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(2006}). Blockade of DLL4 potently inhibited primary tumor growth in multiple models
{(Noguera-Troise et al,, Nature, 444(7122): 1032-1037 (2006); Ridgway et al., Nature, 444(7122);
1083-1087 (2006); Scehnet et al., Blood, 109(11): 4753-4760 (2007)). The inhibition of DLL4
was even effective against tumors that are resistant to anti-VEGF therapy. The combinatorial
inhibition of both DLL4 and VEGF provided an enhanced anti-tumor sotivity, Interestingly,
uniike VEGF inhibition that reduces tumor vessel formation, DLL4 blockade leads o a1 increase
in turnor vasculature density wherein the vessels are abnormal, cannot support efficient blood
transport, and are effectively nonfunctional. Thus, DLL4 provides a potential target for cancer
treatiment.
There 15 a need in the art for therapeutic agents capable of targeting the DLL4-Notch
pathway and thereby inhibiting, or even preventing, tumor angiogenesis and growth.
Summary of the Disclosurclavention
The disclosuressventior provides proteins that bind DLL4, including antibodies, CDR -grafted
antibodies, and binding fragments thereof, that are capable of binding DLLA4. Preferably, a
binding protein described herein binds DLL4 with high affinity. More preferably, a binding
protein according fo the disclosureinvestion is capable of neutralizing DLLA. The disclosureinvention also provides
methods of making and using DLL4 binding proteins, including human DLL4 binding proteins.
Advantageously, the disclosureinvention eliminates the need to prepare humanized D114 binding proieins;
thereby, eliminating the complications associated with umanized DLL4 binding proteins,
Ome aspect of this disclosureinvention pertains to a binding protein comprising an antigen binding
domain capable of binding human DLL4, said antigen binding domain comprising at Jeast one or
more CDRs selected from the group consisting of:
COR-HL: X -Mp-XH3—Hy~Xe-¥g-Xy7 {(SEQ ID N0:99), wherein:
¥ is 5 or N;
¥, is 5, G, or W:
X3 18 8§, N, T, G, or R;
Xy is Y
¥ is Y or H:
Xg 1 W; and
X9 is G:
CDR~HZ 1 Ay =Rp=Xaw K= He—H K=K~ Ho—¥; e STR CULD ST CPED SET SN A=) ole]
ID ®O:100}, wherein;
¥, 1ls By
X 18 I
Xy 13 Y
Xy 18 ¥;
Xz is T, N, A, I, 8, or R;
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CDR-L2:

and

CDR-L3:

X11
Xl—'xE“X3""X4"X5_‘X5‘“X'}

Xy
Xz
Xy
X
X5

g
Xy

Xg-Xg"X:i—Xq“Xs"Xg“XT—XE"Xg

X
Xz
X3
X"?
s
e
Xy
Zg

Xy

PCT/US2010/047006

is 5;

{(SEQ ID NO:103}, wherein:
is or Q:
is
is

-t
I 1 r

A, E,
N, 0,

L or I
T, E,

is ; 5, or M;
is

and

E
;
3,
K,
Ry
is P:
$;

is
(SEQ ID N0:104), whersin;
is Q:
is A
is W;
is D;
is R, 5, M, E,
is D or E;
is T, VvV, A, &,
is G, A, or C: and

is V.

Preferably, the antigen binding domain of a DLLA4 binding protein of the disclosureinvention
cornprises at least one CDR comprising an amino acid sequence selected from the group

consisting of:

residues 31-37 of SEQ ID'NO:1 (CDR-H1); residues 52-67 of SEQ ID NO:1 (CDR-
H2); residues 100-110 of SEQ ID NO:1 (CDR-H3);

residues 23-33 of SEQ ID NO:111 (CDRmLE); residues 49-55 of SEQ ID NO:111
(CDR-L2); residues 88-96 of SEQ ID NO:111 (CDR-L3):

SEQID NO:117 (CDR-HI}, SEQ ID NO:11§ (CDR-~H2); SEQ ID NO:119 (CDR-H3);
SEQID NO:121 (CDR-HT); SEQ ID NO:122 (CDR-H2), SEQID NO:123 (CDR-H3);
SEQ ID NO:125 {CDR-H1Y; SEQ ID NO:126 (CDR-H2); SEQ ID NO:127 (CDR-H3):
SEQ ID NO:129 (CDR-H1); SBQ ID NO:130 (CDR-H2); SEQID NO:131 (CDR-H3);
SEQ ID NO:133 (CDR-H1); SEQ ID NO:134 (CDR-H2}; SEQ ID NO:135 (CDR-H3);
SEQ ID NO:137 (CDR-H1); SEQ ID NO:138 {(CDR-H2); SEQID NO:139 (CDR-H3);
SEQ ID NO:141 (CDR-H1}); SEQ ID NO:142 (CDR-H2); SEQ ID NO:143 (CDR-H3};
SEQID NO:145 (CDR-H1}; SEQ ID NO:146 (CDR-H2): SEQ ID NO:147 (CDR-H3);
SEQ ID NO:149 (CDR-H1}); SEQ ID NC:150 (CDR-H2), SEQ ID NO:151 (CDR-H3);
SEQ ID NO:153 (CDR-H1); SEQ ID NO:154 {CDR-H2); SEQ ID NO:135 (CDR-H3);

4



residues 24-34 of SEQ ID NO:351 (CDR-L1); residues 50-56 of SEQ ID NO:351 (CDR-
1.2}; residues §9-97 of SEQ ID NO:351 (CDR-L3);

residues 31-37 of SEQ 1D NO:352 (CDR-HI); residues 52-67 of SEQ ID NO:352 (CDR-
H2Y; residues 106-11C of SEQ ID NO:352 (CDR-H3);

residues 24-34 of SEQ ID NOG:353 (CDR-L1), residues 50-56 of SEQ 1D NO:353 (CDR-
L2}, residues 89-97 of SEQ ID'N(C:353 {CDR-L3);

resicdues 31-37 of SEQ ID NO:354 (CDR-HI); residues 52-67 of SEQ ID NO:354 (CDR-
H2); residues 100-110 of SEQ D NO:354 (CDR-H3);

residues 24-34 of SEQ ID NO:355 (CDR-L1); residues 50-56 of SEQ ID NO:355 (CDR-
L2} residues 89-97 of SEQ ID NO:355 {CDR-L3);

residues 31-37 of SEQ ID NO:356 (CDR-H1); residues 52-67 of SEQ ID NO:356 {CDR-
H2); residues 106-110 of SEQ ID NO:356 (CDR-H3);

residues 23-33 of SEQ ID NO:357 (CDR-L1); residues 45-55 of SEQ ID NG:357 (CDR-
L2); residues 88-96 of SEQ 1D NO:357 (CDR-L3};

residues 31-37 of SEQ ID NO:358 (CDR-H1); residues 52-67 of SEQ ID NO:358 (CDR-
H2j; residues 100-110 of SEQ ID NO:358 (CDR-E3);

residues 23-33 of SEQ ID NO:35% (CDR-L1); residues 49-55 of SEQ ID NO:35% (CDR-
L2} residues 88-96 of SEQ ID N3350 (CDR-LAY:

residues 31-37 of SEQ ID NO360 (CDR-H1Y, residues 52-67 of SEQ ID NO:360 (CDR-
H2Y; residues 100-110 of SEQ ID NO:360 (CDR-H3Y;

residues 23-33 of SEQ ID NO:361 (CDR-L1Y; residues 49-55 of SEQ ID NO:361 (CDR-
L2); residues 88-96 of SEQ ID NO:361 (CDR-L3).



In one embodiment, there is provided a binding protein comprising an antigen binding domain, said

binding protein being
capable of binding human DLL4, said antigen binding domain comprising six CDRs:
CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3, wherein:
CDR-H1 is selected from the group consisting of:

residues 31-37 of SEQ ID NO:1;

SEQ 1D NO: 117,

SEQ ID NO:121;

SEQ D NO:125;

SEQ 1D NO;129;

SEQ ID NO:133;

SEQ ID NC:137;

SEQ ID NO:141;

SEQ ID NO:145;

SEQ ID NO:149;

SEQ ID NO:153;

SEQ ID NO:157;

Lt il gy Rirm.Amd.,
SEQ 1D NG:18 [

SEQ ID NO:165;
SEQ 1D NO:169;
SEQ ID NG:173;
SEQ ID NO:177;
SEQ ID NO:181;
SEQ 1D NO:185;
SEQID NO:189;
SEQ ID NO:193;
SEQ ID NO:197;
SEQ 1D NO:201;
SEQ 1D NO:205:;
SEQ ID NO:209;
SEQID NO:213;
residues 31-37 of SEQ ID NO:334;
residues 31-37 of SEQ ID NO:336;
residues 31-37 of SEQ ID NO:338:
residues 31-37 of SEQ ID NO:340;
residues 31-37 of SEQ ID NO:342;
7a



residues 31-37 of SEQ ID NO:344;
residues 31-37 of SEQ 1D NO:346;
residues 31-37 of SEQ ID NO:348;
residues 31-37 of SEQ 1D NO:350;
residues 31-37 of SEQ ID NO:352;
residues 31-37 of SEQ ID NO:354;
residues 31-37 of SEQ 1D NO:356;
residues 31-37 of SEQ ID NO:358; and
residues 31-37 of SEQ ID NO:360;
CDR-H2, selected from the group consisting of;

residues 52-67 of SEQ ID NO:1;
SEQ 1D NO:118;

SEQ 1D NO:122;

SEQ ID NO:126;

SEQ D NO:130;

SEQ ID NO:134;

SEQ ID NO:138;

