pH, typically within a pH range of

from about 5 to about 8.

[00624] When parenteral administration is contemplated, the therapeutic compositions

may be provided in the form of a pyrogen-free, parenterally acceptable aqueous solution



comprising the desired human LCAT antigen binding protein in a pharmaceutically acceptable

vehicle. A particularly suitable vehicle for parenteral injection is sterile distilled water in which

the LCAT antigen binding protein is formulated as a sterile, isotonic solution, properly

preserved. In certain embodiments, the preparation can involve the formulation of the desired

molecule with an agent, such as injectable microspheres, bio-erodible particles, polymeric

compounds (such as polylactic acid or polyglycolic acid), beads or liposomes, that may provide

controlled or sustained release of the product which can be delivered via depot injection. In

certain embodiments, hyaluronic acid may also be used, having the effect of promoting

sustained duration in the circulation. In certain embodiments, implantable drug delivery

devices may be used to introduce the desired antigen binding protein.

[00625] Certain pharmaceutical compositions are formulated for inhalation. In some

embodiments, LCAT antigen binding proteins are formulated as a dry, inhalable powder. In

specific embodiments, LCAT antigen binding protein inhalation solutions may also be

formulated with a propellant for aerosol delivery. In certain embodiments, solutions may be

nebulized. Pulmonary administration and formulation methods therefore are further described

in International Patent Application No. PCT/US94/001875, which is incorporated by reference

and describes pulmonary delivery of chemically modified proteins. Some formulations can be

administered orally. LCAT antigen binding proteins that are administered in this fashion can

be formulated with or without carriers customarily used in the compounding of solid dosage

forms such as tablets and capsules. In certain embodiments, a capsule may be designed to

release the active portion of the formulation at the point in the gastrointestinal tract when

bioavailability is maximized and pre-systemic degradation is minimized. Additional agents can

be included to facilitate absorption of the LCAT antigen binding protein. Diluents, flavorings,

low melting point waxes, vegetable oils, lubricants, suspending agents, tablet disintegrating

agents, and binders may also be employed.

[00626] Some pharmaceutical compositions comprise an effective quantity of one or a

plurality of LCAT antigen binding proteins in a mixture with non-toxic excipients that are

suitable for the manufacture of tablets. By dissolving the tablets in sterile water, or another

appropriate vehicle, solutions may be prepared in unit-dose form. Suitable excipients include,

but are not limited to, inert diluents, such as calcium carbonate, sodium carbonate or

bicarbonate, lactose, or calcium phosphate; or binding agents, such as starch, gelatin, or acacia;

or lubricating agents such as magnesium stearate, stearic acid, or talc.

[00627] Additional pharmaceutical compositions will be evident to those skilled in the

art, including formulations involving LCAT binding proteins in sustained- or controlled-



delivery formulations. Techniques for formulating a variety of other sustained- or controlled-

delivery means, such as liposome carriers, bio-erodible microparticles or porous beads and

depot injections, are also known to those skilled in the art. See, for example, International

Patent Application No. PCT/US93/00829, which is incorporated by reference and describes

controlled release of porous polymeric microparticles for delivery of pharmaceutical

compositions. Sustained-release preparations may include semipermeable polymer matrices in

the form of shaped articles, e.g., films, or microcapsules. Sustained release matrices may

include polyesters, hydrogels, polylactides (as disclosed in U.S. Patent No. 3,773,919 and

European Patent Application Publication No. EP 058481, each of which is incorporated by

reference), copolymers of L-glutamic acid and gamma ethyl-L-glutamate (Sidman et al., 1983,

Biopolymers 2:547-556), poly (2-hydroxyethyl-inethacrylate) (Langer et al, 1981, J. Biomed.

Mater. Res. 15:167-277 and Langer, 1982, Chem. Tech. 12:98-105), ethylene vinyl acetate

(Langer et al, 1981, supra) or poly-D(-)-3-hydroxybutyric acid (European Patent Application

Publication No. EP 133,988). Sustained release compositions may also include liposomes that

can be prepared by any of several methods known in the art. See, e.g., Eppstein et al, 1985,

Proc. Natl. Acad. Sci. U.S.A. 82:3688-3692; European Patent Application Publication Nos. EP

036,676; EP 088,046 and EP 143,949, incorporated by reference.

[00628] Pharmaceutical compositions used for in vivo administration are typically

provided as sterile preparations. Sterilization can be accomplished by filtration through sterile

filtration membranes. When the composition is lyophilized, sterilization using this method may

be conducted either prior to or following lyophilization and reconstitution. Compositions for

parenteral administration can be stored in lyophilized form or in a solution. Parenteral

compositions generally are placed into a container having a sterile access port, for example, an

intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle.

[00629] In certain formulations, an antigen binding protein has a concentration of at least

10 mg/ml, 20 mg/ml, 30 mg/ml, 40 mg/ml, 50 mg/ml, 60 mg/ml, 70 mg/ml, 80 mg/ml, 90

mg/ml, 100 mg/ml or 150 mg/ml. In one embodiment, a pharmaceutical composition

comprises the antigen binding protein, a buffer and polysorbate. In other embodiments, the

pharmaceutical composition comprises an antigen binding protein, a buffer, sucrose and

polysorbate. An example of a pharmaceutical composition is one containing 50-100 mg/ml of

antigen binding protein, 5-20 mM sodium acetate, 5-10% w/v sucrose, and 0.002-0.008% w/v

polysorbate. Certain, compositions, for instance, contain 65-75 mg/ml of an antigen binding

protein in 9-1 1 mM sodium acetate buffer, 8-10% w/v sucrose, and 0.005-0.006% w/v



polysorbate. The pH of certain such formulations is in the range of 4.5-6. Other formulations

have a pH of 5.0-5.5 (e.g., pH of 5.0, 5.2 or 5.4).

[00630] Once the pharmaceutical composition has been formulated, it may be stored in

sterile vials as a solution, suspension, gel, emulsion, solid, crystal, or as a dehydrated or

lyophilized powder. Such formulations may be stored either in a ready-to-use form or in a form

(e.g., lyophilized) that is reconstituted prior to administration. Kits for producing a single-dose

administration unit are also provided. Certain kits contain a first container having a dried

protein and a second container having an aqueous formulation. In certain embodiments, kits

containing single and multi-chambered pre-filled syringes (e.g., liquid syringes and

lyosyringes) are provided. The therapeutically effective amount of a LCAT antigen binding

protein-containing pharmaceutical composition to be employed will depend, for example, upon

the therapeutic context and objectives. One skilled in the art will appreciate that the

appropriate dosage levels for treatment will vary depending, in part, upon the molecule

delivered, the indication for which the LCAT antigen binding protein is being used, the route

of administration, and the size (body weight, body surface or organ size) and/or condition (the

age and general health) of the patient. In certain embodiments, the clinician may titer the

dosage and modify the route of administration to obtain the optimal therapeutic effect.

[00631] Dosing frequency will depend upon the pharmacokinetic parameters of the

particular LCAT antigen binding protein in the formulation used. Typically, a clinician

administers the composition until a dosage is reached that achieves the desired effect. The

composition may therefore be administered as a single dose, or as two or more doses (which

may or may not contain the same amount of the desired molecule) over time, or as a continuous

infusion via an implantation device or catheter. Appropriate dosages may be ascertained

through use of appropriate dose-response data. In certain embodiments, the antigen binding

proteins can be administered to patients throughout an extended time period. In certain

embodiments, the antigen binding protein is dosed every two weeks, every month, every two

months, every three months, every four months, every five months, or every six months.

[00632] The route of administration of the pharmaceutical composition is in accord with

known methods, e.g., orally, through injection by intravenous, intraperitoneal, intracerebral

(intra-parenchymal), intracerebroventricular, intramuscular, intra-ocular, intraarterial,

intraportal, or intralesional routes; by sustained release systems or by implantation devices. In

certain embodiments, the compositions may be administered by bolus injection or continuously

by infusion, or by implantation device.



[00633] The composition also may be administered locally via implantation of a

membrane, sponge or another appropriate material onto which the desired molecule has been

absorbed or encapsulated. In certain embodiments, where an implantation device is used, the

device may be implanted into any suitable tissue or organ, and delivery of the desired molecule

may be via diffusion, timed-release bolus, or continuous administration.

[00634] It also may be desirable to use LCAT antigen binding protein pharmaceutical

compositions according to the disclosed ex vivo. In such instances, cells, tissues or organs that

have been removed from the patient are exposed to LCAT antigen binding protein

pharmaceutical compositions after which the cells, tissues and/or organs are subsequently

implanted back into the patient.

[00635] A physician will be able to select an appropriate treatment indication and target

lipid levels depending on the individual profile of a particular patient. One well-accepted

standard for guiding treatment of hyperlipidemia is the Third Report of the National

Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment

of the High Blood Cholesterol in Adults (Adult Treatment Panel III) Final Report, National

Institutes of Health, NIH Publication No. 02-5215 (2002), the printed publication of which is

hereby incorporated by reference in its entirety.

[00636] The efficacy of a particular dose can be assessed by reference to biomarkers or

improvement in certain physiological parameters. Examples of suitable biomarkers include, the

ratio of free cholesterol to plasma lipid, free cholesterol to membrane protein,

phospatidylcholine to sphingomyelin, or HDL-C levels.

Combination Therapy

[00637] Also provided herein are compositions comprising an LCAT antigen binding

protein and one or more additional therapeutic agents, as well as methods in which such agents

are administered concurrently or sequentially with an LCAT antigen binding protein for use in

the preventive and therapeutic methods disclosed herein. The one or more additional agents

can be co-formulated with an LCAT antigen binding protein or can be co-administered with an

LCAT antigen binding protein. In general, the therapeutic methods, compositions and

compounds may also be employed in combination with other therapeutics in the treatment of

various disease states, with the additional agents being administered concurrently. Examples

of additional agents that can be so administered include, but are not limited to, other drugs that

treat cardiovascular disease, cholesterol-related disorders and atherosclerosis, anti

inflammatory drugs, anti-thrombosis drugs, anti-diabetic drugs and cytokines.



Agents for Treating Cardiovascular Disease, Cholesterol-Related Disorders and

Atherosclerosis

[00638] Additional active agents may act in complementary or synergistic ways with the

LCAT antigen binding protein when used to treat, and prevent atherosclerosis or manage

cholesterol, or related disorders such as cardiovascular disease. The interchangeable terms

"cardiovascular agent" or "cardiovascular drug" herein refer to a drug or agent that is capable of

treating, preventing, or reducing the risk of developing a cardiovascular disease or a

cholesterol-related disorder (e.g., atherosclerosis) or a risk factor or symptom thereof. Such

cardiovascular agents include, but are not limited to, cholesterol and triglyceride modulating

agents, agents that treat coronary artery disease, agents that treat hypertension or pulmonary

arterial hypertension, agents that treat arterial fibrillation or arrhythmia, agents that treat stroke,

agents that treat myocardial ischemia and/or agents that treat thrombosis. Specific examples,

include: statins, fibrates, Acyl-coenzyme A : cholesterol acyltransferase (ACAT) inhibitors,

alpha-adrenergic blocking drugs (alpha-blockers), alpha/beta blockers, angiotensin-converting

enzyme (ACE) inhibitors, aldosterone antagonists, angiotensin II receptor antagonists, anti

arrhythmics, anticoagulants, antiplatelet agents, apolipoprotein A-I (apoA-1) mimetics, beta-

blockers, bile acid sequestrants, calcium-channel blockers, ApoB cholesteryl ester transfer

protein (CETP) inhibitors, cholesterol absorption inhibitors, diuretics, dyslipidemia agents,

endothelin receptor antagonists, fibrates, 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-

CoA) reductase inhibitors, LCAT activators, LDL receptor inducers, lipase inhibitors,

lipoprotein- associated phospholipase A2 (Lp-PLA2) inhibitors, microsomal triglyceride

transfer protein (MTP) inhibitors, platelet aggregation inhibitors, PPAR agonists and activators

including PPARy; agonists, PPARa agonists and PPAR dual α/γ agonists, PCSK9 antisense or

RNAi, squalene epoxidase inhibitors, squalene synthetase inhibitors, thrombolytics, and thyroid

receptor beta activators.

[00639] One class of agents that can be used are PCSK9 neutralizing antibodies.

Examples of such antibodies are disclosed, for instance, in WO 2008/057457, WO

2008/057458, WO 2008/057459, WO 2008/063382, WO 2008/133647, WO 2009/100297, WO

2009/100318, WO 201 1/037791, WO 201 1/053759, WO 201 1/053783, WO 2008/125623, WO

2011/072263, WO 2009/055783, WO 2010/029513, WO 2011/11 1007, WO 2010/077854.

One specific example is AMG 145 developed by Amgen.

[00640] Another class of agents that can be used are anti- endothelial lipase antibodies.



Statins (HMG-CoA Reductase Inhibitors)

[00641 ] In one aspect, LCAT antigen binding proteins can be used with statins. Statins

are drugs that competitively inhibit 3-hydroxy-3-methylglutaryl coenzyme A reductase "HMG-

CoA reductase," which is the enzyme that catalyzes an early, rate-limiting step in cholesterol

biosynthesis. Hebert et al, JAMA 1997, 278: 313-21. This combination, in addition to raising

HDL levels and lowering LDL levels may also lower triglyceride levels and reduce

inflammation. The combination can lower blood pressure; protect against heart disease, for

example, by reducing smooth muscle proliferation, reduce heart attacks, reduce platelet

aggregation, and to reduce strokes, as well as peripheral arterial disease (clogging of the

arteries to the legs).

[00642] Examples of suitable statins that can be used with an LCAT antigen binding

protein include, but are not limited to, mevastatin, pitavastatin, rosuvastatin, pentostatin

(Nipent®), nystatin, lovastatin (Mevacor®), simvastatin (Zocor®), pravastatin (Pravachol®),

fluvastatin (Lescol®), atorvastatin (Lipitor®), cerivastatin (Baycol®), or combinations thereof.

Statins suitable for use in the compositions and methods described herein are disclosed in U.S.

Pat. Nos. 4,681,893; 5,273,995; 5,356,896; 5,354,772; 5,686,104; 5,969,156; and 6,126,971.

As some statins may exist in an inactive form, such as a lactone (e.g., simvastatin), the

methods encompasses using the active form (e.g., b-hydroxy acid form) of them. See

Physicians Desk Reference, 54th Ed. (2000) pp. 1917-1920.

CETP Inhibitors

[00643] Combination compositions and methods may also include agents that inhibit

cholesteryl ester transfer protein ("CETP"). CETP is involved in the transfer of cholesteryl

esters and triglycerides. Inhhibitors of CETP are thus useful in preventing or treating

atherosclerosis and other cardiovascular diseases. Non- limiting examples of CETP inhibitors

include, for example, Torcetrapib, and S-(2-[([l-(2-

ethylbutyl)cyclohexyl]carbonyl)amino]phenyl)-2-methylpropane- thioate and anacetrapib and

combinations thereof.

Cardiovascular Drugs

[00644] Cardiovascular drugs for use in combination with an LCAT antigen binding

protein include peripheral antiadrenergic drugs, centrally acting antihypertensive drugs (e.g.,

methyldopa, methyldopa HC1), antihypertensive direct vasodilators (e.g., diazoxide,

hydralazine HC1), drugs affecting renin-angiotensin system, peripheral vasodilators,



phentolamine, antianginal drugs, cardiac glycosides, inodilators (e.g., aminone, milrinone,

enoximone, fenoximone, imazodan, sulmazole), antidysrhythmic drugs, calcium entry blockers,

ranitine, bosentan, and rezulin.

Cholesterol Lowering Drugs

[00645] Some of the common types of cholesterol-lowering drugs that can be used in

combination with an LCAT antigen binding protein include statins, resins and nicotinic acid

(niacin), gemfibrozil and clofibrate. Thus, combination therapy is contemplated utilizing, for

example, clofibrate (Atromid-S, which raises the HDL cholesterol levels and lowers

triglyceride levels), gemfibrozil (Lopid, which raises HDL cholesterol levels) and nicotinic acid

(which works in the liver by affecting the production of blood fats and is used to lower

triglycerides and LDL cholesterol, and raise HDL ("good") cholesterol), resins (which are also

called bile acid-binding drugs and work in the intestines by promoting increased disposal of

cholesterol), including cholestyramine (Questran, Prevalite, Lo-Cholest), colestipol (Colestid)

and colesevelam (WelChol).

ACE Inhibitors

[00646] An LCAT antigen binding protein can also be used in combination with an ACE

inhibitor. Angiotensin II causes blood vessels to contract and thereby narrows the blood

vessels. The narrowing of the vessels increases the pressure within the vessels and can cause

high blood pressure (hypertension). Angiotensin II is formed from angiotensin I in the blood by

the enzyme, angiotensin converting enzyme (ACE). ACE inhibitors decrease the production of

angiotensin II. As a result, the blood vessels enlarge or dilate, and the blood pressure is

reduced. ACE inhibitors that are available for use with an LCAT antigen binding protein

include captopril (Capoten), benazepril (Lotensin), enalapril (Vasotec), enalapril, enaliprilat,

lisinopril (Prinivil, Zestril) fosinopril (Monopril), ramipril (Altace), perindopril (Aceon),

quinapril (Accupril), moexipril (Univasc), perindopril, and trandolapril (Mavik), or

combinations thereof.

ACAT Inhibitors

[00647] Acyl-CoA cholesteryl acyl transferase ("ACAT") is an acyltransferase enzyme

that catalyzes the intracellular formation of cholesterol esters from cholesterol during bile acid

biosynthesis. ACAT promotes accumulation of cholesterol esters in vascular tissues.

Accordingly, LCAT antigen binding proteins can be used with agents that inhibit ACAT, can



be sued to prevent and treat atherosclerosis. Examples of suitable ACAT inhibitors include, but

are not limited to, CI- 101 1 (Avasimibe, Pfizer), CS-505 (Pactimibe sulfate, Sankyo Pharma), or

combinations thereof.

Aldosterone Antagonists

[00648] Aldosterone is a steroidal hormone that contributes to hypertension by inhibiting

kidney function. Agents that compete with aldosterone for mineralo-corticoid receptors are

therefore useful in preventing or treating hypertension. Suitable aldosterone agents for use in

combination with an LCAT antigen binding protein include eplerenone and aldactone, or

combinations thereof.

Alpha Blockers

[00649] Adrenergic alpha-antagonists (alpha-blockers), compete with adrenaline binding

at a-adrenoreceptors. Binding of adrenaline at such receptors results in vasoconstriction and

therefore hypertension. Agents that compete with adrenaline or block a-adrenoreceptors are

therefore useful in preventing or treating hypertension. Examples of alpha blockers for use

with an LCAT antigen binding protein include, but are not limited to, doxazosin, methyldopa,

clonidine, prazosin, terazosin, or combinations thereof.

Angiotensin II Receptor Antagonists

[00650] These compounds are also known as angiotensin receptor blockers, or simply

ARBs, ATi-receptor antagonists, or sartans. They are useful in treating hypertension,

congestive heart failure, and various other diseases and disorders. Suitable examples of

angiotensin II receptor antagonists for use with an LCAT antigen binding protein include, but

are not limited to, candesartan, irbesartan, olmesartan, losartan, valsartan, telmisartan,

eprosartan, or combinations thereof.

Anti-arrhythmic Drugs

[00651] Drugs of this class function by correcting an irregular heartbeat and/or to slow a

heart that is beating too rapidly. Drugs that can be combined with an LCAT antigen-binding

protein include, but are not limited to, adenosine, amiodarone, digoxin, disopyramide,

flecainide, lidocaine, mexiletine, procainamide, quinidine gluconate, propafenone

hydrochloride, tocainide, or combinations thereof



ApoA-1 Mimetics

[00652] Apolipoprotein A-I ("apoA-1") is the primary protein component of serum HDL

cholesterol. Suitable examples of apoA-1 mimetics for use with an LCAT antigen binding

protein include, but are not limited to, ETC-216, ETC-588- liposome, ETC-642, trimeric apoA-

1, CSL-1 11, APPO 18, reverse D-4F, or combinations thereof.

Beta Blockers

[00653] Beta blockers block responses to the beta nerve receptor, thereby slowing slow

heart rate and lowering blood pressure. Non-limiting examples of suitable beta blockers include

acebutolol, atenolol, metoprolol, nadolol, nebivolol, pindolol, propranolol, or combinations

thereof.

Bile Acid Sequestrants

[00654] This class of compounds interrupts the enterohepatic circulation of bile acids by

binding bile acid components in the gastrointestinal tract such that they cannot be absorbed.

This property makes bile acid sequestrants useful in preventing or treating hyperlipidemia and

related disorders. Examples of sequestrants that can be used with an LCAT antigen binding

protein include, but are not limited to, colesevelam Hcl, colestipol, locholest and

cholestyramine or combinations thereof.

Calcium-Channel Blockers

[00655] These molecules cause vasodilation and are useful in preventing or treating

hypertension. Examples of suitable calcium channel blockers for use with the antigen binding

proteins provided herein include, but are not limited to, nicardipine, diltiazem, clevidipine

butyrate, isradipine, nimodipine, nisoldipine, verapamil, amlodipine besylate, amlodipine,

olmesartan, valsartan, or combinations thereof.

Dyslipidemia Agents

[00656] Dyslipidemia is a class of diseases that characterized by elevated cholesterol

levels. Examples of dyslipidemia agents that can be utilized in combination with an LCAT

antigen binding protein, include, but are not limited to, Angptl4 antibody, APA-01

(Phosphagenics), CRD-5 (ImaSight), NCX6560 (McOx), PCSK9 RNAi (Alnylam),

recombinant apoA-1 (SemBioSys Genetics), anti-oxLDL (Genentech), APL1 80 (Novartis),

APPO 18 (D4F) (Novartis), CER-002 (Cerenis Therapeutics), CP-800,569 (Pfizer), GSK-



256073 (GlaxoSmithKline), MB07811 (Metabasis), PF-3, 185,043 (Pfizer), R7232 (Roche),

rilapladib (GlaxoSmithKline), RVX-208 (Resverlogix), Sobetirome (QRX-431 (QuatRx)),

anacetrapib (Merk), CSL1 1 1(CSL Limited), darapladib (GlaxoSmithKline), eprotirome (Kara

Bio), GFT505 (Genfit), MAHDLOl (Marzal Plant Pharma), MBX-8025 (Metabolex), PLX204

(Wyeth/Plexxikon), aleglitezar (Roche), dalcetrapib (Roche), SLx4090 (Surface Logix),

verespladib (Anthera Pharmaceuticals), AEGR-733 (Aegerion), ABT-335 (Abbott

Laboratories), AVE5530 (Sanofi-Aventis), LCP-AtorFen (LifeCycle Pharma), TRIA-662

(Cortria), fenofibrate, choline fenofibrate, ezetimibe, colsevelam, laropiprant, or combinations

of any of the foregoing.

Endothelin Receptor Antagonists

[00657] When endothelin- 1 binds to endothelin-A (ETA) or endothelin-B (ETB)

receptors, the binding causes pulmonary vasoconstriction. Antagonists are thus useful in

attenuating pulmonary vasoconstriction and, as such, are useful in treating pulmonary

hypertension. Examples of endothelin receptor antagonists that can be utilized in combination

with an LCAT antigen binding protein include, but are not limited to, ambrisentan, bosentan,

volibris, thelin, or combinations thereof.

LCAT Activators

[00658] The LCAT antigen binding proteins disclosed herein can be used in combination

with another LCAT activator. Examples of suitable activators include native and modified

forms of LCAT as described, for example, in U.S. Patent No. 6,635,614 and WO 09/015314,

both of which are incorporated by reference herein in their entirety. Small molecule activators

are described in WO 08/002591, which is also incorporated herein by reference in its entirety.

Lp-PLA2 Inhibitors

[00659] Lp-PLA2 hydrolyzes oxidized phospholipids in LDL cholesterols. High levels

of Lp-PLA2 seem to trigger a cascade of inflammatory events in atherosclerosis and an

increased risk of stroke. Lp-PLA2 inhibitors, therefore, are useful in slowing or preventing

development of atherosclerosis. Examples of suitable Lp-PLA2 inhibitors include, but are not

limited to, rilapladib, darapladib, and combinations thereof.



Fibrates and PPAR Agonists

[00660] Fibrates or fibric acid derivatives are regarded as broad-spectrum lipid-

modulating agents in that although their main action is to decrease serum triglycerides they also

tend to reduce LDL-cholesterol and to raise HDL-cholesterol. The combined use of an LCAT

antigen binding protein and a fibrate can reduce the risk of coronary heart disease events in

those with low HDL-cholesterol or with raised triglycerides by speeding up the chemical

breakdown (i.e., catabolism) of triglyceride-rich lipoproteins that circulate in the body.

[00661] Fibrates include, but are not limited to, bezafibrate, ciprofibrate, fenofibrate,

gemfibrozil, clofibrate, CER-002, rosiglitazone, GW501516, RWJ 800025, KD-3010, and

combinations thereof. Fibrates suitable for inclusion in the compositions or administration in

the methods of the invention are disclosed in U.S. Pat. Nos. 4,895,762; 6,074,670; and

6,277,405.

Squalene Epoxidase Inhibitors

[00662] These inhibitors, also called squalene monooxygenase inhibitors, inhibit the

oxidation of squalene in the cholesterol biosynthesis pathway and are useful in preventing or

slowing the cholesterol production. Examples of squalene epoxidase inhibitors that can be used

as part of a co-therapy include, but are not limited to, terbinafme, naftifine, amorolfme,

butenafine, FR194738, NB-598, resveratrol (trans-3,4',5-trihydroxystilbene), epigallocatechin-

3-O-gallate, S-allyIcysteine, selenocysteine, alliin, diallyl trisulfide, diallyl disulfide, and

combinations thereof.

Anti-Inflammatory Drugs

[00663] In prevention and treatment of inflammation, LCAT antigen binding proteins

can be used in combination with, for example, acetylsalicylic acid (Aspirin, Ecotrin), choline

magnesium salicylate (Trilisate), diclofenac (Voltaren, Cataflam, Voltaren-XR), diflunisal

(Dolobid), etodolac (Lodine), fenoprofen (Nalfon), flurbiprofen (Ansaid), ibuprofen (Advil,

Motrin, Medipren, Nuprin), indomethacin (Indocin, Indocin-SR), ketoprofen (Orudis, Oruvail),

meclofenamate (Meclomen), nabumetone (Relafen), naproxen (Naprosyn, Naprelan, Anaprox,

Aleve), oxaprozin (Daypro), phenylbutazone (Butazolidine), piroxicam (Feldene), salsalate

(Disalcid, Salflex), tolmetin (Tolectin), valdecoxib (Bextra), and COX-2 selective non-steroidal

anti-inflammatory drugs (NSAIDs) including Bextra, Celebrex, Naproxen, and Vioxx.

Prescription-only NSAIDs include ibuprofen (Brufen), aceclofenac (Preservex), acemetacin

(Emflex), azapropazone (Rheumox), celecoxib (Celebrex), dexketoprofen (Keral), diclofenac



(Voltarol, Diclomax, Arthrotec), diflusinal (Dolobid), etodolac (Lodine), fenbufen (Lederfen),

fenoprofen (Fenopron), flurbiprofen (Froben), indometacin, ketoprofen (Orudis, Oruvail),

mefenamic acid, meloxicam (Mobic), nabumetone (Relifex), naproxen (Naprosyn, Synflex),

phenylbutazone (Butacote), piroxicam (Feldene), sulindac (Clinoril), tenoxicam (Mobiflex) and

tiaprofenic acid (Surgam).

Anti-Thrombosis Drugs

[00664] In methods for prevention and treatment of thrombosis-related conditions, an

LCAT antigen binding protein can be used in combination with anti-thrombosis drugs such as

anticoagulant drugs, which inhibit the ability of blood to clot, or coagulate and include

dalteparin (Fragmin), danaparoid (Orgaran), enoxaparin (Lovenox), heparin (various),

tinzaparin (Innohep), warfarin (Coumadin), and lepirudin (Refludan), and antiplatelet drugs

such as aspirin, ticlopidine (Ticlid), clopidogrel (Plavix), tirofiban (Aggrastat) and eptifibatide

(Integrilin). Still other methods include the use of bivalirudin (selective and reversible thrombin

inhibitor), argatroban (reversible inhibitor of thrombin), and low molecular weight heparins

(LMWHs), including enoxaparin (Lovenox), dalteparin (Fragmin), ardeparin (Normiflo)

fondaparinux and idraparinux. Still other anti-thrombosis drugs contemplated for use with the

LCAT antigen binding proteins include fragmin (dalteparin sodium injection) lovenox

(enoxaparin sodium), Normiflo (ardeparin sodium), Orgaran (danaparoid sodium), indirect

(Antithrombin-Dependent) FXa inhibitors such as fondaparinux (Arixtra®) and idraparinux,

direct (Antithrombin-Independent) FXa inhibitors such as BAY 59-7939 [Bayer], DPC-423

[Bristol-Myers Squibb], DX-9065a [Daiichi], LY517717, razaxaban (DPC906), lepirudin

(Refludan.RTM.), desirudin (Revasc®), bivalirudin (Hirulog®, Angiomax®), argatroban

(Novastan®), melagatran, and ximelagatran (Exanta®).