SEQ ID NO:142;

SEQ 1D NQ:146;

SEQ 1D NO:150;

SEQ ID NO:154;

SEQ 1D NO:158;

SEQ ID NO:162;

SEQ ID NO:168;

SEQ ID NO:170;

SEQ ID NO:174;

SEQ ID NO:178;

SEQ ID NO:182;

SEQ ID NO:186;

SEQ ID NO:190;

SEQ ID NO:194;

SEQ ID NO:198;

SEQ ID NO:202;

SEQ 1D NO:2086;

SEQ ID NO:210;

SEQ ID NO:214;

residues 52-67 of SEQ 1D NO:334;

/b



residues 52-67 of SEQ ID NO:336:
residues 52-67 of SEQ 1D NO:338;
residues 52-67 of SEQ 1D NO:340;
residues 52-67 of SEQ ID NO:342:
residues 52-67 of SEQ ID NO:344;
residues 52-67 of SEQ 1D NO:3486;
residues 52-67 of SEQ ID NO:348;
residues 52-67 of SEQ ID NO:350;
residues 52-87 of SEQ ID NQ:352:
residues 52-67 of SEQ ID NO:354;
residues 52-67 of SEQ ID NO:356;
residues 52-67 of SEQ ID NO:358; and
residues 52-67 of SEQ 1D NO:360;
CDR-H3 is selected from the group consisting of:

residues 100-110 of SEQ ID NO:1:

SEQ ID NO:119;

SEQ ID NO:123;

SEQ ID NO:127:

SEQ ID NO:131;

SEQ ID NO:135;

SEQ ID NO:139;

SEQ ID NO:143;

SEQ ID NO:147;

SEQ ID NO:151;

SEQ ID NO:155;

SEQ ID NO:159;

SEQ ID NO:1863;

SEQ ID NO:167;

SEQ ID NO:171;

SEQ ID NG:175;

SEQ ID NC:179;

SEQ ID NO:183;

SEQ ID NO:187;

SEQ ID NO:191;

SEQ ID NO:195;

SEQ ID NO:19¢;

SEQ ID NG:203;
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SEQ 1D NO:207;
SEQ ID NO:211;
SEQ ID NO:215;
residues 100-110 of SEQ 1D NO:334;
residues 100-110 of SEQ ID NO:336;
residues 100-110 of SEQ 1D NO:338;
residues 100-110 of SEQ 1D NO:340;
residues 100-110 of SEQ 1D NO:342:
residues 100-110 of SEQ 1D NO;344;
residues 100-110 of SEQ D NQ:3486;
residues 100-110 of SEQ ID NO:348:
residues 100-110 of SEQ 1D NO:350;
residues 100-110 of SEQ 1D NO:352;
residues 100-110 of SEQ 1D NO:354;
residues 100-110 of SEQ ID NO:356;
residues 100-110 of SEQ ID NO:358: and
residues 100-110 of SEQ ID NO:360;
CDR-L1 is selected from the group consisting of:

residues 23-33 of SEQ ID NO:111:

SEQ 1D NO:217;

SEQ ID NO:221;

SEQ ID NO:225;

SEQ ID NO:229;

SEQ iD NO:233;

SEQ ID NO:237;

SEQ ID NO:241;

SEQ ID NO:245;

SEQ 1D NC:240;

SEQ 1D NO:253;

SEQ ID NO:257;

SEQ 1D NO:261;

SEQ ID NO:265;

SEQ ID NO:269;

SEQ ID NO:273;

SEQ ID NO:277;

SEQ ID NO:281;

SEQ ID NO:285; 2



SEQ 1D NO:289;
SEQ ID NO:283;
SEQ ID NO:297;
SEQ ID NO:301;
SEQ ID NG:305;

SEQ ID NO:309;
SEQ 1D NO:313;
residues 23-33 of SEQ 1D NO:335;
residues 23-33 of SEQ ID NO:337;
residues 23-33 of SEQ 1D NO:339;
residues 23-33 of SEQ 1D NO:341;
residues 23-33 of SEQ ID NO:343:
residues 24-34 of SEQ 1D NO:345:
residues 23-33 of SEQ ID NO:347;
residues 24-34 of SEQ 1D NO:349;
residues 24-34 of SEQ 1D NO:351;
residues 24-34 of SEQ ID NO:353;
residues 24-34 of SEQ ID NO:355;
residues 23-33 of SEQ ID NO:357;
residues 23-33 of SEQ 1D NO:359; and
residues 23-33 of SEQ ID NO:361;

CDR-L2 is selected from the group consisting of:

residues 49-55 of SEQ 1D NO:111;
SEQ 1D NO:230;

SEQ 1D NO:234;

SEQ ID NO:238:

SEQ 1D NO:242;

SEQ ID NO:246;

SEQ 1D NO:250;

SEQ 1D NO:254;

SEQ 1D NO:258;

SEQ 1D NO:262;

SEQ 1D NQO:2686;

SEQ ID NQO:270;

SEQ ID NO:218;

SEQ ID NO:222;

SEQ ID NO:228;
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SEQ ID NO:274;

SEQ ID NO:278;

SEQ iD NO:302;

SEQ 1D NO:294;

SEQ 1D NO:282;

SEQ ID NO;290;

SEQ 1D NO:298;

SEQ ID NO:286;

SEQ ID NO:306;

SEQ 1D NO:310;

SEQ ID NO:314;

residues 49-55 of SEQ ID NO:335;

residues 49-55 of SEQ ID NO:337;

residues 49-55 of SEQ ID NO:339:

residues 49-55 of SEQ ID NO:341:
residues 49-55 of SEQ ID NO:343;
residues 50-56 of SEQ ID NO:345;
residues 49-55 of SEQ 1D NO:347;
resiaues 50-56 of SEQ 1D NO:340:
residues 50-56 of SEQ ID NO:351;
residues 50-56 of SEQ ID NO:353:
residues 50-56 of SEQ 1D NO:355;
residues 49-55 of SEQ 1D NO:357;
residues 48-55 of SEQ 1D NO:358; and
residues 49-55 of SEQ ID NO:361:;

and

CDR-L3 is selected from the group consisting of:
residues 88-96 of SEQ 1D NO:111;
SEQ 1D NO:231;
SEQ ID NO:235;
SEQ ID NO:239;
SEQ 1D NO:243;
SEQ ID NO:247,
SEQ IiD NO:251;
SEQ ID NQO:255;
SEQ ID NO:259;
SEQ ID NO:283;
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SEQ ID NO:267;

SEQ ID NO:271;

SEQ ID NO:219;

SEQ ID NO:223;

SEQ ID NO:227;

SEQ ID NO:275;

SEQ ID NO:279;

SEQ ID NO:303;

SEQ ID NO:295;

SEQ 1D NO:283;

SEQ ID NO:291;

SEQ ID NO:299;

SEQ 1D NO:287;

SEQ 1D NO:307;

SEQ ID NO:311;

SEQ ID NO:315;

residues 88-96 of SEQ ID NO:335;
residues 88-96 of SEQ 1D NO:337;
iesidues 88-98 of SEQ 1D NC:338;
residues 88-96 of SEQ 1D NO:341;
residues 88-96 of SEQ 1D NO:343;
residues 89-97 of SEQ D NO:345;
residues 88-96 of SEQ 1D NO:347,
residues 89-97 of SEQ ID NO:349;
residues 89-97 of SEQ ID NO:351;
residues 88-97 of SEQ D NO:353;
residues 89-97 of SEQ 1D NQ:355;
residues 88-96 of SEQ 1D NO:357;
residues 88-96 of SEQ D NO:35% and
residues 88-96 of SEQ 1D NO:361.



In another embodiment, the binding protein comprises at least 3 CDRs disclosed above.

Preferably, a DLL4 binding protein according to the disclosureinvention comprises one or more

CDRs disciosed above, More preferably, the binding protein comprises three or more CDRs
disclosed above. Most preferably, a DLL4 binding protein according o the disclosureinvention comprises
six CDRs described above, i.e., 2 CDR-HI,a CDR-H2, 2 CDR-H3, CDR-L1,aCDR-L2 and a
CDR.-L3 described above.
In a preferred embodiment, the binding proten cotnprises at ieast 3 CDRs selected from
the group consisting of the sequences disclosed above.
More preferably, the binding protein comprises 3 CDRs gelected from a set of variable
domain CDRs selected from the group below.
VH E9 CDR Set

CDR-HI: residues 31-37 of SEQ ID NO:1
CDR-H2: residues 52-67 of SEQ ID NO:1
CDR-H3 residues 106-110 of SEQ ID NO:1
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VL E9-FR2 CDR Set

CDR-L.1: residues 24-34 of SEQ ID NO:355
CDR-1.2: residues 56-56 of SBQ ID NO:355
CDR-L3: residues 89-97 of SEQ ID NO:355
VH E%.71 CDR Set

CDR-HI: residues 31-37 of SEQ ID NO:336
CDR-HZ; residues 52-67 of SEQ ID NO:356
CDR-H3: residues 108-110 of SEQID NO:356
VL E9.71 CDR Set

CDR-LI: residues 23-33 of SEQ 1D NO:357
CDR-L2: © residues 49-35 of SEQ ID NO:357
CDR-L3: residues 88-96 of SEQ ID NO:357
VH ES.71(M) CDR Sat

CDR-H1: residuss 31-37 of SBQ ID NO:358
CDR-H2: regidues 52-67 of SEQ ID NO:358
CDR-H3: residues 100-110 of SEQ ID NO:358
VL E9.T1(M) CDR Set

CDR-L1: residues 23-33 of SEQ ID'NO:359
CDR-L2: residues 49-55 of SBQ ID NG:35%
CDR-L3: residues 88-96 of SEQ 1D NO:359
VH EQ.71{1.) CDR Set

CDR-HI: residues 31-37 of SEQ 1T NO:360
CDR-H2: residues 52-67 of SEG ID NO:360
CDR-H3: residues 100-110 of SEQ ID NO:360
VL E9.71(L) CDR St

CDR-LL:  residues 23-33 0f SEQ ID NO:361
CDR-L2Z: residues 49-55 of SEQ ID NO:361
CDR-L3: residues 83-96-of SBQ ID NO:361

in another embodiment, a binding protein comprises a variable heavy chain (VH)setof 3
CDRs selected from any VH set of 3 CDRe in the group above and a variable light chain (VL) set
of 3 CDRS selected from any VL set of 3 CDRs in the group above.

In stiil another embodiment a binding protein comprises & named VH set of 3 CDRS and 2
comespondingly nemed VL set of 3 CDRs from the group below, Preferably, a binding protein
according to the disclosureimwention comprises at least two variable domain CDR sets selected from the
group of variable domain CDR sets consisting of*

VH E® CDR Set and VL E% CDR Set,

VH E9.4 CDR Set and VL E9.4 CDR Set,
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337,338,339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354,353,
356,357, 358,359, 360, and 361,

In another embodiment, & binding protein according to the disclosureinventien comprises two
variable domains, wherein said two variable domeains have amino acid sequences selected from
the group consisting of: SEQ ID NOS:1 and 111, SEQ ID NOS:116 and 228, SEQID NOS:120
and 232, SEQ ID NOS:124 and 236, SBOQ ID NOS:128 and 240, SEQ ID NOS:132 and 244, SEQ
ID NOS:136 and 248, SEQ ID NOS:140 and 252, SEQ ID NOS:144 and 256, SEQ I NOS: 148
and 260, SEQ ID NOS:152 and 264, SEQ ID NOS:156 and 268, SEQ ID NOS: 160 and 216, 8EQ
D NOS: 164 and 220, SEQ ID NOS:168 and 224, SEQ ID NOS:172 and 272, SEQ ID NOS:176
and 276, SEQ ID NOS:180 and 300, SEQ ID NOS:184 and 292, SEQ ID NOS:188 and 280, SEQ
D NOS:192 and 288, SEQ 1D NOS:196 and 296, SEQ ID NOS:200 and 284, SEQ ID NOS:204
and 304, SEQ ID NOS:208 and 308, SEQ ID NOS:212 and 312, SEQ ID NOS:334 and 335, SEQ
D NOS:336 and 337, SEQ ID NOS:338 and 339, SEQ ID NOS:340 and 341, SEQ ID N(OS:342
and 343, SEQ ID NOS:344 and 345, SEQ ID NOS:346 and 347, SEQ ID NOS:348 and 349, SEQ
ID NOS:350 and 351, SEQ ID NOS:352 and 353, SEQ ID NOS:254 and 355, SEQ ID NOS:356
anc 357, SEQ ID NOS:358 and 359, SEQ ID NOS:360 and 361,

In ar: embodiment, a binding protein according to the disclosureinvention comprises heavy chain

vanable domain (Vy), preferably wherein the Vg comprises an amino acid sequence selected
from the group consisting of:

SEQ ID NOS:1, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168,172,
176, 180, 184, 188, 192, 196, 200, 204, 208,212, 334, 336, 338, 340, 342, 344, 346, 348, 350,
352, 354, 356, 358, and 360.

In yet another embodiment, a binding protein according to the disclosureinvention comprises a
light chain variable domain (a V), preferably wherein the v, comprises an amino zcid
sequence selected from the group consisting of:

SEQID NOS:111, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 21 6, 220, 224, 272,
276, 300, 292, 280, 288, 296, 284, 304, 308, 312, 335, 337, 339, 341, 343, 345, 347,349, 351,
353, 355,357,359, and 361.

In a preferred embodiment, a binding protein according to the disclosureinvention comprises 2 Vy

and a Vi, preferably wherein Vy; and a Vi are any of those sequences disclosed above.

In another embodiment, the disclosureinvenstion provides a binding protein capable of binding
human DLL-4, said binding protein comprising:

an Ig constant heavy region having an arnino zcid sequence selected from the group
consisting of SEQ ID NO:2 and SEQ ID NO:3;

an Ig constant hight region having an amino acid sequence selected from the group
consisting of SEQ 1D NO:4 and SEQ ID NO:5;

16



15

20

25

30

35

WO 2011/023964 PCT/US2016/047066

an Ig variable heavy region having an amino acid sequence selected from the group
consisting:

SEQ ID NOS:1, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176,
180, 184, 188,192, 196, 200, 204, 208, 212, 334, 336, 338, 340, 342, 344, 346, 348, 350, 352,
354, 356, 358, and 360; and

an Ig variable light region having an amino acid sequence selected from the group
consisting:

SEQID NOS:111, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 216, 220, 224, 272,
276, 300, 292, 280, 288, 296, 284, 304, 308,312,335, 337, 339, 341, 343, 345, 347, 349, 351,
353,355, 357,359, and 361.

Amnother aspect of the disclosuremvention pertains to a binding protein comprising an antigen
vinding domain capable of binding hurnan DLL4, said antigen binding domain comprising at least
one or more CDRs selected from the group consisting of:

CDR-HI: X;—-X;~X3-¥;-¥: {SEQ ID NO:105), wherein:
’ ¥, is 8, W, or D
¥; is H or Y:
Xy is W;
Xy is My
¥s is 8§ or H;
CDR-HZ: X1“X2“X3W}{4—XB—X6~X7WXS—XQ-XN—XM*XH-—Xla—XMHng—Xlg—Xn
(SEQ ID NO:106), wherein:
Xy is I, D, M, or T
¥ 1is I:
is 5;

¥, is ¥, N, 8, Q, V, T, B, or D;

Xs is Dy

Xe 15 G

Z; is 8, R, I, T, &, ¥, H, or N:
g s N, Y, 8, I, or T;

¥ols K, M, N, &, E, T, R, 8, A, or L:

e 18 Y, D, or B;

¥ is 85 oxr Y

Xy 13 Ay

X3 is D;

X1 18 3

s is V;
K

X 1s K; ang
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X, is 8§ or A;

Xy is W:

X, 1is D;

X5 is R, 8, Q, P, A, V, W, or M;
X is 8, &, I, N, R, or T:

¥ 1s D or G;

¥g i8 V, A, P, or E; andg

¥y is V.

Preferably, the antigen binding domain of a DLL4 binding protein of the disclosurcinvention

comprises at least one CDR comprising an amino acid sequence selected from the ou
o) 8] ) group

consisting of:

residees 31-35 of SEQ ID NO:112 (COR-F1): residues 50-66 of SEQID NO:112
(CDR-H2); residues 99-108 of SEQ ID NO:112 (CDR-H3):

residues 23-33 of SEQ ID NO:113 (CDR-L1Y; residues 49-55 of SEQIDNO:113
(CDR-L2); residues $$-96 of SEQ ID NO:113 (CDR-L3);

residues 31-35 of SEQ ID NO:316 (CDR-H1); residues 50-66 of SEQ ID NO:3 16
(CDR-H2); residues 99-108 of SEQ ID N(O:316 (CDR-H3);

residues 31-35 of SEQ ID NO:317 (CDR-H1); residues 50-66 of SEQ ID NO:317
(CDR-H2); residues 99-108 of SEQ ID NO317 {CDR-H3;

residues 31-35 of SEQ ID NO:318 (CDR-H1); residues 50-66 of SEQ ID NO:318
{CDR-H2); residues 99-108 of SEQ ID NOG:318 (CDR-H3)
residues 31-35 of SEQ ID NO:319 (CDR-H1); residues 50-66 of SEQ IDNO:318
(CDR-H2); residues 99-108 of SEQ ID NO:319 (CDR-H3):

residues 31-35 of SEQ ID NO:320 (CDR-H1); restdues 56-66 of SEQID NO:329
(CDR-H2); residues 99-108 of SEQ ID NO:320 (CDR-H3);

residues 31-35 of SEQ ID NO:321 (CDR-H1); residues 50-66 of SEQ ID NO:321
(CDR-H2); residues 99-108 of SEQ ID NO:321 (CDR-H3);

residues 31-35 of SEQ ID NO:322 (CDR-H1); residues 50-66 of SEQ ID NO:322
(CDR-H2); residues 99-108 of SBQ ID NO:322 (CDR-H3):

residues 31-35 of SEQ ID N(G:323 (CDR-E1); residues 50-66 of SEQID N(:323
(CDR-H2); residues 99-108 of SEQ ID NO:323 (CDR-H3);

residues 31-35 of SEQ ID NO:324 (CDR-H1); residues 50-66 of SEQ ID NO:324
{CDR-H2); residues 99-108 of SEQ ID NOQ:324 (CDR-H3};

residues 31-35 of SEQ ID NO:325 (CDR-H1); residues 50-66 of SEQ ID NO:325
{CDR-H2): residues 99-108 of SEQ ID NO:325 {CDR-H3):

residues 31-35 of SEQ ID NO:326 (CDR-H1); residues 50-66 of SEQ ID N(C:326
(CDR-H2); residues 99-108 of SEQ ID NO:326 (CDR-H3);

kS
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residues 23-33 of SEQ ID NO:327 (CDR-L1); residues 49-55 of SEQ ID NO:327

(CDR-1.2}; residues 88-96 of SEQ ID NO:327 (CDR-L3Y;

residues 23-33 of SEQ ID NO:328 (CDR-L1); residues 49-55 of SEQIDNO:328

(CDR-L2); residues 88-96 of SEQ ID NO:328 {CDR-L3);

residues 23-33 of SEQ ID NO:329 (CDR-L1); residues 49-55 of SEQ ID NO:329

(CDR-L2}; residues 88-96 of SEQ ID NO:329 (CDR-L3);

residues 23.33 of SEQ ID NQ:330 (CDR-L1); residues 46-55 of SEQ ID NO:330

(CDR-L2); residues §8-96 of SEQ ID NO:330 {CDR-L3);

residues 23-33 of SEQ ID NO:331 (CDR-L1); residues 46-55 of SEQIDNO:331

(CDR-L2); residues 88-96 of SEQ ID NO:331 (CDR-L3):;

residues 23-33 of SEQ ID NO:332 (CDR-L1}; residues 49-55 of SEQID NO:332

(CDR-L2); residues 88-96 of SEQ ID N(O:332 (CDR—B);

regidues 23-33 of SEQ ID NO:333 (CDR-L1); residues 49-55 of SEQ ID NO:333

(CDR-L2); residues 88-96 of SEQ ID NO:333 (CDR-L3).