Anti-Diabetic Drugs

[00665] Combination therapy using anti-diabetic drugs that lower blood glucose levels

are also provided. Except for insulin, exenatide and pramlintide, antidiabetics are administered

orally and are thus also called oral hypoglycemic agents or oral antihyperglycemic agents.

Antidiabetic drugs divided into the following groups: insulin, sulfonylureas, alpha-glucosidase

inhibitors, biguanides, meglitinides, glitazones, thiazolidinediones and incretin peptides such as

GLP-1 and exendin and analogs thereof. Drugs from any of these classes can be combined

with an LCAT antigen binding protein for use in therapy.



[00666] Insulin (Humulin, Novolin) controls blood glucose levels. Forms include

isophane insulin suspension, insulin zinc suspension, and other formulations that extend the

duration of insulin action. Inhaled forms of insulin can also be utilized.

[00667] Sulfonylureas increase insulin release from the beta cells of the pancreas, and

include chlorpropamide [Diabinese], tolazamide [Tolinase], glipizide [Glucotrol], glimepiride

(Amaryl), tolbutamide (Orinase), acetohexamide (Dymelor), glyburide (Diabeta, Micronase,

Glynase), glisoxepid, glyburide, acetohexamide, glibomuride, gliquidone, glyhexamide,

phenbutamide, tolcyclamide, and gliclazide (Diamicron).

[00668] Alpha-glucosidase inhibitors inhibit the conversion of disaccharides and

complex carbohydrates to glucose, and are used in combination therapy with sulfonylureas or

other hypoglycemic agents. This type of anti-diabetic agent includes acarbose [Precose] and

miglitol [Glyset].

[00669] The biguanide class of compounds mentioned above decreases hepatic glucose

production, decreases intestinal absorption of glucose and increases peripheral glucose uptake

and use. Biguanides for use in the compositions and methods provided herein include, but are

not limited to, metformin, phenformin, buformin, or combinations thereof. Suitable biguanides

suitable are also disclosed in U.S. Pat. No. 6,303,146. The combined use of a bigaunide and an

antigen binding protein may improve glycemic control by enhancing insulin sensitivity in the

liver and in muscle. The combination may reduce or avoid cardiovascular risk factors such as

dyslipidemia, elevated plasminogen activator inhibitor I levels, other fibrinolytic abnormalities,

hyperinsulinemia, insulin resistance, and is an effective and safe therapeutic agent for the

treatment of type 2 diabetes.

[00670] The meglitinide class of compounds stimulates insulin production and may be

used in combination with metformin. This class includes repaglinide (Prandin) and nateglitinide

(Starlix). Thiazolidinedione agents reduce glucose production in the liver and increase insulin-

dependent glucose uptake in muscle cells. These agents may be used in combination with

metformin or a sulfonylurea, and include rosiglitazone (Avandia) and pioglitazone (Actos).

[00671] Glitazones, which may increase glucose uptake in muscle and reduce

endogenous glucose production. Glitazones include 5-((4-(2-(methyl-2-pyridinyl

amino)ethoxy)-phenyl)methyl)-2,4-thiazolidinedione, troglitazone, pioglitazone, ciglitazone,

WAY- 120,744, englitazone, AD 5075, darglitazone, rosiglitazone, combinations thereof, or a

pharmaceutically acceptable salt, solvate, clathrate, polymorph, prodrug, or pharmacologically

active metabolite thereof. Glitazones suitable for use in the compositions or methods described

herein are disclosed in U.S. Pat. Nos. 4,687,777; 5,002,953; 5,741,803; 5,965,584; 6,150,383;



6,150,384; 6,166,042; 6,166,043; 6,172,090; 6,21 1,205; 6,271,243; 6,288,095; 6,303,640; and

6,329,404.

[00672] Anti-diabetic peptide analogs include incretins which are insulin secretagogues,

including glucagon-like peptide- 1 (GLP-1) and gastric inhibitory peptide (also known as

glucose-dependent insulinotropic peptide or GIP). Both GLP-1 and GIP are inactivated by the

dipeptidyl peptidase-4 (DPP-4). Other peptides include Exenatide (also Exendin-4, sold as

Byetta®) which is a GLP agonist and is more resistant to degradation by DPP-4; dipeptidyl

peptidase-4 (DPP-4) inhibitors which maintain blood concentration of GLP-1 by inhibiting its

degradation by dipeptidyl peptidase-4 (DPP-4), this class of peptides including vildagliptin and

sitagliptin, and amylin agonist analogues which slow gastric emptying and suppress glucagons,

this type including pramlintide.

Cytokines

[00673] Exemplary cytokines or hematopoietic factors for co-administration include IL-1

alpha, IL-1 beta, IL-2, IL-3, IL-4, IL-5, IL-6, IL-11, colony stimulating factor-1 (CSF-1), M-

CSF, SCF, GM-CSF, granulocyte colony stimulating factor (G-CSF), EPO, interferon-alpha

(IFN-alpha), consensus interferon, IFN-beta, IFN-gamma, IFN-omega, IL-7, IL-8, IL-9, IL-10,

IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, IL-21, IL-22, IL-23, IL-24, IL-

31, IL-32 alpha, IL-33, thrombopoietin (TPO), angiopoietins, for example Ang-1, Ang-2, Ang-

4, Ang-Y, the human angiopoietin-like polypeptides ANGPTLl through 7, vitronectin, vascular

endothelial growth factor (VEGF), angiogenin, activin A, activin B, activin C, bone

morphogenic protein- 1, bone morphogenic protein-2, bone morphogenic protein-3, bone

morphogenic protein-4, bone morphogenic protein-5, bone morphogenic protein-6, bone

morphogenic protein-7, bone morphogenic protein-S, bone morphogenic protein-9, bone

morphogenic protein- 10, bone morphogenic protein-1 1, bone morphogenic protein- 12, bone

morphogenic protein-13, bone morphogenic protein-14, bone morphogenic protein-15, bone

morphogenic protein receptor IA, bone morphogenic protein receptor IB, bone morphogenic

protein receptor II, brain derived neurotrophic factor, cardiotrophin-1, ciliary neutrophic factor,

ciliary neutrophic factor receptor, cripto, cryptic, cytokine-induced neutrophil chemotactic

factor 1, cytokine-induced neutrophil, chemotactic factor 2a, cytokine-induced neutrophil

chemotactic factor 2.beta., .beta endothelial cell growth factor, endothelin 1, epidermal growth

factor, epigen, epiregulin, epithelial-derived neutrophil attractant, fibroblast growth factor 4,

fibroblast growth factor 5, fibroblast growth factor 6, fibroblast growth factor 7, fibroblast

growth factor 8, fibroblast growth factor 8b, fibroblast growth factor 8c, fibroblast growth



factor 9, fibroblast growth factor 10, fibroblast growth factor 11, fibroblast growth factor 12,

fibroblast growth factor 13, fibroblast growth factor 16, fibroblast growth factor 17, fibroblast

growth factor 19, fibroblast growth factor 20, fibroblast growth factor 21, fibroblast growth

factor acidic, fibroblast growth factor basic, glial cell line-derived neutrophic factor receptor

.alpha. 1, glial cell line-derived neutrophic factor receptor .alpha.2, growth related protein,

growth related protein .alpha., growth related protein .beta., growth related protein .gamma.,

heparin binding epidermal growth factor, hepatocyte growth factor, hepatocyte growth factor

receptor, hepatoma-derived growth factor, insulin-like growth factor I, insulin-like growth

factor receptor, insulin-like growth factor II, insulin-like growth factor binding protein,

keratinocyte growth factor, leukemia inhibitory factor, leukemia inhibitory factor receptor

.alpha., nerve growth factor nerve growth factor receptor, neuropoietin, neurotrophin-3,

neurotrophin-4, oncostatin M (OSM), placenta growth factor, placenta growth factor 2, platelet-

derived endothelial cell growth factor, platelet derived growth factor, platelet derived growth

factor A chain, platelet derived growth factor AA, platelet derived growth factor AB, platelet

derived growth factor B chain, platelet derived growth factor BB, platelet derived growth factor

receptor .alpha., platelet derived growth factor receptor .beta., pre-B cell growth stimulating

factor, stem cell factor (SCF), stem cell factor receptor, TNF, including TNFO, TNF1, TNF2,

transforming growth factor .alpha., transforming growth factor .beta., transforming growth

factor .beta.l, transforming growth factor .beta. 1.2, transforming growth factor .beta.2,

transforming growth factor .beta.3, transforming growth factor .beta.5, latent transforming

growth factor .beta.l, transforming growth factor .beta binding protein I, transforming growth

factor .beta binding protein II, transforming growth factor .beta.3 binding protein III, thymic

stromal lymphopoietin (TSLP), tumor necrosis factor receptor type I, tumor necrosis factor

receptor type II, urokinase-type plasminogen activator receptor, vascular endothelial growth

factor, and chimeric proteins and biologically or immunologically active fragments thereof.

Use of LCAT Antigen Binding Proteins for Diagnosis

[00674] The LCAT antigen binding proteins that are provided herein are useful for

detecting LCAT in biological samples. For instance, the LCAT antigen binding proteins can be

used in diagnostic assays, e.g., binding assays to detect and/or quantify LCAT expressed in

serum.

[00675] The antigen binding proteins of the described can be used for diagnostic

purposes to detect, diagnose, or monitor diseases and/or conditions associated with LCAT. The

disclosed antigen binding proteins provide a means for the detection of the presence of LCAT



in a sample using classical immunohistological methods known to those of skill in the art (e.g.,

Tijssen, 1993, Practice and Theory of Enzyme Immunoassays, Vol 15 (Eds R.H. Burdon and

P.H. van Knippenberg, Elsevier, Amsterdam); Zola, 1987, Monoclonal Antibodies: A Manual

of Techniques, pp. 147-158 (CRC Press, Inc.); Jalkanen et a ., 1985, J. Cell. Biol. 101:976-985;

Jalkanen et al, 1987, J. Cell Biol. 105:3087-3096). The detection of LCAT can be performed

in vivo or in vitro.

[00676] Diagnostic applications provided herein include use of the antigen binding

proteins to detect expression of LCAT. Examples of methods useful in the detection of the

presence of LCAT include immunoassays, such as the enzyme linked immunosorbent assay

(ELISA) and the radioimmunoassay (RIA).

[00677] For diagnostic applications, the antigen binding protein typically will be labeled

with a detectable labeling group. Suitable labeling groups include, but are not limited to, the

following: radioisotopes or radionuclides (e.g., H, 14C, 1 N, S, 0Y, Tc, In, 1, 1 1I),

fluorescent groups (e.g., FITC, rhodamine, lanthanide phosphors), enzymatic groups (e.g.,

horseradish peroxidase, β-galactosidase, luciferase, alkaline phosphatase), chemiluminescent

groups, biotinyl groups, or predetermined polypeptide epitopes recognized by a secondary

reporter (e.g., leucine zipper pair sequences, binding sites for secondary antibodies, metal

binding domains, epitope tags). In some embodiments, the labeling group is coupled to the

antigen binding protein via spacer arms of various lengths to reduce potential steric hindrance.

Various methods for labeling proteins are known in the art and may be used.

[00678] In some embodiments, the LCAT antigen binding protein is isolated and

measured using techniques known in the art. See, for example, Harlow and Lane, 1988,

Antibodies: A Laboratory Manual, New York: Cold Spring Harbor (ed. 1991 and periodic

supplements); John E. Coligan, ed., 1993, Current Protocols In Immunology New York: John

Wiley & Sons.

[00679] Another aspect of the disclosed provides for detecting the presence of a test

molecule that competes for binding to LCAT with the antigen binding proteins provided. An

example of one such assay would involve detecting the amount of free antigen binding protein

in a solution containing an amount of LCAT in the presence or absence of the test molecule.

An increase in the amount of free antigen binding protein (i.e., the antigen binding protein not

bound to LCAT) would indicate that the test molecule is capable of competing for LCAT

binding with the antigen binding protein. In one embodiment, the antigen binding protein is

labeled with a labeling group. Alternatively, the test molecule is labeled and the amount of free

test molecule is monitored in the presence and absence of an antigen binding protein.



EXAMPLES

[00680] The following examples, including the experiments conducted and the results

achieved, are provided for illustrative purposes only and are not to be construed as limiting the

scope of the appended claims.

EXAMPLE 1

Assays

1. LCAT Enzyme Activity Assays

[00681 ] Two assay methods for determining LCAT activity were developed. The first

method used human apoA-I liposomes as the substrates for the LCAT reaction. ApoA-I

proteoliposomes were prepared by standard cholate-dialysis procedure (Chen and Albert., J

Lipid Res 1982; 23: 680). Initial proteoliposome mixtures contained egg phosphatidylcholine

(PC)/ H-unesterfied cholesterol/human apoA-I in a molar ratio of 250: 12.5:0.8. After dialysis,

the proteoliposomes were incorporated with an aliquot of LCAT samples (e.g., from purified

material, plasma, compounds under test, etc.) at 37°C for 60 minutes and LCAT activity was

determined by measuring the conversion of radiolabeled free cholesterol (FC) to esterified

cholesterol (CE) using either scintillation proximity assay (SPA) format or the thin-layer

chromagraphy (TLC) formats. This method is an in vitro assay protocol to measure LCAT

enzyme activity of the samples/compounds under standardized substrate condition. The SPA

format was performed to identify non-inhibitors for LCAT.

[00682] The second assay for LCAT activity measured the cholesterol esterification rate

(CER) of plasma from test animals or subjects, and is thus referred to as an "ex vivo" assay

format. CER reflects the LCAT activity of both the endogenous plasma enzyme and/or the

spiked exogenous rLCAT protein on native plasma lipoprotein substrates. This assay also

reflects the bioavailability of substrate molecules and apoA-I activity of the plasma samples.

Aliquots of pooled plasma samples from healthy subjects were equilibrated with a trace amount

of radiolabeled FC at 4°C for 4 hours and the effect of added samples or test compounds on

CER was quantified by TLC analysis after incubation at 37°C for 60 minutes. This plasma CER

method was used for lead confirmation and characterization.