In another embodiment, the binding protein comprises at least 3 CDRs disclosed above.

Preferably, a DIL4 binding protein according to the disclosureinvention comprises one or more
CDRs disciosed above. More preferably, the binding protein comprises three or more CDRs
disclosed above. Most preferably, a DLL4 binding protein according to the disclosureinvention comprises

: ove, e, a CDR-HI, 2 CDR-H2, & CDR-H3, « CDR-L1, a CDR-L2, and a

CDR-L3 described above.

In a preferred embodiment, the binding protein comnprises at least 3 CDRs selected from
the group consisting of the sequences disclosed above,

In another preferred embodiment, & binding protein comprises 3 CDRs selected from a set
of variable domain CDRs selecied from the group below,

VH ALQ CDR Set

CDR-E1: residues 31-35 of SEQ ID NO:112
CDR-H2: residues 50-66 of SEQ IDNO:112
CDR-H3: residues 99-108 of SBQ ID NO:112
VL ALUCDR Set

CDR-L1: residues 23-33 of SEQ ID NC:113
CDR-L2: residues 45-35 of SEQ ID NO:113
CDR-L3: residues §8-96 of SEQ ID NC:113
VH A10.3 CDR Set

CDR-H1: residues 31-35 of SEQ ID NO:316
CDR-H2: residues 30-66 of SEQ ID NO:316
CDR-H3: residues 99-108 of SEQ ID NO:316
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In still another embodiment & binding protein comprises & named VH set 0f 3 CDRs and a
correspondingly named VL set of 3 CDRs from the group below. Preferably, a binding protein
according to the disclosureimvension comprises at least two variable domain CDR sets selected from the
group of variable domain CDR sets consisting of:

VH AIC CDR Set and VL. A10 CDR Set;

VH A10.3 CDR Set and VL A10.3 CDR Set;
VH A10.3A CDR Setand VL A1G.3A Set;

VH A1G.68 CDR Set and VI A 10.6B Set;

VH A1G.3D CDR Setand VL A14.3D CDR Set;
VI A10.4C CDR Set and VL A104C CDR Set;
VH ALQK30 CDR Setand VL A10G.3 CDR Set;
VH Al10.K42 CDR Setand VL A10.3 CDR Set;
VH A10.3 CDR Setand VL A10.L45 CDR Set;
VH A10.3 CDR Setand VL A10.1.73 CDR Set;
VH A10.94 CDR Setand VL A10.3 CDR Set;
VH A1G.8A CDR Setand VL A10.3 CDR Set;
VH A10.1A CDR Set and VL A 10.3 CDR Set; and
VH A10.51 CDR Setand VL A10.3 CDR Set.

In yet anotier embodiment, & Dinding protein desoribed above further comprises a huinan
acceptor framework. Preferably, the human acceptor framework comprises an amino acid
sequence selected from the group consisting of;

heavy chain acceptor framewark seguences SEQ 1D NOS:6-22,
heavy chain acceptor sequences SEQ ID NOS:35-62,

light chain acceplor sequences SEQ 1D NOS:23-34, and

light chain acceptor sequences SEQ 1D NOS:63-98.

In another embodiment a binding protein described above comprises a human acceptor
framework, which comprises at least one framework region amino acid substifution, wherein the
amino acid sequence of the frammework is at least 65% identical to the sequence of said human
acceptor framework and comprising at Ieast 70 amine acid residues identical to said human
acceptor framework.

In another embodiment a binding protein described herein comprises a2 human acceptor
frameworls that comprises at least one framework region amino acid substitution at a key residue,
said key residue selected from the group consisting of:

a residue adjacent to & CDR;
a glycosylation site residue;
a rare residue;

a residue capable of interacting with human DLL4
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& canomcal residue;
a contact residue between heavy chain variable region and light chain variable
region;
a residue within a Vernier zone; and
a regidue in a region that overlaps between 2 Chothia-defined varzble heavy
chain CDR1 and a Kabat-Gefined first heavy chain framework.
Preferably, the key residue is selected from the group consisting of: 2H, 4H, 24H, 26H, 27H, 20,
34H, 35H, 37H, 391, 44H, 45H, 47H, 48H, 49H, S0H, 51H, 58H, 59H, 60H, 63H, 67K, 695,
7LH, 73H, 768, 78H, 91H, 934, 94H, 2L, 4L, 251, 291, 27bL, 33L, 34L, 36L, 38L, 431, 441,
46L, 471, 48L, 49L, 55L, 58L, 62L, 64L, 71L, 87L, 89L, G0L, 911, 94L, 951,
In another embodiment, 2 binding protein described herein comprises 2 consensus hurnan
variable domain.
In 2 preferred embodiment, 2 binding protein described above cornprises at least one
variable domain having amino acid sequence selected from the group consisting of:
SEQ IDNOS:112, 113, 316, 327, 317, 318, 319, 320, 321, 322, 323, 330, 324, 331, 325, 332,
326, 333, 328, and 329,
In another embodiment, & binding protein described above comprises two variable

domains, wherein said two variable domains have amino acid sequences selected from the group

T REN

SEQ ID WOB:1i2 and 113, 5EQ ID WOS:316 and 327, SEQ ID

i yhe
i

e o T
AAILIDLD Lallls 4

NOS:323 and 330,
SEQ ID NOS:324 and 331, SEQ ID NOS:325 and 332, and SEQ ID NOS:326 and 333.

Ir an embodiment, a binding protein according to the disclosureinvention coraprises heavy chain
variable domain (Vy }, preferably wherein the Vy comprises an amino acid sequence selecied
fom the group consisting of:

SEQ IDNOS:112, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, and 326.

In yet another embodiment, a binding protein according fo the disclosureinvention comprises a
light chain variable domain (a V), preferably wherein the V, comprises 21 amino acid
sequence selected from the group consisting of:

SEQIDNOS:113, 327, 328, 329, 330, 331, 332, and 333.

In another embodiment, the disclosureinvention provides a binding protein capable of binding
human DLL-4, said binding protein comprising:

an Ig constant heavy region having an anino acid sequence selected from the group
consisting of SEQ ID NO:2 and SEQ ID NO:3:

an Ig constant light region having an aminoe acid sequence selected from the group
consisting of SEQ ID NO:4 and SEQ ID NO:3;

an Ig variable heavy region having an amine acid sequence selected from the group
consisting: '

SEQ ID NOS: SEQ ID NOS:112, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, and 326; and
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an Ig variable light region having an smine acid sequence selected from the group
consisting:

SEQID NOS: 113,327, 328, 329, 130, 331,332, and 333,

In one embodiment, there is provided a binding protein capabie of binding human DLL-4, said binding
protein comprising:

an g constant heavy region having an amino acid sequence selected from the group

consisting of SEQ ID NO:2 and SEQ ID NO:3;

an Ig constant light region having an amino acid sequence selected from the group
_consisting of SEQ ID NO:4 and SEQ ID NO:5;

an lg variable heavy region having an amino acid sequence selected from the group

consisting:

SEQ 1D NOS:1, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164,
168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 334, 336, 338, 340, 342,
344, 348, 348, 350, 352, 354, 356, 358, and 360: and

an ig variable light region having an amino acid sequence selected from the group

consisting:

SEQ ID NOS:111, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 216, 220,
224, 272, 276, 300, 202, 280, 288, 296, 284, 304, 308, 312, 335, 337, 339, 341, 343,
345, 347, 349, 351, 353, 355, 357, 359, and 361.

According @ the disclospreieeention, varisble heavy (VH) domains and varisbie Hoht (VL)
domaing of DLL4 binding pm’teins'described herein may alsc be shuffled uging recombinant
techniques available in the art to generate and select for additional DLL4 binding proteins that
comprise various combinations of VE and VL domains described herein.

In a preferred embodiment, a DLLA4 binding protein according to the disclosureisvention binds
human DLLA4 (hv DLL4) and at least one other species of DLL4, More preferably, 2 DLL4
binding protein described herein binds human DILL4 and 2 DLL4 selected from the group
consisting of: a mouse DLL4 (mu DLL4), 2 cynomolgus monkey DLL4 (cynomolgus DLL4,
cvne DLL4), arat DLL4, and combinations thereof,

in another embodiment, 2 DLL4 binding protemn is a fully human antibody or antigen
binding portion thereof.