2. Methods for Analyzing Plasma Lipoproteins

[00683] Plasma lipids and lipoprotein were measured by using clinical analyzer (Cobas

Integra 400 system) and Cobas HDL-C plus 2nd Generation kit (Roche). Fast performance

liquid chromatography (FPLC) was used to measure the lipoprotein profile and changes of

HDL particle size in plasma from animals treated with rLCAT. Plasma samples (individual or

pooled) were loaded onto a Sepharose 6 PC column connected to an FPLC system (Amersham

Biosciences) and eluted with PBS. Fractions of 50 volume were collected. Total cholesterol

(TC) and triglyceride content in each FPLC fraction were determined using Infinity kits

(Thermo DMA) according to manufacturer's protocols.

3. Methods of Western Blot Analysis

[00684] Western blot analysis of plasma apoA-I, apoB and apoE was performed using

goat anti-human antibodies (abeam). Bands were quantified by densitometry using ImageJ

(National Institutes of Health).

EXAMPLE 2

Preparation of anti-LCAT Monoclonal Antibodies

[00685] Immunizations were conducted using one or more suitable forms of LCAT

antigen, including soluble recombinant human wild-type LCAT and soluble recombinant

human mutant C3 1Y LCAT (i.e., human LCAT in which C3 1 of SEQ ID NO: 1 was substituted

with tyrosine), or combinations thereof.

[00686] A suitable amount of immunogen (i.e., ten µg/mouse of soluble LCAT) was

used for initial immunization in XenoMouse™ according to the methods disclosed in U.S.

Patent Application Serial No. 08/759,620, filed December 3, 1996 and International Patent

Application Nos. WO 98/24893, published June 11, 1998 and WO 00/76310, published

December 21, 2000, the disclosures of which are hereby incorporated by reference. Following

the initial immunization, subsequent boost immunizations of immunogen (five µg/mouse of

soluble LCAT) were administered on a schedule and for the duration necessary to induce a

suitable titer of anti-LCAT antibody in the mice. Titers were determined by various suitable

methods, such as enzyme immunoassay.

[00687] Animals exhibiting suitable titers were identified, and lymphocytes were

obtained from draining lymph nodes and spleen and, if necessary, pooled for each cohort.

Lymphocytes were dissociated from lymphoid tissue by grinding in a suitable medium (for



example, Dulbecco's Modified Eagle Medium; DMEM; obtainable from Invitrogen, Carlsbad,

CA) to release the cells from the tissues, and suspended in DMEM. B cells were selected

and/or expanded and fused with suitable fusion partner, for example, nonsecretory myeloma

P3X63Ag8.653 cells (American Type Culture Collection CRL 1580; Kearney et al, J. Immunol.

123, 1979, 1548-1550), using techniques that are known in the art.

[00688] In one suitable fusion method, lymphocytes are mixed with fusion partner cells

at a ratio of 1:4. The cell mixture is gently pelleted by centrifugation at 400 x g for 4 minutes,

the supernatant decanted, and the cell mixture gently mixed. Fusion is induced with

PEG/DMSO (polyethylene glycol/dimethyl sulfoxide; obtainable from Sigma-Aldrich, St.

Louis MO; 1 ml per million of lymphocytes). PEG/DMSO is slowly added with gentle

agitation over one minute followed, by one minute of mixing. IDMEM (DMEM without

glutamine; 2 ml per million of B cells), is then added over 2 minutes with gentle agitation,

followed by additional IDMEM (8 ml per million B-cells) which is added over 3 minutes.

[00689] The fused cells are gently pelleted (400 x g 6 minutes) and resuspended in 20 ml

Selection media (for example, DMEM containing Azaserine and Hypoxanthine [HA] and other

supplemental materials as necessary) per million B-cells. Cells re incubated for 20-30 minutes

at 37° C and then resuspended in 200 ml Selection media and cultured for three to four days in

T175 flasks prior to 96 well plating.

[00690] Cells were distributed into 96-well plates using standard techniques to maximize

clonality of the resulting colonies. After several days of culture, supernatants were collected

and subjected to screening assays, including confirmation of binding to human LCAT and

evaluation of cross-reactivity with other species of LCAT (for example, cynomolgus monkey

and/or murine LCAT). Positive cells were further selected and subjected to standard cloning

and subcloning techniques. Clonal lines were expanded in vitro, and the secreted human

antibodies obtained for analysis.

[00691 ] A total of 49760 hybridomas were screened for binding to human wild type

LCAT; 1748 hybridomas were identified as capable of binding. Based upon further

characterization studies, 3 different antibodies (25B7, 18E5 and 27C3) were identified as

capable of binding recombinant wild-type human LCAT, and 3 antibodies (14F1 1, 25B7 and

27C3) were identified as capable of binding recombinant wild-type cynomolgus (cyno) LCAT.

These antibodies were selected for further characterization.



EXAMPLE 3

Antibody Binding Affinities to Human and Cynomolgus LCAT

[00692] BIAcore was used to determine the affinity binding constants to full-length wild

type recombinant cynomolgus LCAT and full-length wild type recombinant human LCAT

proteins for the four antibodies demonstrated to bind human LCAT (i.e., antibodies 14F11,

18E5, 25B7, and 27C3).

[00693] Biosensor analysis was conducted at 25 °C in a HBS-EP buffer system (10 mM

HEPES pH 7.4, 150 mM NaCl, 3 mM EDTA, 0.005% Surfactant P20) using a Biacore 3000

optical biosensor equipped with a CM5 sensor chip. All reagents were kept at 4 °C prior to

injection.

[00694] Surface Preparation. Goat anti-human IgG (30 mg/mL) ( abeam) was

immobilized (10000 RU) over flow cells 1-4 via standard amine coupling and followed by

ethanolamine blocking. Each antibody (150 ng/mL) was captured (-100 RU) on a separate

flow cell and analyzed simultaneously in sets of three. Flow cell 1 was used as the reference

flow cell.

[00695] Analyte Preparation. Triplicate samples of LCAT were prepared in running

buffer. The association rate was monitored for three minutes at 50 mL/min and the dissociation

rate for either five minutes (cyno studies) or ten minutes (human studies).

[00696] Surface Regeneration. The surface was regenerated at 50 mL/min with 10 mM

glycine (pH 1.5, 25 mL).

[00697] Model/Fit. The data were fit to a 1:1 binding model (global Rmax) via

Scrubber2 software. In some cases the highest concentrations were omitted to provide a better

fit to the 1:1 binding model.

[00698] The binding results of the antibodies to the two different species of LCAT are

summarized in TABLE 8 below. As indicated in TABLE 8, the top binders to human LCAT

were 27C3, 18E5 and 25B7. Each bound human LCAT in the 1-2 nM (¾) range. Only one

antibody (25B7, = 1.2 nM) bound cyno LCAT with comparable affinity.



EXAMPLE 4

Characterization of anti-LCAT Monoclonal Antibodies as

Binders, Activators and/or Inhibitors

[00699] The antibodies confirmed as LCAT protein binders were further investigated for

their effects on activation or inhibition of human LCAT enzyme using the LCAT assays

described in the LCAT Enzyme Activity Assay section above.

[00700] For the activation assay lOul hybridoma media samples were incubated with

full-length wild type recombinant human LCAT protein that carries a His and Flag tag at the C-

terminus (HuLCAT-HF) at a reaction concentration of 0.8ug/ml. This assay also contained 1%

Human Serum Albumin (Fatty Acid Free), 7mM Tris pH7.4, 4mM EDTA, lOOmM NaCl, and

2mM beta-mercaptoethanol. LCAT reaction substrate consisted of human Apolipoprotein-AI

proteoliposomes containing 67uM L-alpha-Phosphatidylcholine Type XVI-E (Sigma P3556),

8uM Cholesterol (Sigma C8667), 4uM [4- 14C] -cholesterol (Perkin Elmer NEC018250UC

(stock 48mCi/mMol), and 12ug/ml Apolipoprotein-AI (Meridian Life Sciences). Reactions

were run in triplicate and incubated in a 37 °C water bath for 1 hour. Following the reaction,

lipids were extracted with a 10-fold volume addition of 100% EtOH. Lipid-containing

supernatants were obtained by centrifugation and then dried under a stream of nitrogen gas,

resuspended in chloroform, and spotted on thin-layer chromatography plates (Silica gel 60A,

Whatman 4865-821). Cholesterol and Cholesteryl ester were separated by running plates in a

TLC chamber with Petroleum Ether : Ether : Acetic Acid (100 : 20 : 0.5 by volume).

Cholesterol and Cholesterylester bands were detected by exposing to image plates and

subsequent reading on a Fujifilm FLA-5 100 image reader. Ratios of cholesterol to cholesteryl

ester were determined using ImageQuant software (Fujifilm). Activation was confirmed in

select samples by a volumetric dose response using Oul, 0.4ul, 2ul, and lOul with the same

assay conditions.

[00701 ] TABLE 9 summarizes the results of these studies and lists LCAT activity as

fold over the vehicle control buffer activity against full-length wild type recombinant LCAT

enzyme with use of human apoA-I liposome as the substrate at 37°C for 60 min reaction.



TABLE 9

EXAMPLE 5

Antibody Mutants - Glycosylation Site Mutants

[00702] Glycosylation occurs on asparagines (N) in the motif N-X-S/T, where X is

anything but proline. N-linked glycosylation sites were investigated on antibody 27C3 (see

TABLE 4 for relevant sequence information) because glycosylation can cause variability in the

product produced through the manufacturing process. In the case of antibody 27C3, an N-

linked glycosylation site was identified at Asn40 (using AHo numbering; see reference below)

in the CDR1 of the heavy chain. This glycosylation site was determined to be incompletely

glycosylated. When the glycosylated and unglycosylated forms were separated, the

glycosylated material was found to neither bind nor activate LCAT. Thus, to explore options

for improving manufacturing and activity, standard directed mutagenesis techniques were

employed to generate different mutations at the N-linked glycosylation site of CDR1 of the

heavy chain of antibody 27C3.

[00703] TABLE 10 provides a summary of the different mutants tested and the resulting

activity and binding affinities. The different mutants are indicated in the form XPosition

numberY, where X is the amino acid that occurs at the listed position number in the variable

heavy chain of antibody 27C3 and Y is the amino acid that is substituted for amino acid X.

Thus, for instance, N40Q means that glutamine (Q) has been substituted for asparagine (N) at

position 40. As shown in Table 11, the positioning numbering for the different mutants can be

expressed in two formats: (a) as determined using a numbering system based on the AHo

numbering convention (see, e.g., Honegger, A. and Pluckthun, A. (2001) J . Mol. Biol. 309:657-

670, which is incorporated by reference herein in its entirety) and (b) the actual position within

the variable heavy chain of antibody 27C3 as shown in SEQ ID NO:45. Mutant forms of

antibody 27C3 containing a mutation as just described are referred to in either the short hand

form described above or alternatively as 27C3(XPosition numberY) and as shown in TABLE

10, where X and Y have the meaning just described above, and where the position number is



determined using the numbering system referred to above that is based on the AHo convention.

As an example, 27C3(S42A) refers to an antibody in which serine (S) at position 42 (using the

numbering system based on the AHo convention; corresponding to position 37 of SEQ ID

NO:45) of the variable heavy domain of 27C3 is replaced with alanine (A).

TABLE 10

LCAT Activity for Different Mutations of 27C3

TABLE 11

Location of Different Mutations of VH Domain of 27C3



Location of Mutation Location of Mutation
Antibody (using numbering (SEQ ID NO: )

Ref. system based on
AHo convention)

27C3(N40E) 40 35

27C3(N40A) 40 35

27C3(N40S) 40 35

27C3(N40T) 40 35

27C3(N40V) 40 35

27C3(N40Y) 40 35

27C3(S42V) 42 37

27C3(S42A) 42 37

EXAMPLE 6

LCAT Activation by LCAT Activating Antibodies

[00704] The antibodies 27C3 and the 27C3 mutant, 27C3(S42A) as described in

Example 5, were tested ex vivo in cyno plasma and human plasma by dosing various amounts

of antibody material into isolated plasma samples. FIGS. 1A and IB show that both the 27C3

and the 27C3(S42A) antibodies were able to activate cyno and human LCAT in the plasma

compartments in a dose-dependent manner.

EXAMPLE 7

In Vivo Elevation of HDL Levels in Cynomolgus Monkeys

[00705] A study in cynomolgus monkeys (cynos) was undertaken to determine and

confirm the in vivo effect of antibody 27C3(S42A). Animals (N=6) were treated with either

antibody 27C3(S42A), or control IgG2, or antibody 14F1 1, which binds cyno LCAT but lacks

activating activity. Blood samples were collected from single dosing up to 32 days. The

results are shown in FIG. 2 and demonstrate that 27C3(S42A) treatment increased cyno plasma

levels of HDL-C about 45% above the control group, with the HDL-raising efficacy lasting up

to 30 days.



EXAMPLE 8

Epitope Binding Determination from Competition Assays using BIAcore

[00706] A set of binding studies were conducted via Biacore analysis to determine

whether antibodies 27C3, 7G8, 18E5, 27C3(S42A), 25B7, 14F121 and 23G2 bound the same

epitopes.

[00707] Biosensor analysis was conducted at 25 °C in a HBS-EP+ (IX) buffer system

(10 mM HEPES pH 7.4, 150 mM NaCl, 3.0 mM EDTA, 0.05% Surfactant P20) using a

BIAcore 4000 optical biosensor equipped with a CM5 sensor chip. The autosampler kept each

of the reagents at 8 °C prior to use. Each antibody was immobilized (5000±600 RU) to the

sensor chip via standard amine coupling to a pair of spots (either 1 and 2 or 4 and 5) in one of

the four available flow cells. This was followed with ethanolamine blocking. The antigen

(huLCAT, 300 nM) was then captured to spots 1 and 5 of each flow cell. Finally one of the

antibodies was injected (10 ug/mL) over each spot in each flow cell. After a short dissociation

period (2 min) the surface was regenerated (10 mM glycine, pH 1.5) so that antigen could be

captured again and a different secondary antibody analyzed.

[00708] The acquired data was analyzed with Biacore 4000 Evaluation Software. The

data was cropped to isolate the interaction between the antigen/primary antibody complex and

the secondary antibody. The sensorgrams from the reference spots (2 and 4) were then

subtracted from their adjacent assay spots ( 1 and 5). A difference between the reference spots

(2 or 4) and their respective assay spots ( 1 or 5) was an indication that the secondary molecule

binds to a different epitope on the antigen.

[00709] The results from this epitope mapping experiment showed that activator

antibodies 27C3 and 27C3(S42A) bind to the same epitope. Activator antibody 18E5 competes

for binding with both 27C3 and 27C3(S42A). Inhibitor antibody 25B7 binds to a different

epitope than 18E5 and both versions of 27C3 (i.e., 27C3 and 27C3(S42A).

EXAMPLE 9

Determination of Epitope for Antibody 27C3 by X-ray Crystallography

[00710] The three dimensional X-ray crystal structure of a Fab fragment of the activating

antibody, 27C3, in complex with human LCAT was solved to determine the specific amino

acid residues involved in this interaction.



Methods

Expression and Purification of Protein Samples

[00711] Human LCAT (L4F, N5D LCAT) was expressed in 293 S cells with a C-terminal

His6 tag (SEQ ID NO: 169). The LCAT protein was purified first by nickel affinity

chromatography and ion exchange chromatography. TEV protease was used to remove the

His6 tag (SEQ ID NO: 169). LCAT was then further purified with size exclusion

chromatography and ion exchange chromatography. The sequence of the resulting LCAT

molecule used in the crystallization is set forth in SEQ ID NO: 161

FWLFDVLFPPHTTPKAELSNHTRPVILVPGCLGNQLEAKLDKPDVVNWMCYRKTEDFFTIWL
DLNMFLPLGVDCWIDNTRVVYNRSSGLVSNAPGVQIRVPGFGKTYSVEYLDSSKLAGYLHTL
VQNLVNNGYVRDETVRAAPYDWRLEPGQQEEYYRKLAGLVEEMHAAYGKPVFLIGHSLGCLH
LLYFLLRQPQAWKDRFIDGFISLGAPWGGSIKPMLVLASGDNQGIPIMSSIKLKEEQRITTT
SPWMFPSRMAWPEDHVFISTPSFNYTGRDFQRFFADLHFEEGWYMWLQSRDLLAGLPAPGVE
VYCLYGVGLPTPRTYIYDHGFPYTDPVGVLYEDGDDTVATRSTELCGLWQGRQPQPVHLLPL
HGIQHLNMVFSNLTLEHINAILLGAYRQGPPASPTASPEPPPPEENLYFQ (SEQ ID
NO: 161)

[00712] The 22A9 Fab fragment was expressed in E. coli. This protein was purified by

streptavidin affinity chromatography, size exclusion chromatography and ion exchange

chromatography. The 22A9 Fab is an inhibitory Fab and served as a "tool Fab" that was useful

in promoting crystal formation. The 22A9 Fab light chain sequence and heavy chain sequences

are set forth in SEQ ID NOs: 162 and 163, respectively.

antiLCAT 22A9 Fab light chain
SYELTQPPSVSVSPGQTASITCSGDKLGNKFTSWYQRKPGQSPVLVIYQDTKRPSGIPERFSGS
TSGNTATLTISGTQAMDEADYYCQAWDSSTAWVFGGGTKLEVLGQPKAAPSVTLFPPSSEELQA
NKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSY
SCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 162)

antiLCAT 22A9 Fab heavy chain
QVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVIWYDGSNKFYEDSV
KGRFTISRDNSKNTLYLQMDSLRAEDTAVYYCAREGAAVRSFYYSYYGMDVWGQGTTVTVSSAS
TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSHS
SVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCAAAENLYFQ (SEQ ID NO: 163)

[00713] The 27C3 Fab was expressed in 293-6E cells on a caspase cleavable IgGl

scaffold. Following caspase cleavage, the Fab fragment was purified by MAb select and nickel

affinity chromatography. Further purification was performed with size exclusion

chromatography and ion exchange chromatography.



Complex Formation and Crystallization

[00714] The LCAT/22A9 Fab complex was made by mixing a molar excess of 22A9 Fab

with LCAT. The complex was separated from excess 22A9 Fab by purification on a size

exclusion chromatography column. The LCAT/27C3 Fab/22A9 Fab complex was made by

mixing a molar excess of 27C3 Fab with LCAT/22A9 Fab complex. The ternary complex was

separated from excess 27C3 Fab by purification on a size exclusion chromatography column.

The LCAT/27C3 Fab/22A9 Fab complex crystallizes in 0.1 M Hepes pH 7, 5% PEG 20000.

Data Collection and Structure Determination

[00715] The highest resolution dataset for the LCAT/27C3 Fab/22A9 Fab crystal was

collected at the Berkeley ALS on beamline 5.0.2. and processed with imosflm/scala (CCP4,

The CCP4 suite: programs for protein crystallography. Acta Crystallogr D Biol Crystallogr,

1994. 50(Pt 5): p . 760-3).

[00716] LCAT/27C3 Fab/22A9 Fab crystals grow in the P212121 space group with unit

cell dimensions a=57, b=127, c=256 A with one complex per asymmetric unit, and diffract up

to 2.5 A resolution. The LCAT/27C3 Fab/22A9 Fab structure was solved by molecular

replacement with Phaser (CCP4, The CCP4 suite: programs for protein crystallography. Acta

Crystallogr D Biol Crystallogr, 1994. 50(Pt 5): p. 760-3) using LCAT, 22A9 variable domain,

27C3 variable domain, 22A9 constant domain, 27C3 constant domain as the search models in

sequence. The complete structure was improved with multiple rounds of model building with

Quanta and refinement with cnx (Brunger, A.T., et al, Crystallography & NMR system: A new

software suite for macromolecular structure determination. Acta Crystallogr D Biol

Crystallogr, 1998. 54(Pt 5): p. 905-21).

[00717] Interaction interface amino acids were determined as being all amino acid

residues with at least one atom less than or equal to 5 A from the LCAT partner protein. 5 A

was chosen as the cutoff distance to allow for atoms within a van der Waals

radius plus a possible water-mediated hydrogen bond. Amino acids that met these distance

criteria were calculated with the program PyMOL (DeLano, W.L., The PyMOL Molecular

Graphics System. 2002: Palo Alto).

Results

[00718] Ternary complexes with LCAT/27C3 Fab and an additional tool Fab were

required for crystallization. The complex between LCAT and the Fabs of 27C3 and 22A9 (tool

Fab) was formed and purified. Protein crystals of the LCAT/27C3 Fab /22A9 Fab complex



were grown. The crystal structure of this complex was determined at 2.5 A resolution. This

structure shows that 27C3 and 22A9 bind to opposing sides of the LCAT protein.

LCAT Interacting Amino Acids

[00719] LCAT amino acid residues of the interaction interface with 27C3 were defined

as LCAT residues that are within 5 A of the 27C3 protein. The amino acid residues of human

LCAT (SEQ ID NO:l) satisfying this criterion include the following:

[00720] S255, R256, M257, A258, W259, P260, Y315, V317, G318, L319, P320, T321,

Y341, E342, D343, T350, R351, E354, L355, C356, G357, L358, Q360, R362, V367, H368,

L369, P371. H373 and G374

27C3 Interacting Amino Acids

[00721] 27C3 amino acid residues of the interaction interface with LCAT were defined

as 27C3 residues that are within 5 A of the LCAT protein. The amino acid residues are listed

below.

[00722] 27C3 variable heavy domain (SEQ ID O:45 ) : S30, S31, G32, G33, Y52, Y54,

Y55, S56, G57, S58, T59, Y60, Y61, K66, C104, S105, S106, T107, S108, C109

[00723] 27C3 variable light domain (SEQ ID NO:76 ) : Y30, R90, D91, N92, 193, G94,

N95

EXAMPLE 10

Determination of Epitope for Antibody 18E5 by X-ray Crystallography

[00724] Experiments were also undertaken to determine the three dimensional X-ray

crystal structure of a Fab fragment from a second activating antibody, 18E5, to determine the

specific amino acid residues or this antibody which are involved at the interface with LCAT

and to evaluate how these interactions compare with those identified as being involved in the

binding of 27C3 (see Example 9).

Methods

Expression and Purification of Protein Samples

[00725] Human LCAT (C31Y LCAT) was expressed in 293F cells in the presence of 5

µΜ kifunensine with a C-terminal His6 tag (SEQ ID NO: 169). The LCAT protein was

purified first by nickel affinity chromatography and ion exchange chromatography. Endo H

treatment was used to deglycosylate the protein. TEV protease was used to remove the His6 tag



(SEQ ID NO: 169). LCAT was then further purified with size exclusion chromatography and

ion exchange chromatography. The sequence of the resulting LCAT molecule used in the

crystallization is set forth in SEQ ID NO: 164

FWLLNVLFPPHTTPKAELSNHTRPVILVPGYLGNQLEAKLDKPDVVNWMCYRKTEDFFTIWL
DLNMFLPLGVDCWIDNTRVVYNRSSGLVSNAPGVQIRVPGFGKTYSVEYLDSSKLAGYLHTL
VQNLVNNGYVRDETVRAAPYDWRLEPGQQEEYYRKLAGLVEEMHAAYGKPVFLIGHSLGCLH
LLYFLLRQPQAWKDRFIDGFISLGAPWGGSIKPMLVLASGDNQGIPIMSSIKLKEEQRITTT
SPWMFPSRMAWPEDHVFISTPSFNYTGRDFQRFFADLHFEEGWYMWLQSRDLLAGLPAPGVE
VYCLYGVGLPTPRTYIYDHGFPYTDPVGVLYEDGDDTVATRSTELCGLWQGRQPQPVHLLPL
HGIQHLNMVFSNLTLEHINAILLGAYRQGPPASPTASPEPPPPEENLYFQ (SEQ ID
NO: 164)

[00726] The 25B7 Fab fragment was expressed in E. coli. This protein was purified by

nickel affinity chromatography, size exclusion chromatography and ion exchange

chromatography. Inclusion of this inhibitor Fab as a "tool Fab" promoted crystal formation.

The 25B7 Fab light chain sequence and heavy chain sequences are set forth in SEQ ID NOs:

165 and 166, respectively

antiLCAT 25B7 Fab light chain
SYEVTQPPSVSVSPGQTASITCSGDKLGDKNACWYQQRPGQSPVLVIYQNSKRPSGIPERFSGS
NSGNTATLTISGTQAMDEADYYCQAWDSSTVFGGGTRLEVLGQPKAAPSVTLFPPSSEELQANK
ATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSC
QVTHEGSTVEKTVAPTECS (SEQ ID NO: 165)

antiLCAT 25B7 Fab heavy chain
EVQLLESGGGLVQPGGSLRLSCAASGFTFRSYAMNWVRQAPGKGLEWVSTISGSGGSTHYADSV
KGRFTISRDNSKNTLYLQLSSLRAEDTAVYYCAKGIAAADYYYYYGMDVWGQGTTVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSHSSV
VTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS CAAAENLYFQ (SEQ ID NO: 166)

[00727] The 18E5 Fab was expressed in 293 -6E cells on a caspase cleavable IgGl

scaffold. Following caspase cleavage, the Fab fragment was purified by MAb select affinity

chromatography. Further purification was performed with size exclusion chromatography and

ion exchange chromatography.

Complex Formation and Crystallization

[00728] The LCAT/18E5 Fab complex was made by mixing a molar excess of 18E5 Fab

with LCAT. The complex was separated from excess 18E5 Fab by purification on a size

exclusion chromatography column. The LCAT/18E5 Fab/25B7 Fab complex was made by

mixing a molar excess of 25B7 Fab with LCAT/18E5 Fab complex. The ternary complex was

separated from excess 25B7 Fab by purification on a size exclusion chromatography column.



The LCAT/18E5 Fab/25B7 Fab complex crystallizes in 0.1 M sodium acetate pH 4.6, 24%

PEG 600.

Data Collection and Structure Determination

[00729] The dataset for the LCAT/18E5 Fab/25B7 Fab crystal was collected at the APS

at Argonne National Lab on beamline 2 1IDF and processed with imosflm/scala (CCP4, The

CCP4 suite: programs for protein crystallography. Acta Crystallogr D Biol Crystallogr, 1994.

50(Pt 5): p. 760-3).

[00730] LCAT/18E5 Fab/25B7 Fab crystals grow in the P2i space group with unit cell

dimensions a=53.45, b=270.67, c=l 11.29 A, and β=92.22 with two complexes per asymmetric

unit, and diffract up to 2.75 A resolution. The LCAT/18E5 Fab/25B7 Fab structure was solved

by molecular replacement with Phaser(CCP4, The CCP4 suite: programs for protein

crystallography. Acta Crystallogr D Biol Crystallogr, 1994. 50(Pt 5): p . 760-3) using 2 each of

LCAT, 25B7 variable domain, 18E5 variable domain, 25B7 constant domain, 18E5 constant

domain as the search models in sequence. The complete structure was improved with multiple

rounds of model building with Quanta and refinement with cnx (Brunger, A.T., et al,

Crystallography & NMR system: A new software suite for macromolecular structure

determination. Acta Crystallogr D Biol Crystallogr, 1998. 54(Pt 5): p . 905-21).

[00731] Interaction interface amino acids were determined as being all amino acid

residues with at least one atom less than or equal to 5 A from the LCAT partner protein. 5 A

was chosen as the cutoff distance to allow for atoms within a van der Waals radius plus a

possible water-mediated hydrogen bond. Amino acids that met these distance criteria were

calculated with the program PyMOL (DeLano, W.L., The PyMOL Molecular Graphics System.

2002: Palo Alto).

Results

[00732] Ternary complexes with LCAT/18E5 Fab and an additional tool Fab were used

for crystallization. The complex between LCAT and the Fabs of 18E5 and 25B7 (tool Fab) was

formed and purified. Protein crystals of the LCAT/18E5 Fab /25B7 Fab complex were grown.

The crystal structure of this complex was determined at 2.75 A resolution. This structure

shows that 18E5 and 25B7 bind to opposing sides of the LCAT protein.



LCAT Interacting Amino Acids

[00733] LCAT amino acid residues of the interaction interface with 18E5 were defined

as LCAT residues that are within 5 A of the 18E5 protein. The amino acid residues of human

LCAT (SEQ ID NO:l) satisfying this criterion include the following:

[00734] Y315, V317, D343, T350, R351, E354, G357, Q360, G361, Q365, P366, V367,

H368, L369, L370, P371, L372, H373, 1375, L385, E388, H389, A392, L395, G396, A397,

Y398, R399

18E5 Interacting Amino Acids

[00735] 18E5 amino acid residues of the interaction interface with LCAT were defined

as 18E5 residues that are within 5 A of the LCAT protein. The amino acid residues are listed

below:

[00736] 18E5 variable heavy domain (SEQ ID NO:75): Y33, W50, N52, N54, S55,

G57, T58, N59, Y60, Q62, Q65, W101, E102, Y104

[00737] 18E5 variable light domain (SEQ ID NO:80 ) : El, 12, Q27, V29, S30, G31,

Y33, Y92, G93, G94, S95, P97

EXAMPLE 11

Determination of LCAT Antibody Complex Contact Residues through

Solvent Accessible Surface Area Differences

[00738] The residue contacts in the paratope (the portion of the antibody that recognizes

the antigen) and the portion of the antigen that is bound by the paratope in a complex between

the 27C3 Fab or 18E5 Fab and human LCAT (see Examples 9 and 10) were determined using

solvent accessable surface area differences. The solvent accessible surface area calculations

were performed using Molecular Operating Environment (Chemical Computing Group,

Montreal, Quebec).