In another embodiment, a DLLA4 binding protein is a CDR grafied antibody. Maore
preferably, 2 DLL4 binding protein is a CDR-grafted antibody or antigen binding portion thereof
comprising one or more CDRs described above.

il more preferably, the CDR grafted antibody or antigen binding portion thereof

comprise & variable domain described above. More preferabiy, a CDR grafted antibody or
antigen binding portion thereof cornprises two variable domains described above. Preferably, the
CDR grafted antibody or antiger binding portion thereof comprises a human acceptor framework.
More preferably, the hurnan accepior framework is any one of the human acceptor frameworks

described above,



More preferably, a binding protein is capable of neutralizing an activity of e DLL4
selected from the group consisting of human DLL4, mouse DLLA4, cynomolgus monkey DLL4,
rat DLL4, and combinations thereof. Evaluating the neutralization of activity of DLL4 can be
agsessed via several in vitro and in vivo assays know in the art, Exemplary paramsters for
assessing neutralization of DLLA activity include, but are not limnited to, antibodies that imhibit
DLL4 interaction with the Notch receptor, and/or Notch-signaling pathway with an IC, values of
about at least 10 M; at least 107 M, or at least 10 M.
In one embodiment, the binding protein of the disclosureinvention has an on rate constant Ko to
DLLA of at least about 10"M™'s™; at least about 10°M 75”7, at least zbout 10°M7's": at least about
10°Ms™; or at least about 10°Ms”, as measured by surface plasmon resonance. Preferably, the
binding protein of the disclosureinvention has an on rate constant (Kon) to DLLA between 10°M s 1o 16°M-
!s'l; between 10°M s 10 104M'1S'1; between 10°M s 10 105M"1s'1; or between 10°M s t0 105

's, as measured by surface plasmon resonance.
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In another embodiment, the binding protein of the investies-disclosure has an off rate constant {K.ore)
for DLL4 of at most zbout 3‘0“35'3; azt most about 107s™; at most about 10%s7; or at most ebout 107
8, as measured by surface plasmon resonance. Preferably, the binding protein of the invention
has an off rate constent (Kor) to DLL4 of 10757 10 1076 of 10%7 10 1075 or of 107 10 105
', a8 meesured by surface plasmon resonance.

In another embodiment, the binding protein of the imvention-disclogure has a dissociztion constant
(Kp) to DLL4 of at most bout 107 M; at most about 107 M: at most about 147 M at most about
107" M; at most about 107" M; at most about 10" M; or at most 167 M. Preferably, the binding
protein of the invention-disclosure has a dissociation constant (Kp) to DLLA of 167 M t0 10%M; of 10 M 1o
107 M; of 1P M to 167" M; of 10710 107 M; of 10 Mt 10 M; or of 1072 40 M 10 ML

In one embodiment, there is provided a labeled binding protein comprising a binding protein as defined

herein, wherein said binding protein is conjugated to a detectable label.

One embodiment of the inventien-disclosure provides an antibody construct comprising any one of
the DLL4 binding proteins disclosed above and a linker polypeptide or an immunogiobulin

constant dormain.

In one embodiment, there is provided an antibody construct comprising a binding protein as defined _

herein and further comprising a linker polypeptide or an immunoglobulin constant domain.

In a preferred embodiment, an antibody construct according to the isvestion-disclosure is

selected from the group consisting oft an immunoglobulin molecule, & monoclonal antibody, 2
chimeric antibody, 2 CDR-grafted antibody, a hurnanized antibody, a Fab, a Fab' a F{ab™, a Fv, a
disulhide linked v, a scFv, 2 single domain antibody, a diabody, 2 mutspecific antibody, a dual
specific antibody, and & bispecific antibody.

In 2 preferred embodiment, an antibody construct of the srventios-disclosure comprises a heavy chain

<

mmmunoglobulin constant domais selected from the group consisting of & human 1 gM constant
domain, a human IgG1 constant domain, a human IgG2 constant domain, a human Tg(33 constant
domain, a humaz; ig(G4 constant domain, 2 human IgE constant domain, and 2 human Iga
constant domain, and mutants of the above Ig isotypes which may alter Fe gamma receptor
binding, FcRn binding, Clg binding and may alter pharmacokinetic properties and/or Fe effecior
functions.

in another embodiment, an antibody construct is glycosylated. Preferably, the
glycosylation 1s a human glycosylation pattern,

In another embodiment, 2 DL.L4 binding protein described herein is conjugated to an
agent. Binding protein conjugates of the inventios-disclosare include antibody conjugates in which an
antibody construct described nerein is conjugated io an agent. Preferabiy, the agent is selected
from the group conststing of. an immunoachesion molecule, an imaging agent, & therapeutic
agent, and a cyiotoxic agent.

In one embodiment, there is provided an antibody conjugate comprising an antibody construct as

defined herein, wherein said antibodv construct is conjugated to a therapeutic or cytotoxic agent.

In a preferred embodiment, the imaging agent is selected from the

group consisting of a radiolabel, an enzyme, a fluorescent label, a luminescent label a
bicluminescent label, a magnetic label, and biotin. More preferably the imaging agent is a
radiolabel selected from the group consisting of: *H, *C **s, *v, #1¢, ", L, B, Ly, ¥,
and **Sm. In a preferred embodiment, the therapeutic or eyiotoxic agent is selected from the

group consisting of: &n anti-metabolite, an alkylating agent, an antibiotic, 2 growth factor, 2
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cytoline, an anti-angiogenic agent, an anti-mitotic agent, an anthracycline, toxin, and an apoptotic
agent,

In another embodiment, a DL.L4 binding protein, an antibody construct, or & binding
protein conjugate (nchiding antbody conjugates) disclosed above exists as & crystal. Preferably,
the crystal is & carrier-free pharmaceutical controlled release crystal. In & preferred embodiment,
such & crystallized binding protein, crystallized antibody construct, or crystallized antibody
conjugate has a greater half life in vivo than its soluble counterpart. In another preferrad
embodiment, the crystallized binding protein, crystallized antibody construct, or crystailized
binding protein conjugate (including antibedy conjugate) retaing biolo gical ectivity after
crystaliization.

Orne aspect of the disclosureinvention pertains 1o an isolated nucleic acid encoding a DLL4 binding
protein, an antibody construct, a DLL4 binding antibody conjugate, or DLL4 binding portion
thereof. Particularly preferred is an isolated nucieic acid that encodes polypeptide seiected
from the group comsisting of: a polypeptide comprising a heavy chain variable domain, wherein
the heavy chain vanable domain comprises 2 CDR-HI, 2 CDR-H2, or 2 CDR-H3 described
above; a polypeptide comprismg a tight chein variable domain, wherein the light chain variable
domainr comprises a CDR-L1, e CDR-L2, or a CDR-L3 as described above; or a combination of
both polypeptides.

In one embodiment there is provided an isolated nucleic acid encoding a polypeptide selected from the

group consisting of: a polypeptide comprising a heavy chain variable domain, wherein the heavy chain variable

domain comprises one or more of CDR-HI, a CDR-H2, or a CDR-H3 as defined herein; a polypeptide

comprising a fight chain variabie domain, wherein the light chain variable domain COTHPEISSS one of more of

CDR-L1, 2 CDR-L2, or a CDR-1.3 as defined herein: or a combination of both polypeptides,

A further embodiment provides & vector comprising an isolated rucleic acid diselosed
above. In a preferred embodiment, the vector is selected from the group consisting of: pcDNA,
pTT {Durocher et al, Nucl. Acids Res., 30(2e9): 1-9 (2002)}, pTT3 (pTT with additional multiple
cloning sites), pEFBOS (Mizushime et al., Nucl. 4cids. Res., 18 (17 5322 ( 1950}), pHvbE,
pBY, pJV, and pBJ, and any other expression vectors suitable for prokaryotic or eukaryotic cells.
In another aspect of the disclosursinvention there is provided z host cell is transformed with the
vector disclesed above. The host cell mey be prokaryotic or sukaryotic cell. A preferred.
prokaryotic host cell is Escherichia coli. Preferably, the eukaryotic cell is selected from the group
consisting of: 2 protist cell, an animal cell, 2 plant cell, and 2 fungal cell. More preferably, the
host cell 18 2 mammalian cell ncluding, but not limited to, CHO and COS celis. A preferred
fungel cell is, but not limited to, Saccharomyces cerevisiae. A preferred insect cell 15 an 519 call.
Another aspect of the disclosureinventios provides a method of producing a binding protein that
binds human DLLA comprising the step of culturing any one of the host cells disclosed above in a
cutture medium under conditions sufficient to produce a binding protein that binds human DLLA.
Another embodiment provides & binding protein produced according to the method disclosed
above,
One embodiment provides a composition for the release of 2 DLL4 binding protein

according to the disclosureinvention wherein the composition comprises a formulation which in turn
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comprises é crystallized DLLA binding protein, crystallized antibody construct, or crystallized
binding protein conjugate (inciuding antibody conjugates) as disclosed above and an ingredient,
and further at lezst one polymeric carrier, Preferably, the polymeric carrier is a polymer selected
from one or more of the group consisting of: poly (acrylic acid), poly {cyanoacrylates), poly
(arminc acids), poly (enhydrides), poly (depsipeptide), poly {esters), poly (lactic acid), poly (lactic-
co-glycolic acid) or PLGA, poly {b-hydroxybuiryate), poly (caprolactone), poly (dioxanone); poly
(ethylene giycol), poly ((hydroxypropyl) methacrylamide, poly [(organo)phosphazene], poly
(ortho esters}, poly (viny! alcohol), poly (vinylpyrrolidone), maleic anhydride- alkyl vinyl ether
copolymers, pluronic polyols, albumin, alginate, cellulose and cellulose derivatives, collagen,
fibrin, gelatin, hyaluronic acid, oligosaccharides, glycaminoglycans, sulfated polyeaccharides,
blends and copolymers thereof. Preferably the ingredient is selected from the group consisting of
albumin, sucrose, trehalose, lactitol, gelatin, hydroxypropyl-B-cyclodextrin, methoxypolyethyiene
slycol and polyethylene glycol.