27C3 Results

[00739] The solvent accessible surface area differences of the paratope residues in the

27C3 Fab complex were calculated by setting the 27C3 Fab residues as the desired set. The

structural information obtained in Example 9 for the 27C3 Fab-LCAT complex was used and



the residue solvent accessible surface area of the amino acid residues of the 27C3 Fab in the

presence of human LCAT were calculated and represent the "bound areas" for the set.

[00740] The residue solvent accessible surface area of each of the 27C3 Fab residues in

the absence of the LCAT antigen were calculated and represent the "free areas" of the set.

[00741] The "bound areas" were then subtracted from the "free areas" resulting in the

"solvent exposed surface area difference" for each residue in the set. The 27C3 Fab residues

that had no change in surface area, or a zero difference, had no contact with the residues of the

LCAT antigen when complexed. The 27C3 Fab residues that had a difference value >10 A2

were considered to be in significant contact with residues in the LCAT antigen such that these

27C3 residues were at least partially to completely occluded when the 27C3 Fab was bound to

human LCAT. This set of 27C3 Fab residues make up the "covered patch", the residues

involved in the structure of the interface when the 27C3 Fab is bound to human LCAT.

[00742] The residues of the 27C3 Fab at the interface as determined using this approach

include the following:

[00743] 27C3 variable heavy domain (SEQ ID NO:45): S30, S31, G32, G33, Y52, 153,

Y54, Y55, S56, G57, S58, T59, Y60, Y61, K66, T70, 171, S72, V73, G102, C104, S105, S106,

T107, S108, C109, SI 10 and Ril l

[00744] 27C3 variable light domain (SEQ ID NO:76): S28, Y29, R89, D90, N91, 192,

G93 and 94

[00745] The residues identified as being in the paratope based upon this method are very

similar to those identified as described in Example 9.

[00746] The solvent accessible surface area differences of the portion of human LCAT

bound by the paratope of the 27C3 Fab were also calculated. This was done by setting the

LCAT residues as the desired set. The structural information obtained in Example 9 for the

27C3 Fab-LCAT complex was used and the residue solvent accessible surface area of the

amino acid residues of LCAT in the presence of the 27C3 Fab were calculated and represent

the bound areas for the set. The residue solvent accessible surface area of each of the LCAT

residues in the absence of the 27C3 Fab were calculated and represent the free areas of the set.

[00747] As described above, the bound areas were subtracted from the free areas

resulting in the solvent exposed surface area difference for each LCAT residue. The LCAT

residues that had no change in surface area, or a zero difference, had no contact with the

residues of the 27C3 Fab when complexed. The LCAT residues that had a difference value >10

A2 were considered to be in significant contact with residues of the 27C3 Fab and these LCAT

residues were at least partially to completely occluded when the human LCAT was bound to



the 27C3 Fab. This set of LCAT residues make up the covered patch, the residues involved in

the structure of the interface when the human LCAT is bound to the 27C3 Fab.

[00748] The human LCAT residues (SEQ ID NO:l) determined to be at the interface

with the 27C3 Fab in this approach include the following: R256, M257, A258, P260, D262,

Y315, V317, G318, L319, P320, Y341, E342, D343, T350, R351, E354, L355, G357, L358,

Q360, G361, R362, P366, V367, H368, L369, P371, H373, G374 and H389.

[00749] The residues identified by this approach are very similar to those identified as

described in Example 9.

18E5 Results

[00750] The solvent accessible surface area differences of the paratope residues in the

18E5 Fab complex were calculated as described above for the 27C3 Fab, except that the 18E5

Fab residues were used as the desired set and the structural information as obtained in Example

10 for the 18E5 Fab-LCAT complex were used.

[00751] The residues of the 18E5 Fab at the interface as determined using this approach

include the following:

[00752] 18E5 heavy chain domain (SEQ ID NO:75): Y33, W50, N52, N54, S55, G57,

T58, N59, Y60, Q62, Q65, W101, E102 and Y104.

[00753] 18E5 light chain domain (SEQ ID NO:80): El, 12, Q27, S28, V29, S30, G31,

Y33, Y92, G93, G94, S95 and P97.

[00754] These results are consistent with those obtained in Example 10.

[00755] The solvent accessible surface area differences of the portion of human LCAT

bound by the paratope of the 18E5 Fab were also calculated as described above for the 27C3

Fab-LCAT complex, except that the structural information obtained in Example 10 for the

18E5 Fab-LCAT complex was used and the residue solvent accessible surface area of the

amino acid residues of LCAT in the presence of the 18E5 Fab were calculated and represent the

bound areas for the set. The residue solvent accessible surface area of each of the LCAT

residues in the absence of the 18E5 Fab were calculated and represent the free areas of the set.

[00756] The human LCAT (SEQ ID NO:l) residues determined to be at the interface

with the 18E5 Fab in this approach include the following: Y315, V317, E342, D343, T350,

R351, E354, G357, Q360, G361, P364, P366, V367, H368, L369, L370, P371, L372, H373,

L385, E388, H389, A392, L395, G396, A397, Y398 and R399.

[00757] The residues identified by this methodology compare well with those identified

according to the approach taken in Example 10.



EXAMPLE 12

Epitope Binding Comparison Between Agonist and Antagonist Anti-LCAT Antibodies as

Determined by X-ray Crystallography

[00758] The 18E5 binding site on LCAT overlaps with the 27C3 binding site on LCAT,

sharing about 13 amino acids. Both activating antibodies bind on the surface of LCAT behind

the D345 of the catalytic triad.

[00759] Amino acids to which both the 27C3 and 18E5 antibodies bind include: Y315,

V317, D343, T350, R351, E354, G357, Q360, V367, H368, L369, P371, and H373. These

residues thus appear to play an important role in binding for these agonist antibodies.

[00760] As mentioned above and as shown FIGS. 3A and 3B, the inhibitory Fab

fragments 22A9 and 25B7 bind on opposite sides of the LCAT protein and on opposite sides of

the catalytic triad, thus indicating that agonist and inhibitory antibodies bind distinct regions of

the protein.

[00761]

EXAMPLE 13

Antibody Mutants - Cross-Reactivity

[00762] To explore options for improving cyno LCAT binding while retaining or

improving human LCAT activity, standard directed metagenesis techniques were employed to

generate one or more mutations within CDR3 of the heavy chain of antibody 27C3 and/or one

or more mutations within CDR3 of the light chain of antibody 27C3.

[00763] TABLE 12 provides a summary of the different mutants tested and the resulting

activity and binding affinities. The different mutants are indicated in the form XPosition

numberY, where X is the amino acid that occurs at the listed position number in the variable

heavy chain or variable light chain, as applicable, of antibody 27C3 and Y is the amino acid

that is substituted for amino acid X. Thus, for instance, S13 IT means that threonine (T) has

been substituted for serine (S) at position 131. As shown in TABLE 13, the position number

for a mutation in the variable heavy chain can be expressed in two formats: (a) as determined

using a numbering system based on the AHo numbering convention, see reference above, and

(b) the actual position within the variable heavy chain or of antibody 27C3 as shown in SEQ ID

NO:45. Likewise, as shown in TABLE 14, the position number for a mutation in the variable



light chain also can be expressed in two formats: (a) as determined using a numbering system

based on the AHo numbering convention and (b) the actual position within the variable light

chain of antibody 27C3 as shown in SEQ ID NO:76.

[00764] Mutant forms of antibody 27C3 containing a mutation in the variable heavy

chain as just described are referred to in either the short hand form described above or

alternatively as 27C3(XPosition numberY), where X and Y have the meaning just described

above, and where the position number is determined using the numbering system referred to

above that is based on the AHo convention. If a mutant form of antibody 27C3 comprises

multiple mutations in the variable heavy chain, references to the mutations are separated by

commas. As an example, 27C3(S42A,M136I) refers to an antibody in which serine (S) at

position 42 (using the numbering system based on the AHo convention; corresponding to

position 37 of SEQ ID NO:45) of the variable heavy domain of 27C3 is replaced with alanine

(A) and the methionine (M) at position 136 (using the numbering system based on the AHo

convention; corresponding to position 113 of SEQ ID NO:45) of the variable heavy domain of

27C3 is replaced with isoleucine (I).

[00765] If a mutant form of antibody 27C3 comprises mutations in both the variable

heavy chain and the variable light chain, references to the mutation(s) in the variable light chain

follow references to the mutations(s) in the variable heavy chain, and are separated by a slash.

If there are multiple mutations in the variable light chain, references to the mutations are

separated by commas. As an example, 27C3(S42A,M136I/N107G,I1 12V) refers to an antibody

in which serine (S) at position 42 (using the numbering system based on the AHo convention;

corresponding to position 37 of SEQ ID NO:45) of the variable heavy domain of 27C3 is

replaced with alanine (A), methionine (M) at position 136 (using the numbering system based

on the AHo convention; corresponding to position 113 of SEQ ID NO:45) of the variable heavy

domain of 27C3 is replaced with isoleucine (I), asparagine (N) at position 107 (using the

numbering system based on the AHo convention; corresponding to position 88 of SEQ ID

NO:76) of the variable light domain of 27C3 is replaced with glycine (G) and isoleucine (I) at

position 112 (using the numbering system based on the AHo convention; corresponding to

position 93 of SEQ ID NO:76) is replaced with valine (V).



TABLE 12

LCAT Activity for Different Mutations of 27C3

TABLE 13

Location of Different Mutations of VH Domain of 27C3



Location of Mutation Location of Mutation
Antibody (using numbering (SEQ ID NO: )

Ref. system based on
AHo convention)

27C3(S42A) 42 37

27C3(S131T) 131 108

27C3(S133T) 133 110

27C3(V135I) 135 112

27C3(M136I) 136 113

TABLE 14

Location of Different Mutations of VL Domain of 27C3

Location of Mutation Location of Mutation
Antibody (using numbering (SEQ ID NO: )

Ref. system based on
AHo convention)

27C3 NA NA

27C3(N107G) 107 88

27C3(I1 12V) 112 93

EXAMPLE 14

Treatment of Atherosclerosis Using an LCAT Antigen Binding Protein

[00766] A human patient is diagnosed as having or being at risk for atherosclerosis. This

is done, for instance, by clinic assessment by a physician, and/or obtaining an atherogenic

lipoprotein profile. For example, a ratio of serum cholesterol to HDLs of 5 :1 or above indicates

a higher than average risk of developing atherosclerosis. Other factors include a serum

cholesterol level of 240 mg/dL or above, an HDL level 35 mg/dL or below, or an LDL level

190 mg/dL or above, a plasma LCAT protein level lower than normal (<5 µg/ml), and/or a

decreased plasma cholesterol esterification rate (<60 nmol/ml/hr).



[00767] The patient is administered an effective amount of an LCAT antigen binding

protein as described herein in combination with standard treatment, for instance, statins, and/or

with other therapeutics, for instance, PCSK9-antibodies. The LCAT antigen binding protein

continues to be administered to reach and maintain desired serum cholesterol levels, HDL

levels, LDL levels and/or LCAT levels. Significant increase in plasma level of LCAT enzyme

activity and/or HDL-C levels are found in response to administration of the LCAT antigen

binding protein.

[00768] All patents and other publications identified are expressly incorporated herein by

reference for the purpose of describing and disclosing, for example, the methodologies

described in such publications that might be used in connection with the described. These

publications are provided solely for their disclosure prior to the filing date of the present

application. Nothing in this regard should be construed as an admission that the inventors are

not entitled to antedate such disclosure by virtue of prior invention or for any other reason. All

statements as to the date or representation as to the contents of these documents is based on the

information available to the applicants and does not constitute any admission as to the

correctness of the dates or contents of these documents.



PARTIAL SEQUENCE LISTING

Human LCAT (GenBank Accession No. 4557892 ) (SEQ ID NO:l)

FWLLNVLFPPHTTPKAELSNHTRPVILVPGCLGNQLEAKLDKPDW
NWMCYRKTEDFFTIWLDLNMFLPLGVDCWIDNTRWYNRSSGLVSNAPGVQIRVPGFGKTYSVEYLDSSK
LAGYLHTLVQNLVNNGYVRDETVRAAPYDWRLEPGQQEEYYRKLAGLVEEMHAAYGKPVFLIGHSLGCLH
LLYFLLRQPQAWKDRFIDGFISLGAPWGGSIKPMLVLASGDNQGIPIMSSIKLKEEQRITTTSPWMFPSR
MAWPEDHVFISTPSFNYTGRDFQRFFADLHFEEGWYMWLQSRDLLAGLPAPGVEVYCLYGVGLPTPRTYI
YDHGFPYTDPVGVLYEDGDDTVATRSTELCGLWQGRQPQPVHLLPLHGIQHLNMVFSNLTLEHINAILLG
AYRQGPPAS PTASPEPPPPE

Human LCAT (GenBank Accession No. AAB34898) (SEQ ID NO :2)

FWLLNVLFPPHTTPKAELSNHTRPVILVPGCLGNQLEAKLDKPDWNWMCYRKTEDFFTIWLDLNMFLPLGVDCWIDN
TRVVYNRSSGLVSNAPGVQIRVPGFGKTYSVEYLDSSKLAGYLHTLVQNLVNNGYVRDETVRAAPYDWRLEPGQQEEY
YRKLAGLVEEMHAAYGKPVFLIGHSLGCLHLLYFLLRQPQAWKDRFIDGFISLGAPWGGSIKPMLVLASGDNQGIPIM
SSIKLKEEQRITTTSPWMFPSRMAWPEDHVFISTPSFNYTGRDFQRFFADLHFEEGWYMWLQSRDLLAGLPAPGVEVY
CLYGVGLPTPRTYIYDHGFPYTDPVGVLYEDGDDTVATRSTELCGLWQGRQPQPVHLLPLHGIQHLNMVFSNLTLEHI
NAILLGAYRQGPPAS PTASPEPPPPE