Another embodiment provides a method for treating a mamrmal comprising the step of
administering to the mammal an effective amount of 2 composition comprising a crystallized
DLL4 bmding protein, a crystallized antibody construct, or a crystallized protein conjugate

{(including antibody conjugsates) disclosed ahove.

The disclosureinvention also provides a pharmaceutical composition comprising a DI.L4 binding

protein, an antibody construct, or a binding protein conjugate {including antibody conjugates) as
disclosed abave and 2 pharmaceutically acceptable carrier. Tn & further embodiment, the
pharmaceutical composition comprises at least one additional agent. The additional agent may be
a therapeutic agent for treating a disorder i which DLL4 is detrimental. Preferably, &
pharmaceutical composition comprises an additional agent selected from the group consisting of
a therapeutic agent; an fmaging agent; an antineoplastic agent; a chemtherapeutic agent (such as a
DNA alkylating agent, cisplatin, carboplatin, an anti-tubulin agent, pachitaxel, docetaxel,
doxorubicin, gemcitabine, gemzar, an anthracycline, adriamycin, a topoisiomersase I inhibitor, &
topoisomerase I inhibitor, 5-fuorouracil (5-FU), leucovorin, irinotecan), and & recepior tyrosine
kinase inhibitors (e.g., erlotinib, gefitinib), 2 COX-2 inhibitor (e.g., celecoxib), a kinase inhibitor,
and an angiogenesis inhibitor (including but not limited to an anti-VEGF antibody or VEGF-trap);
a co-stimulation molecule blocker (including but not limited to anti-B7.1 antibody, anti-B7.2
antibody, CTLA4-Ig, anti-CD20 antibody’); an adhesion molecule blocker {(including but not
limited to an anti-LFA-1 antibody, an anti-E/L selectin antibody, and a small molecule inhibitor);
anti-cytokine antibody or functional fragment thereof (including but not limited fo an anti-IL-1 g,
an anti-TNF, and an anti-[L-6/cytokine receptor antibody); methotrexate; cyclosporine;
rapamycin; FI506; a detectable label or reporter molecule; 2 TNF antagonist; an antirheurnatic; a
muscle relaxant; a narcotic; a non-steroid anti-inﬂé.mmatory drug (NSAID); an analgesic; an

anesthetic; a sedative; a local anesthetic; & newromuscular blocker; an antimicrobial agent; an
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antipsoriatic agent; a corticosteroid; an anabolic steroid; an erythropoieting an immunization; an
immunoglobulin; an immunosuppressive agent; a growth hormone; a hormone replacement drug;
& radiopharmaceutical drug; an antidepressant; an antipsychotic drug; 2 stimulant; an asthma
medication; a beta agonist; an inhaled steroid; an epinephrine or analog thereof; a cytokine; and a

cyt®kine antagonist.

In another aspect, the disclosurcinvention provides a method for inkibiting human DLL4 activity
comprising comtacting humen DLIL4 with 2 binding protein disclosed above such that human
DLL4 15 inhibiied or neutralized. In a related aspect, the invention provides a method for
inhibiting DLL4 activity in a human subject suffering from a disorder in which DLLA is
detrimental, comprising administering to the human subject & binding protemn disclosed above
such that human DLL4 in the human subject is inhibited and treatment is achieved, Preferably,
the disorder is selected from the group comprising primary and metastatic cancers, inctuding
carcinomas of breast, colon, recturm, lung, oropharynx, hypopharynx, esophagus, stormach,
pancreas, liver, gallbladder and bile ducts, small intestine, urinary tract (including kidney,
bladder, and urothelium), female genital tract (including cervix, uterus, and ovaries as wel] ag
cherlocarcinome and gestational trophoblastic disease), male genital tract (including prostate,
seminal vesicles, testes, and germ cell tumors), endocrine glands (including the thyroid, adrenal,
and pituitary glands), and skin, as well as hemangiomas, melanomas, sarcotnas (including those
arising from bone and soft tissues as well as Kaposi's sarcoma), tumors of the brain, nerves, eyes,
and meninges (including astracytornas, gliomas, glioblastomas, retinobiastomas, neuromas,
neuwroblastomas, Schwannomas, and meningiomas), solid tumors arising from hematopoietic
majignancies such as leukemias and lymphomas (both Hodgkin's and non-Hodgkin's lymphomas),
tumor metastases, ocular neovascularization (including diabetic blindness, retinopathies, age-
mduced macular degeneration and rubeosis), edema, theurnatoid arthritis, multiple sclerosis,
atheroscleorotic plaques, Crohn's disease, inflammatory bowel disease, refractory ascites,
psoriasis, sarcoidosis, arterial arteriosclerosis, sepsis, peptic ulcers, burns, and pancreatitis,
polycystic ovarian disease (POD), endometriosis, uterine fibroids, benign prostate hyperrophy,
and other angiogenesis independent and dependent diseases characterized by abberant DLL4
activity.

In another aspect the disclosureinvention provides a method of treating a patient suffering from a
disorder in which hurnan DLL4 is detrimental comprising the step of administering any one of the
binding proteins disclosed above before, concurrent, or afier the administration of 2 second a gent,
as discussed above. In & preferred embodiment, the second agent is selected from the group
consisting of: radiotherapeutic agent; an antineoplastic agent; & chemotherapeutic agent (such as a
DA alkylating agent, cisplatin, carboplatin, an anti-tubulin agent, pachtaxel, docetaxel, taxol,
doxorubicin, gemeitabine, gemzar, en anthracycline, adriamycin, 2 topoisomerase I inhibitor, &

topoisomerase II inhibitor, S-flucrouracil {5-FLN), leucovorin, irinctecan), a receptor tyrosine
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kinase inhibitor (e.g., erlotinib, gefitinib}, a CO3{-2 inhibitor (e.g., celecoxib), a kdnase inhibitor,
and an angiogenesis inhibitor (including but not imited to an anti-VEGF antibody or VEGF-trap),
& co-stimuiation molecule blocker (including but not limited to anti-B 7.1, anti-B7.2, CTLAA4-Ig,
anti-CD20); an adhesion molecule blocker (including but not Kmited o an anti-LEA-] antibody,
an anti-E/L selectin antibody, 2 small molecule inhibitor); anti-cytokine antibody or funttional
fragment thereof {including but not imited 10 anti-IL-1 8, anti-TINF, anti-IL-6/cytokine receptor
antibodies); methotrexate; cyclosporine; rapamycin; FE.506; detectable label or reporter; a TNF
antegonist; an antirtheumatic; a muscle relaxant; 2 narcotic; a non-steroid anti-mflammatory drug
(NSAID); an analgesic; an anesthetic; a sedative; a local anesthetic; a neuromuscular blocker; an
antimicrobial agent; an antipsoriatic drug; a corticosteroid; an anabolic steroid; an erythropoietin;
an immunization; an immunoglobulin; an IMUTOSUppressive agent; a growth hormone; a
hormone replacement drug; 2 radiopharmaceutical drug; an anfidepressant; an antipsychotic drug:
& stimulant; an asthma medication; 2 beta agonist; an inhaled steroid; an. epinephrine or analog

thereof] 2 cytokine; and a cylokine antagonist,

In one embodiment, there is provided the use of the binding protein as defined herein, in the

manufacture of a pharmaceutical composition for reducing human DIL4 activity.

In one embodiment, there is provided the use of the binding protein as defined hercin, in the

manufacture of a pharmaceutical composition for reducing human DLLA activity in 2 human subject suffering

from a disorder in which DLL4 activity is detrimental,

in one embodiment, there is provided the use of the binding protein as defined herein, in the

manufacture of a pharmaceutical composition for treating a patient suffering from a disorder in which DLLA is

detrimental, wherein said composition is for administration before, concurrent with, or afier the administration

of a second agent, wherein the second agent is selecied from the group consisting of an antibody or fragment

_thereof capable of binding human VEGFR2; methotrexate; an antibody, or fragment thereof, capable of binding '

_human TNF; corticosteroids, cyclosporine, rapamycin, FK506, and non-steroidal anti-inflammatory agents.

In a preferred embodiment, the pharmacentical compositions disciosed above are
adminisiered to the subject by at least one mode selected from the group consisting of: parenteral,
subcutaneous, intramuscular, infravenous, nfrarticular, intrabronchial, intraabdominal,
inracapsuler, intracartilaginous, intracavitary, intracelial, intracersbellar, intracerebroventricular,
miracolic, miracervical, miregasinic, intrahepatic, inframyocardial, intraosieal, intrapelvic,
intrapericardiac, ntraperitoneal, intrapleural, intraprostatic, intrapulmonary, infrarectal, intrarenal,
intraretinal, intraspinal, intrasynovial, intrathoracic, intrauterine, intravesical, bolus, vaginal,
rectal, buceal, sublingual, intranzasal, and transdermal.

Another aspect of the disclosureinvention provides at least one DLLA4 apti-idiotype antibody to at least
one DLL4 binding protein of the present disclosureinvention. The anti-idiotype antibody includes any
protein or peptide containing molecule that comprises 2t least a portion of an immunoglobulin
molecule such as, but not limited 1o, at least one complementarily determining region ( CDR)of a
heavy or light chain or a ligand binding portion thereof, a heavy chain or light chain variable
region, & heavy chain or light chain constant region, a framework region, and any portion thereof,

that can be incorporated into a binding protein of the present disclosureinvention,

|95
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Any of a variety of immunodetection assay formats may be adapted to employ a DLL4
binding protein of the disclosuretsventron to detect DLL4 in a mixture, solution, or biologica! sample. Such
immunodetection assay formats include but are not limited to radioimmunoassay (RIA),
immunoprecipitation, enzyme-linked immunosorbent assay (ELISA), immunoblot (e.g, Western),
immunostrips (e.g., immunodipsticks) comprising a DLL4 binding protein of the disclosureinvention
adsorbed or immobilized to substrate, FACS, and the like. Detection of DLL4 using a DLL4

binding protein of the digclosureinvention may be conducted in vitro on & mixture, solution, or in biological
sample. A biological sample thet may be contacted with binding protein of the invention to detect

:33a_
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What is claimed is:
1. A binding protein comprising an antigen binding domain capable of binding huma
DLL4, said antigen binding domain comprising at least one or more CDRs selectéd from
the proup consisting of:
5 CDR~H1: X —X,—¥3—¥y~¥s~X¢—%y {(SEQ ID MN0O:99), wherei
X, is § or N;
¥ is 5, G, or N;
X; is §, N, T, G, or R;
Xy is Y3
10 ¥5 1s Y or H;

X, is W: and

X7 is G;
CDR-HZ: Xy —Xp=Ma=KeXa~Ho= ¥ Rg— Ko~ K=Ky —Ko— X9~ K14~ Kio—Xre  (SEQ
ID NO:100), wherein;
15 Xy is D;
X, is I;

X3 is , N,

or R;
20
25
is
X15 iS K; and
30 ¥ 18 8§, N, D, or G:

CDR-H3: X1”Xg_Xg“‘Xg"Xg“Xg"“Xj“XE—Xg"X}G"XII (SEQ ID NOG: 101) P

wherein;

¥, is E, Y, F, ¢, W, , Oor A

X; 1s D, A, S, G, V, E, or N;

X is V, M, L, P, or A;

X is I, A, P, R, S8, K, O, V, G, M, or :
¢ 18 L, ¥, P, or M;
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X is R, G, S, O, or A;
X; is G;
Xg is G, A, or S:
Xy is 5, A, L, V, R, or G;
5 ¥ is D; and
X is Yf B, 5, 8§ H E, R, L, P, C, I, M/T, 0,
or K;
CDR-L1I: X —Hy~XKy~¥—X5—X-Xy~Kg—Xg—Fq10—¥1; (SEQ ID 1102},
wherein;
10 %, is S:
X, is G;
Xy 18- Q, E, or D:
X is R, &, G, M, K, L, or
¥s is L;
15 X; is G:
%7 1s D or E;
Xs is K;
Xy is ¥
X1 is A or V;
206 X is S;
CDR-LZ: XAy Ki~H~X:—X—¥y (SEQ ID NO:103), wherein:
A, E, or F;
25 N, Q, S, or M;
and
30 CDR~ K=K~ Ko Kg—Hs—Hg—Ko-¥g~Xy (SEQ ID NO:104), wherein:
Xy is Q:
Xy is A;
¥y is W;
X, is D;
35 X5 is R, &, M, E, N, G, or K:
¥ 13 D or E;
X, i T, V, A&, 5, or M;
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¥z is G, A, or C; and
Xg is V., .

2. The binding protein according to claim 1, wherein said at least one CDR COIprises A1
5 amino acid sequence selected from the group consisting of: _
residues 31-37 of SEQ ID NO:1 (CDR-H1); residues 52-67 of SEQ ID NO:1 ¢CDR-
H2}; residues 100-110 of SEQ ID NO:1 (CDR-H3);
residues 23-33 of SEQ ID NO:111 (CDR-L1); residues 49-55 of SEQ I¥NO:111
(CDR-L2); residues 88-96 of SEQ ID NO:111 (CDR-L3);
10 SEQID NO:117 (CDR-H1); SEQ ID NO:118 (CDR-H2); SEQ IIYNO:119 (CDR-H3);
SEQID NO:121 (CDR-H1); SEQ ID NO:122 (CDR-H2); SEQAD NO:123 (CDR-H3):
SEQ ID NO:125 (CDR-H1); SEQ ID NO:126 (CDR-H2); SEQ ID NO:127 (CDR-H3);
SEQ ID NO:129 (CDR-HI1); SEQ ID NO:130 (CDR-H2)/SEQ ID NO:131 (CDR-H3);
SEQ ID NO:133 (CDR-H1); SEQ ID N(:134 (CDR-H2); SEQ ID NO:135 (CDR-H3);
i5 SEQIDNO:137 (CDR-H1); SEQ ID NO:138 (CDR-H2); SEQ ID NO:139 (CDR-H3);
SEQ ID NO:141 {CDR-H1); SEQ ID NO:142 (ZDR-H2); SEQ ID NO:143 {CDR-H3);
SEQ ID NO:145 (CDR-H1); SEQ ID NO: 148 (CDR-H2); SEQ ID NO:147 (CDR-H3);
SEQ ID NO:149 (CDR-H1); SEQ ID NOA50 (CDR-H2); SEQ ID NO:151 (CDR-H3);
SEQ ID NO:153 (CDR-H1); SEQ ID jO:154 (CDR-H2); SEQ ID NO:155 (CDR-H3);
20 SEQID NO:157 (CDR-H1); SEQ I NO:158 (CDR-H2); SEQ ID NO:159 (CDR-H3);
SEQ D NO:161 (CDR-H1); SEQID NO:162 (CDR-H2); SEQ ID NO:163 (CDR-H3);
SEQ ID NO:165 (CDR-H1); $EQ ID NO:166 (CDR-H2); SEQ ID NO:167 (CDR-H3);
SEQ 1D NO:169 (CDR-HLY, SEQ ID NO:170 (CDR-H2); SEQ ID NO:171 (CDR-H3);
SEQID NO:173 (CDR-#1); SEQ ID NO:174 (CDR-H2); SEQ ID NO:175 (CDR-H3);
25 SEQID NO:177 (CDR-H1); SEQ ID NO:178 (CDR-H2); SEQ ID NO:179 (CDR~H3)‘;
SEQ ID NO:181 (ZDR-H1); SEQ ID NO:182 (CDR-H2); SEQ ID NO:183 (CDR-H3);
SEQ ID NO:186 (CDR-H1); SEQ ID NO:186 (CDR-H2); SEQ ID NO:187 (CDR-H3);
SEQ ID NOyi89 (CDR-H1); SEQ ID NO:190 (CDR-H2); SEQ ID NO:191 (CDR-H3);
SEQ ID X193 (CDR-H1); SEQ 1D NO:194 (CDR-H2); SEQ ID NO:195 (CDR-H3):;
30 SBQ J8 NO:197 (CDR-H1); SEQ ID N&:198 (CDR-H2); SEQ ID NO:199 (CDR-H3):
SER ID NO:201 (CDR-HL1); SEQ ID NO:202 (CDR-H2); SEQ ID NO:203 (CDR-H3};
EQ ID NO:265 (CDR-H1); SEQ ID NO:206 (CDR-H2); SEQ ID NO:207 (CDR-H3);
SEQID NO:209 (CDR-H1); SEQ ID NO:210 (CDR-H2); SEQ ID NO:211 (CDR-H3);
SEQID NO:213 (CDR-H1); SEQ ID NO:214 (CDR-H2); SEQ ID NO:215 (CDR-H3);
SEQ ID NO:217 (CDR-L1); SEQ ID NO:218 (CDR-L2); SEQ ID NO:219 (CDR-L3);
SEQ iD NO:221 (CPR-L1); SEQ ID NO:222 (CDR-L2); SEQ ID NO:223 (CDR-L3};
SEQ 1D NO:225 (CDR-L1); SEQ ID NO:226 {CDR-L.2); SEQ ID NO:227 (CDR-L3};

»
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SEQ ID NO:229 (CDR-L1); SEQ ID NO:230 (CDR-L2); SEQ ID NO:231 (CDR-L3);
SEQ ID NO:233 (CDR-L1); SEQ ID NO:234 (CDR-L2); SEQ ID NO:235 (CDR-L3);
SEQ ID NO:237 (CDR-L1); SEQ ID NO:238 (CDR-L2); SEQ ID NO:239 {CDR-L3);
SEQ ID NO:241 (CDR-L1); SEQ ID NO:242 (CDR-L2); SEQ ID NO:243 (CDR-I,
5 SEQ ID NO:245 (CDR-L1); SEQ ID NO:246 (CDR-L2); SEQ ID NO:247 (CDRAL3);
SEQ ID NO:249 (CDR-L1); SEQ ID NO:250 (CDR-L2); SEQ ID NO:251 (GBR-L3);
SEQ ID NO:253 (CDR-L1); SEQ ID NO:254 (CDR-L2); SEQ ID NO:255(CDR-L3);

SEQ ID NO:257 (CDR-L1); SEQ ID NO:258 (CDR-L2); SEQ ID NO:249 (CDR-L3);
SEQ ID NO:261 (CDR-L1); SEQ ID NO:262 (CDR-L2); SEQ ID N@:263 (CDR-L3);