Cyno LCAT (SEQ ID NO :3)

FWLLNVLFPPHTTPKAELSNHTRPVILVPGCLGNQLEAKLDKPDW
NWMCYRKTEDFFTIWLDLNMFLPLGVDCWIDNTRWYNRSSGLVSNAPGVQIRVPGFGKTYSVEYLDSSK
LAGYLHTLVQNLVNNGYVRDETVRAAPYDWRLEPGQQEEYYHKLAGLVEEMHAAYGKPVFLIGHSLGCLH
LLYFLLRQPQAWKDRFIDGFISLGAPWGGSIKPMLVLASGDNQGIPIMSSIKLKEEQRITTTSPWMFPSR
MAWPEDHVFISTPSFNYTGRDFQRFFADLHFEEGWYMWLQSRDLLAGLPAPGVEVYCLYGVGLPTPRTYI
YDHGFPYTDPVDVLYEDGDDTVATRSTELCGLWQGRQPQPVHLLPLRGIQHLNMVFSNQTLEHINAILLG
AYRQGPPAS PTASPEPPPPE

Murine LCAT (GenBank Accession NP_032516) (SEQ ID NO :4)

FWLLNVLFPPHTTPKAELSNHTRPVILVPGCLGNRLEAKLDKPDW
NWMCYRKTEDFFTIWLDFNLFLPLGVDCWIDNTRIVYNHSSGRVSNAPGVQIRVPGFGKTESVEYVDDNK
LAGYLHTLVQNLVNNGYVRDETVRAAPYDWRLAPHQQDEYYKKLAGLVEEMYAAYGKPVFLIGHSLGCLH
VLHFLLRQPQSWKDHFIDGFISLGAPWGGSIKAMRILASGDNQGIPILSNIKLKEEQRITTTSPWMLPAP
HVWPEDHVFISTPNFNYTVQDFERFFTDLHFEEGWHMFLQSRDLLERLPAPGVEVYCLYGVGRPTPHTYI
YDHNFPYKDPVAALYEDGDDTVATRSTELCGQWQGRQSQPVHLLPMNETDHLNMVFSNKTLEHINAILLG
AYRTPKS PAASPSPPPPE

Rabbit LCAT (GenBank Accession No: NP_001075659) (SEQ ID NO :5)

FWLLNVLFPPHTTPKAELSNHTRPVILVPGCLGNQLEAKLDKPSW
NWMCYRKTEDFFTIWLDLNMFLPLGVDCWIDNTRWYNRSSGRVVISPGVQIRVPGFGKTYSVEYLDNNK
LAGYMHTLVQNLVNNGYVRDETVRAAPYDWRLEPSQQEEYYGKLAGLVEEMHAAYGKPVFLIGHSLGCLH
LLYFLLRQPQSWKDRFIDGFISLGAPWGGSIKPMLVLASGDNQGIPLMSSIKLREEQRITTTSPWMFPSQ
GVWPEDHVFISTPSFNYTGRDFKRFFEDLHFEEGWYMWLQSRDLLAGLPAPGVEVYCLYGIGLPTPHTYI
YDHGFPYTDPVGVLYEDGDDTVATSSTDLCGLWRGRQPQPVHLLPLHETEHLNMVFSNQTLEHINAILLG
AYRSGTPAS PTASPGSPPPE



CLAIMS

What is claimed:

1. An agonist antigen binding protein that specifically binds to a human LCAT

(lecithin:cholesterol acyltransferase) polypeptide.

2. The antigen binding protein of claim 1 that is a human antigen binding protein.

3. The antigen binding protein of claim 2 that is a human antibody.

4. The antigen binding protein of any one of claims 1 to 3 that binds a human LCAT

polypeptide consisting of SEQ ID NO: 1.

5. The antigen binding protein of any one of claims 1 to 4, wherein the antigen

binding protein has one or more of the following characteristics:

a) binds to the human LCAT polypeptide of SEQ ID NO: 1 with a K of less than

50 nM; and

b) binds to human LCAT with K of less than 50 nM and cyno LCAT with K of

less than 500 nM.

6. The antigen binding protein of any one of claims 1 to 5, wherein the antigen

binding protein comprises:

a. one or more heavy chain complementary determining regions (CDRHs) selected

from the group consisting of:

i . a CDRH1 selected from the group consisting of SEQ ID NO:81-92;

ii. a CDRH2 selected from the group consisting of SEQ ID NO: 93-94;

iii. a CDRH3 selected from the group consisting of SEQ ID NO: 95-1 11;

iv. a CDRH of (i), (ii) and (iii) that contains one or more amino acid

substitutions, deletions or insertions totaling no more than 4 amino acids;

b. one or more light chain complementary determining regions (CDRLs) selected

from the group consisting of:

i . a CDRL1 selected from the group consisting of SEQ ID NO: 112-113;

ii. a CDRL2 selected from the group consisting of SEQ ID NO: 114-115;

iii. a CDRL3 selected from the group consisting of SEQ ID NO: 116-120;

iv. a CDRL of (i), (ii) and (iii) that contains one or more amino acid

substitutions, deletions or insertions totaling no more than 4 amino acids;

or

c . one or more CDRHs or (a) and one or more CDRLs of (b).

7. The antigen binding protein of claim 6 that comprises a CDRH3 and a CDRL3.



8. The antigen binding protein of claim 7, wherein

a. the CDRH3 comprises SEQ ID NO: 95 and the CDRL3 comprises SEQ ID

NO: 116; or

b. the CDRH3 comprises SEQ ID NO: 111 and the CDRL3 comprises SEQ ID

NO: 120.

9. The isolated antigen binding protein of any one of claims 1 to 5, wherein said

antigen binding protein comprises:

a. a CDRH selected from the group consisting of

i . a CDRHl selected from the group consisting of SEQ ID NO:81-92;

ii. a CDRH2 selected from the group consisting of SEQ ID NO:93-94; and

iii. a CDRH3 selected from the group consisting of SEQ ID NO:95-l 11;

b. a CDRL selected from the group consisting of

i . a CDRL1 selected from the group consisting of SEQ ID NO: 112-113;

ii. a CDRL2 selected from the group consisting of SEQ ID NO: 114-115; and

iii. a CDRL3 selected from the group consisting of SEQ ID NO: 116-120 or

c . one or more CDRHs of a) and one or more CDRLs of b).

10. The antigen binding protein of claim 9, wherein the antigen binding protein

comprises

a. a CDRHl of SEQ ID NO:81, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO:95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 116;

b. a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO:95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 116;

c . a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO:99, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 116;

d. a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO: 102, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 116;

e. a CDRH 1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93 , a CDRH3 of SEQ ID

NO: 104, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 116;



f . a CDRH 1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93 , a CDRH3 of SEQ ID

NO: 108, a CDRL1 of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 116;

g. a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO:95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 117;

h. a CDRH1 of SEQ ID NO: 91, a CDRH2 of SEQ ID NO: 93, a CDRH3 of SEQ ID

NO:99, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 117;

i . a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO: 102, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 117;

j . a CDRHl of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO: 104, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 117;

k. a CDRH 1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93 , a CDRH3 of SEQ ID

NO: 108, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 117;

1. a CDRH 1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93 , a CDRH3 of SEQ ID

NO:95, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 ofSEQ ID NO:1 18;

m. a CDRH 1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93 , a CDRH3 of SEQ ID

NO:99, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 ofSEQ ID NO:1 18;

n. a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO: 102, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 ofSEQ ID NO:1 18;

o. a CDRH 1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93 , a CDRH3 of SEQ ID

NO: 104, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 ofSEQ ID NO:1 18;

p. a CDRH 1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93 , a CDRH3 of SEQ ID

NO: 108, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 ofSEQ ID NO:1 18;



q. a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO:95, a CDRL1 of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 119;

r. a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO:99, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 119;

s . a CDRH1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93, a CDRH3 of SEQ ID

NO: 102, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 119;

t . a CDRH 1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93 , a CDRH3 of SEQ ID

NO: 104, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 119;

u. a CDRH 1 of SEQ ID NO:91, a CDRH2 of SEQ ID NO:93 , a CDRH3 of SEQ ID

NO: 108, a CDRLl of SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a

CDRL3 of SEQ ID NO: 119; or

v. a CDRH1 of SEQ ID NO:92, a CDRH2 of SEQ ID NO: 94, a CDRH3 of SEQ ID

NO: 111, a CDRLl of SEQ ID NO: 113, a CDRL2 of SEQ ID NO: 115, and a

CDRL3 of SEQ ID NO: 120.

11. The antigen binding protein of any one of claims 1 to 5, wherein said antigen

binding protein comprises a heavy chain variable region (VH) and/or a light chain variable region

(VL), wherein

a. the VH has at least 90% sequence identity with the amino acid sequence selected

from the group consisting of SEQ ID NO:45-75; and

b. the VL has at least 90% sequence identity with the amino acid sequence selected

from the group consisting of SEQ ID NO:76-80.

12. The antigen binding protein of claim 11, wherein said antigen binding protein

comprises a heavy chain variable region (VH) and/or a light chain variable region (VL), wherein

a. the VH has at least 90% sequence identity with the amino acid sequence of SEQ

ID NO:45 and the VL has at least 90% sequence identity with the amino acid

sequence of SEQ ID NO:76; or

b. the VH has at least 90% sequence identity with the amino acid sequence of SEQ

ID NO:75 and the VL has at least 90% sequence identity with the amino acid

sequence of SEQ ID NO:80.



13. The antigen binding protein of claim 11, wherein said antigen binding protein

comprises a heavy chain variable region (VH) and a light chain variable region (VL), wherein

a. the VH comprises the amino acid sequence of SEQ ID NO:45 and the VL

comprises the amino acid sequence of SEQ ID NO:76;

b. the VH comprises the amino acid sequence of SEQ ID NO:55 and the VL

comprises the amino acid sequence of SEQ ID NO:76;

c . the VH comprises the amino acid sequence of SEQ ID NO:63 and the VL

comprises the amino acid sequence of SEQ ID NO:76;

d. the VH comprises the amino acid sequence of SEQ ID NO:66 and the VL

comprises the amino acid sequence of SEQ ID NO:76;

e. the VH comprises the amino acid sequence of SEQ ID NO:68 and the VL

comprises the amino acid sequence of SEQ ID NO:76;

f . the VH comprises the amino acid sequence of SEQ ID NO:72 and the VL

comprises the amino acid sequence of SEQ ID NO:76;

g. the VH comprises the amino acid sequence of SEQ ID NO:55 and the VL

comprises the amino acid sequence of SEQ ID NO:77;

h. the VH comprises the amino acid sequence of SEQ ID NO:63 and the VL

comprises the amino acid sequence of SEQ ID NO:77;

i . the VH comprises the amino acid sequence of SEQ ID NO:66 and the VL

comprises the amino acid sequence of SEQ ID NO:77;

j . the VH comprises the amino acid sequence of SEQ ID NO:68 and the VL

comprises the amino acid sequence of SEQ ID NO:77;

k. the VH comprises the amino acid sequence of SEQ ID NO:72 and the VL

comprises the amino acid sequence of SEQ ID NO:77;

1. the VH comprises the amino acid sequence of SEQ ID NO:55 and the VL

comprises the amino acid sequence of SEQ ID NO:78;

m. the VH comprises the amino acid sequence of SEQ ID NO:63 and the VL

comprises the amino acid sequence of SEQ ID NO:78;

n. the VH comprises the amino acid sequence of SEQ ID NO:66 and the VL

comprises the amino acid sequence of SEQ ID NO:78;

o. the VH comprises the amino acid sequence of SEQ ID NO:68 and the VL

comprises the amino acid sequence of SEQ ID NO:78;

p. the VH comprises the amino acid sequence of SEQ ID NO:72 and the VL

comprises the amino acid sequence of SEQ ID NO:78;



q. the VH comprises the amino acid sequence of SEQ ID NO:55 and the VL

comprises the amino acid sequence of SEQ ID NO:79;

r. the VH comprises the amino acid sequence of SEQ ID NO:63 and the VL

comprises the amino acid sequence of SEQ ID NO:79;

s . the VH comprises the amino acid sequence of SEQ ID NO:66 and the VL

comprises the amino acid sequence of SEQ ID NO:79;

t . the VH comprises the amino acid sequence of SEQ ID NO:68 and the VL

comprises the amino acid sequence of SEQ ID NO:79;

u. the VH comprises the amino acid sequence of SEQ ID NO:72 and the VL

comprises the amino acid sequence of SEQ ID NO:79; or

v. the VH comprises the amino acid sequence of SEQ ID NO:75 and the VL

comprises the amino acid sequence of SEQ ID NO:80.

14. The antigen binding protein of any one of claims 1 to 5, wherein the antigen

binding protein comprises a heavy chain (HC) and a light chain (LC), wherein

a. the HC has at least 90% sequence identity with the amino acid sequence of SEQ

ID NO:9 and the LC has at least 90% sequence identity with the amino acid

sequence of SEQ ID NO:40; or

b. the HC has at least 90% sequence identity with the amino acid sequence of SEQ

ID NO:39 and the LC has at least 90% sequence identity with the amino acid

sequence of SEQ ID NO:44.

15. The antigen binding protein of claim 14, wherein

a. the HC comprises the amino acid sequence of SEQ ID NO:9 and the LC

comprises the amino acid sequence of SEQ ID NO:40;

b. the HC comprises the amino acid sequence of SEQ ID NO: 19 and the LC

comprises the amino acid sequence of SEQ ID NO:40;

c. the HC comprises the amino acid sequence of SEQ ID NO:27 and the LC

comprises the amino acid sequence of SEQ ID NO:40;

d. the HC comprises the amino acid sequence of SEQ ID NO:30 and the LC

comprises the amino acid sequence of SEQ ID NO:40;

e. the HC comprises the amino acid sequence of SEQ ID NO:32 and the LC

comprises the amino acid sequence of SEQ ID NO:40;

f . the HC comprises the amino acid sequence of SEQ ID NO:36 and the LC

comprises the amino acid sequence of SEQ ID NO:40;



g. the HC comprises the amino acid sequence of SEQ ID NO: 19 and the LC

comprises the amino acid sequence of SEQ ID NO:41;

h. the HC comprises the amino acid sequence of SEQ ID NO:27 and the LC

comprises the amino acid sequence of SEQ ID NO:41;

i . the HC comprises the amino acid sequence of SEQ ID NO:30 and the LC

comprises the amino acid sequence of SEQ ID NO:41;

j . the HC comprises the amino acid sequence of SEQ ID NO:32 and the LC

comprises the amino acid sequence of SEQ ID NO:41;

k. the HC comprises the amino acid sequence of SEQ ID NO:36 and the LC

comprises the amino acid sequence of SEQ ID NO:41;

1. the HC comprises the amino acid sequence of SEQ ID NO: 19 and the LC

comprises the amino acid sequence of SEQ ID NO:42;

m. the HC comprises the amino acid sequence of SEQ ID NO:27 and the LC

comprises the amino acid sequence of SEQ ID NO:42;

n. the HC comprises the amino acid sequence of SEQ ID NO:30 and the LC

comprises the amino acid sequence of SEQ ID NO:42;

o. the HC comprises the amino acid sequence of SEQ ID NO:32 and the LC

comprises the amino acid sequence of SEQ ID NO:42;

p. the HC comprises the amino acid sequence of SEQ ID NO:36 and the LC

comprises the amino acid sequence of SEQ ID NO:42;

q. the HC comprises the amino acid sequence of SEQ ID NO: 19 and the LC

comprises the amino acid sequence of SEQ ID NO:43;

r. the HC comprises the amino acid sequence of SEQ ID NO:27 and the LC

comprises the amino acid sequence of SEQ ID NO:43;

s . the HC comprises the amino acid sequence of SEQ ID NO:30 and the LC

comprises the amino acid sequence of SEQ ID NO:43;

t . the HC comprises the amino acid sequence of SEQ ID NO:32 and the LC

comprises the amino acid sequence of SEQ ID NO:43;

u. the HC comprises the amino acid sequence of SEQ ID NO:36 and the LC

comprises the amino acid sequence of SEQ ID NO:43; or

v. the HC has comprises the amino acid sequence of SEQ ID NO:39 and the LC

comprises the amino acid sequence of SEQ ID NO:44.

16. An antigen binding protein that competes with the antigen binding protein of any

one of claims 1 to 15 for binding to a human LCAT polypeptide of SEQ ID NO:1.



17. The antigen binding protein of claim 16, that

a. competes with an antigen binding protein comprising: a CDRH1 of SEQ ID

NO:81, a CDRH2 of SEQ ID NO:93 a CDRH3 of SEQ ID NO:95, a CDRL1 of

SEQ ID NO: 112, a CDRL2 of SEQ ID NO: 114, and a CDRL3 of SEQ ID

NO:1 16;

b. competes with an antigen binding protein comprising: a CDRHl of SEQ ID

NO:92, a CDRH2 of SEQ ID NO:94, a CDRH3 of SEQ ID NO:111, a CDRL 1 of

SEQ ID NO: 113, a CDRL2 of SEQ ID NO: 115, and a CDRL3 of SEQ ID

NO: 120;

c . competes with an antigen binding protein comprising a VH of SEQ ID NO:45 and

a VL ofSEQ ID NO:76; or

d. competes with an antigen binding protein comprising a VH of SEQ ID NO:75 and

a VL of SEQ ID NO:80.

18. The antigen binding protein of any one of claims 1 to 5 that binds to amino acids

located within a region of an LCAT polypeptide consisting of SEQ ID NO:l, wherein the region

is from amino acid 255 to amino acid 389 of SEQ ID NO:l, inclusive.

19. The antigen binding protein of claim 18 that binds to amino acids located within a

region of an LCAT polypeptide consisting of SEQ ID NO:l, wherein the region is from amino

acid 255 to amino acid 374 of SEQ ID NO:l, inclusive.

20. The antigen binding protein of claim 19 that binds to amino acids within one or

more of the following regions:

a. the region from amino acid 255 to amino acid 262 of SEQ ID NO:l, inclusive;

b. the region from amino acid 315 to amino acid 321 of SEQ ID NO:l, inclusive;

and

c. the region from amino acid 341 to amino acid 374 of SEQ ID NO:l, inclusive.

2 1. The antigen binding protein of claim 20 that binds to amino acids with regions (a),

(b) and (c).

22. The antigen binding protein of claim 19 that binds to amino acids within one or

more of the following regions:

a. the region from amino acid 255 to amino acid 262 of SEQ ID NO:l, inclusive;

b. the region from amino acid 315 to amino acid 321 of SEQ ID NO:l, inclusive;

c. the region from amino acid 341 to amino acid 343 of SEQ ID NO:l, inclusive;

and

d. the region from amino acid 350 to amino acid 374 of SEQ ID NO:l, inclusive.



23. The antigen binding protein of claim 22 that binds to amino acids within regions

(a), (b) . (c)and (d).

24. The antigen binding protein of claim 18 that binds to at least 12 of the amino acids

selected from the group consisting of S255, R256, M257, A258, W259, P260, Y315, V317,

G318, L319, P320, T321, Y341, E342, D343, T350, R351, E354, L355, C356, G357, L358,

Q360, R362, V367, H368, L369, P371, H373 and G374 of SEQ ID NO:l.

25. The antigen binding protein of claim 24 that binds to amino acids S255, R256,

M257, A258, W259, P260, Y315, V317, G318, L319, P320, T321, Y341, E342, D343, T350,

R351, E354, L355, C356, G357, L358, Q360, R362, V367, H368, L369, P371, H373, and G374

of SEQ ID NO:l.

26. The antigen binding protein of claim 18 that binds to at least 15 of the amino acids

selected from the group consisting of amino acids R256, M257, A258, P260, D262, Y315,

V317, G318, L319, P320, Y341, E342, D343, T350, R351, E354, L355, G357, L358, Q360,

G361, R362, P366, V367, H368, L369, P371, H373, G374 and H389 of SEQ ID NO:l.

27. The antigen binding protein of claim 26 that binds to amino acids R256, M257,

A258, P260, D262, Y315, V317, G318, L319, P320, Y341, E342, D343, T350, R351, E354,

L355, G357, L358, Q360, G361, R362, P366, V367, H368, L369, P371, H373, G374 and H389

of SEQ ID NO:l.

28. The antigen binding protein of any one of claims 1 to 5 that binds to amino acids

located within a region of an LCAT polypeptide consisting of SEQ ID NO:l, wherein

a. the region is from amino acid 315 to amino acid 399, inclusive, or

b. the region is from amino acid 343 to amino acid 399, inclusive.

29. The antigen binding protein of claim 28 that binds to amino acids within one or

more of the following regions:

a. the region from amino acid 350 to amino acid 375 of SEQ ID NO:l, inclusive;

b. the region from amino acid 385 to amino acid 399 of SEQ ID NO:l, inclusive.

30. The antigen binding protein of claim 29 that binds to amino acids within regions

(a) and (b).

31. The antigen binding protein of claim 28 that binds to amino acids within one or

more of the following regions:

a. the region from amino acid 315 to amino acid 317 of SEQ ID NO:l, inclusive;

b. the region from amino acid 350 to amino acid 375 of SEQ ID NO:l, inclusive;

and

c. the region from amino acid 385 to amino acid 399 of SEQ ID NO:l, inclusive.



32. The antigen binding protein of claim 31 that binds to amino acids within regions

(a), (b) and (c).

33. The antigen binding protein of claim 28 that binds to at least 12 of the amino acids

selected from the group consisting of Y315, V317, D343, T350, R351, E354, G357, Q360, G361,

Q365, P366, V367, H368, L369, L370, P371, L372, H373, 1375, L385, E388, H389, A392,

L395, G396, A397, Y398 and R399 of SEQ ID NO:l.

34. The antigen binding protein of claim 33 that binds to amino acids Y3 15, V3 17,

D343, T350, R351, E354, G357, Q360, G361, Q365, P366, V367, H368, L369, L370, P371,

L372, H373, 1375, L385, E388, H389, A392, L395, G396, A397, Y398 and R399 of SEQ ID

NO:l.

35. The antigen binding protein of claim 28 that binds to at least 12 of the amino acids

selected from the group consisting of Y315, V317, E342, D343, T350, R351, E354, G357, Q360,

G361, P364, P366, V367, H368, L369, L370, P371, L372, H373, L385, E388, H389, A392,

L395, G396, A397, Y398 and R399 of SEQ ID NO:l.

36. The antigen binding protein of claim 35 that binds to amino acids Y3 15, V3 17,

E342, D343, T350, R351, E354, G357, Q360, G361, P364, P366, V367, H368, L369, L370,

P371, L372, H373, L385, E388, H389, A392, L395, G396, A397, Y398 and R399 of SEQ ID

NO:l.

37. The antigen binding protein of any one of claims 1 to 5 that binds to an epitope,

wherein the epitope is located within

a. amino acid 255 to amino acid 389 of SEQ ID NO:l;

b. amino acids 3 15 to amino acid 399 of SEQ ID NO:l; or

c. amino acids 342 to amino acid 399 of SEQ ID NO:l.

38. The antigen binding protein of claim 37, wherein the epitope is a conformational

and/or discontinuous epitope.

39. The antigen binding protein of any one of claims 1 to 37, wherein the antigen

binding protein has one or more of the following characteristics:

a. is a monoclonal antibody, a human antibody, a humanized antibody, a chimeric

antibody, or a multispecific antibody;

b. is of the IgGl, IgG2, IgG3, or the IgG4 type;

c. is a Fab fragment, a Fab' fragment, a F(ab')2 fragment, or an Fv fragment;

d. is a diabody, a single chain antibody, a domain antibody, or a nanobody;

e. is derived from a mammalian source selected from mouse, rat, camelid or rabbit;

or



f . is labeled.

40. A pharmaceutical composition comprising at least one antigen binding protein

according to any one of claims 1 to 39.

4 1. The pharmaceutical composition of claim 40 further comprising a further active

agent selected from the group consisting of an agent used to treat cardiovascular disease, an agent

used to treat cholesterol-related disorders, an agent used to treat atherosclerosis, an anti

inflammatory agent, an anti-thrombosis agent, an anti-diabetic agent and a cytokine.

42. A nucleic acid molecule encoding the antigen binding protein of any one of claims

1 to 39.

43. A vector comprising the nucleic acid of claim 42.

44. A host cell comprising the nucleic acid of claim 42 or the vector of claim 43 .

45. A method of making the antigen binding protein according to any one of claims 1

to 39, the method comprising preparing the antigen binding protein from a host cell that secretes

the antigen binding protein.

46. The antigen binding protein of any one of claims 1 to 39 or the pharmaceutical

composition of claims 40 or 4 1 for use in therapy.

47. The antigen binding protein of any one of claims 1 to 39 or the pharmaceutical

composition of claims 40 or 4 1 for use in decreasing the cholesterol level in a subject or

increasing HDL-C serum levels in a subject.

48. The antigen binding protein of any one of claims 1 to 39 or the pharmaceutical

composition of claims 40 or 4 1 for use in treating or preventing a condition selected from the

group consisting of a cholesterol-related disorder, a cardiovascular disease, an inflammatory

condition, a thrombosis-related condition, a blood disorder, anemia, chronic kidney disease and a

condition associated with LCAT deficiency.

49. The antigen binding protein of any one of claims 1 to 39 or the pharmaceutical

composition of claims 40 or 4 1 for use according to any one of claims 46 to 48, wherein

a. the cardiovascular disease or cholesterol related disorder is selected from the

group consisting of arteriosclerosis, atherosclerosis, stroke, ischemia, peripheral

vascular disease, coronary artery disease, coronary heart disease, myocardial

infarction, high blood pressure, hypercholerolemia, metabolic syndrome,

dyslipidemia, diabetes, insulin-resistance and Alzheimer's disease;

b. the inflammatory disease is selected from the group consisting of arthritis, sepsis,

septic shock, asthma, a chronic pulmonary inflammatory disease, lupus and an

inflammatory bowel disease; and



c . the thrombosis related condition is selected from the group consisting of a

myocardial infarction, deep vein thrombosis, embolism, thrombocytopic purpura

and microangiopathy.

50. The antigen binding protein of any one of claims 1 to 39 or the pharmaceutical

composition of claims 40 or 4 1 for use according to any one of claims 46 to 48, wherein the

antigen binding protein or pharmaceutical composition is administered in combination with a

further active agent selected from the group consisting of a statin, a CETP inhibitor, a

cardiovascular agent, a cholesterol lowering agent, an ACE inhibitor, an ACAT inhibitor, an

aldosterone antagonist, an alpha blocker, an angiotensin II receptor antagonist, an anti-arrhythmic

agent, an apoA- 1 agent, a beta blocker, a bile acid sequesterant, a calcium-channel blocker, a

dyslipidemia agent, and endothelin receptor antagonist, an LCAT activator, a fibrate, an PPAR

agonist, a squalene epoxidase inhibitor, an anti-inflammatory agent, an anti-thrombosis agent, an

anti-diabetic agent and a cytokine.









A . CLASSIFICATION O F SUBJECT MATTER

INV. C07K16/40 A61K39/395 A61P3/06 A61P9/10
ADD.

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61P C07K A61K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , BIOSIS, EMBASE, WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

BANKA C L ET AL: " Local i zati on of an 1, 2
Apol i poprotei n A-I Epi tope Cri t i cal for
Acti vati on of Leci thi n-Chol esterol
Acyl transferase" ,
JOURNAL OF BIOLOGICAL CHEMISTRY, AMERICAN
SOCI ETY FOR BIOCHEMISTRY AND MOLECULAR
BIOLOGY, US,
vol . 266, no. 35 ,
15 December 1991 (1991-12-15) , pages
23886-23892 , XP002299434,
ISSN : 0021-9258
page 23887 , r i ght-hand col umn , l ast 3-50
paragraph - page 23888, l eft-hand col umn ,
paragraph 1; f i gures 2 ,6,8

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

7 February 2013 20/02/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Si aterl i , Mari a



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

ZHU CHEN ET AL: "AAV8-Medi ated Long-Term 1-50
Expressi on of Human LCAT Si gni f i cantly
Improves Li p i d Profi l e s i n
hCETP; Ldl rMi ce" ,
JOURNAL OF CARDIOVASCULAR TRANSLATIONAL
RESEARCH , SPRINGER US, BOSTON ,
vol . 4 , no. 6 , 6 August 2011 (2011-08-06) ,
pages 801-810, XP019979792 ,
ISSN : 1937-5395 , D0I :
10. 1007/S12265-011-9309-8
the whol e document

J P 11 269199 A (TAKEDA CHEMICAL INDUSTRI ES 1-50
LTD) 5 October 1999 (1999-10-05)
page 48; exampl e 5



Patent document Publication Patent family Publication
cited in search report date member(s) date

J P 11269199 05-10-1999 P 4344408 B2 14-10-2009
P 11269199 A 05-10-1999


	abstract
	description
	claims
	drawings
	wo-search-report