10 SEQ ID NO:265 (CDR-L1); SEQ ID NO:266 (CDR-L2); SEQ IDNO:267 (CDR-L3);
SEQ ID NO:26% (CDR-L1}; SEQ ID NO:270 (CDR-L2); SEQAD NO:271 (CDR-L3);
SEQ ID NO:273 (CDR-L1); SEQ ID NO:274 (CDR-L2); SEQ ID NO:275 (CDR-L3);
SEQ ID NO:277 (CDR-L1); SEQ ID NO:278 (CDR-L2)/SEQ ID NO:279 (CDR-L3);
SEQ ID NO:281 (CDR-L1); SEQ ID NO:282 (CDR-J£2); SEQ ID NO:283 (CDR-L3);

i5 SEQ ID NO:285 (CDR-L1); SEQ ID NO:286 (CDK-L2); SEQ ID NO:287 (CDR-L3);
SEQ ID NO:289 (CDR-L1); SEQ ID NO:290 DR-L2); SEQ ID NO:291 (CDR-L3);
SEQ ID NO:293 (CDR-L1); SEQ ID NO:294 (CDR-L2); SEQ ID NO:295 (CDR-L3);
SEQ ID NO:297 (CDR-L1); SEQ ID NO/Z98 (CDR-L2}; SEQ ID NO:299 (CDR-L3);
SEQ ID NO:301 (CDR-L1); SEQ ID HO:302 (CDR-L.2); SEQ ID NO:363 (CDR-L3);

20 SEQ ID NO:305 (CDR-L1); SEQ 1P NO:306 (CDR-L.2); SEQ ID NO:307 (CDR-L3);
SEQIDNO:309 (CDR-L1); SE@ ID NO:310 (CDR-L2); SEQ ID NO:311 (CDR-L3);
SEQ IDNO:313 (CDR-L1); #EQ ID NO:314 (CDR-L2); SEQ ID NO:315 (CDR-L3);
residues 31-37 of SEQ ID NO:334 (CDR-H1); residues 52-67 of SEQ ID NO:334 {CDR-
H2); residues 100-110 of SEQ ID NO:334 (CDR-H3);

25 residues 23-33 of SBEQ ID NO:3353 (CDR-L1); residues 49-55 of SEQ 1D NO:335 (CﬁR-
L.2); residues 88-96 of SEQ ID NO:335 (CDR-L3);
residves 31-37/4f SEQ ID NO:336 (CDR-H1); residues 52-67 of SEQ ID N(O:336 (CDR-
H2); residugs 100-110 of SEQ ID NO:336 (CDR-H3);
residues 23-33 of SEQ ID NO:337 (CDR-L1); residues £9-55 of SEQ ID NO:337 {CDR-

30 L2); #sidues 88-96 of SEQ ID NO:337 (CDR-L3);

tegidues 31-37 of SEQ ID NO:338 (CDR-H1); residues 52-67 of SEQ ID NO:338 (CDR-

2); residues 100-110 of SEQ ID NO:338 (CDR-H3);

residues 23-33 of SEQ ID NO:339 (CDR-L1); residues 49-55 of SRQ I NO:339 (CDR-

L.2); residues 88-96 of SEQ ID NO:339 (CDR-L3);

residues 31-37 of SEQ ID NO:340 (CDR-H1); residues 52-67 of SEQ 1D NO:340 (CDR-

H2); residues 100-110 of SEQ ID NO:340 (CDR-H3);
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residues 23-33 of SEQ ID NO:341 (CDR-L1); residues 49-55 of SEQ ID NO:341 {C
L2); residues 88-96 of SEQ ID NO:341 (CDR-L3);
residues 31-37 of SEQ ID NO:342 (CDR-H1); residues 52-67 of SEQ ID NO:3 {CDR-
H2j; residues 100-110 of SEQ ID NO:342 (CDR-H3);

residues 23-33 of SEQ 1D NO:343 (CDR-L1); residues 49-55 of SEQ ID
L.2Y; residuss 88-96 of SEQ ID NO:343 {CDR-L3);
residues 31-37 of SEQ ID NO:344 (CDR-H1); residues 52-67 of SE@ ID NO:344 {CDR-
H2); residues 100-110 of SEQ ID NO:344 (CDR-H3);
residues 24-34 of SEQ ID NO:345 (CDR-L1Y; residues 50-56
L.2); residues 89-97 of SEQ ID NO:345 (CDR-L3);
residues 31-37 of SEQ ID NO:346 (CDR-H1); residues
H2); residues 100-110 of SEQ ID NO:346 (CDR-H3Y;
residues 23-33 of SEQ ID NO:347 (CDR-L1); resigfes 49-55 of SEQ 1D NO:347 (CDR-

:343 (CDR-

SEQ ID NO:345 (CDR-

-67 of SEQ ID NO:346 (CDR-

residues 24-34 of SEQ ID NO:349 (C
L.2); residues 89-97 of SEQ ID NO:

residues 31-37 of SEQ ID NO:3SH (CDR-H1); residues 52-6

-L1}; residues 50-56 of SEQ ID NO:349 (CDR-
349 (CDR-L3);

H2); residues 100-110 of SEQ/ID NO:350 (CDR-H3);

residues 24-34 of SEQ ID HO:351 (CDR-L1); residues 50-56 of SEQ [D NO:351 (CDR-
L.2); residues 89-97 of SEQ ID NO:351 (CDR-L3);

residues 31-37 of SEQ ID NO:352 (CDR-H!1}; residues 52-67 of SEQ ID NO:352 (CDR-
H2j; residues 100-710 of SEQ ID NO:352 (CDR-H3); ‘
residues 24-34 gf SEQ 1D NO:353 (CDR-L1); residues 50-56 of SEQ 1D NO:353 (CDR-
L2}, residues/89-97 of SEQ ID NO:353 (CDR-L3);

residues 34-37 of SEQ 1D NO:354 (CDR-H1); residues 52-67 of SEQ ID NO:354 (CDR-
H2); refdues 100-110 of SEQ ID NO:354 (CDR-H3);

resigdues 24-34 of SEQ ID NO:355 (CDR-L1); residues 50-56 of SEQ ID NO:353 (CDR-~
L2); residues 89-97 of SEQ I NO:355 (CDR-L3);

residues 31-37 of SEQ 1D NO:356 (CDR-H1); residues 52-67 of SEQ ID NO:356 (CDR-
H2j; residues 100-110 of SEQ ID NG:356 (CDR-H3);

residues 23-33 of SEQ ID NO:357 (CDR-L1); residues 49-55 of SEQ 1D NO:357 (CDR-
L.2); residues 88-96 of SEQ ID N(:357 (CDR-L3);

residues 31-37 of SEQ ID NO:358 (CDR-H1); residues 52-67 of SEQ ID NO:358 (CDR-
H2); residues 100-110 of SEQ ID NO:358 (CDR-H3Y,
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residues 23-33 of SEQ ID NO:359 {CDR-L1), residues 49-55 of SEQ ID NO:359 (CDR-
1.2); residues 88-96 of SEQ ID NO:359 (CDR-L3);

residues 31-37 of SEQ ID NO:360 (CDR-H1); residues 52-67 of SEQ ID NO:360 (CD
H2); resicues 100-110 of SEQ ID NO:360 (CDR-H3);

residues 23-33 of SEQ ID NO:361 (CDR-L1); residues 49-55 of SEQ ID NO:361 fCDR-
L2); residues 88-96 of SEQ ID NO:361 {CDR-L3),

The binding protein according to claim 2, wherein said binding protein cgmprises at least
3 CDRs.

The binding protein according to claim 3, wherein said at least ¥CDRs comprises a

variable domain CDR set selected from the group consisting 4F:

VH E9 CDR Set

CDR-HI: residues 31-37 of SEQ 1D NO:1
CDR-H2: residues 52-67 of SEQ ID NO:1
CDR-H3 residues 100-110 of SEQ 1D NG/
VL E9 CDR Set

CDR-L1: residues 23-33 of SEQ IDANO:111
CDR-LZ: residues 49-55 of SEQ 1D NO:111
CDR-L3: residues 88-96 of SEQ ID NO:111
VH E9.4 CDR Set

CDR-HI1: SEQ ID NO:

CDR-H2: SEQ ID Ng:118

CDR-H3: SEQ IDANG:119

VL E9.4 CDR Set

CDR-L1: SEQ ID NO:229

CDR-L2: SEQ ID NO:230

CDR-L3: SEQ ID NO:231

CDR Set
SEQ ID NO:121
SEQ IDNO:122
SEQ ID NO:123
VL E9.11 CDR Set
CDR-L1: SEQ ID NO:233
CDR-L2: SEQ IDNQO:234
CDR-L3: SEQ ID NO:235
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VYH ES.14 CDR Set

CDR-HI: SEQ ID NO:125
CDR-H2: SEQ ID NO:126
CDR-H3: SEQ ID NO:127
5 VL E9.14 CDR Set
CDR-L1: SEQ iD NO:237
CDR-L2: SEQ ID NO:238
CDR-L3: SEQ ID NO:239
VHE9.17 CDR Set
106 CDR-H1: SEQ ID NO:129
CDR-B2: SEQ ID NO:130
CDR-H3: SEQ ID NO:13]
VL E9.17 CDR Set
CDR-L1: SEQ ID NO:241
15 CDR-L2; SEQ ID NO:242
CDR-L3; SEQ ID NO:243
VH E9.18 CDR Set
CDR-H1: SEQ IDNO:133
, CDR-H2: SEQ IDNC:134
20 CDR-H3: SEQ ID NO:135

VL E9.18 CDR Set

CDR-LI: SEQ ID NO:
CDR-L2: SEQ ID N@i:246
CDR-L3: SEQ IDNO:247

25 VH ES.19 CDR Set
CDR-HI: SREQ IDNO:137
CDR-HZ: SEQ ID NO:138
CDR-H3 SEQ IDNO:139

CDR Set
SEQ ID N(:249
SEQ ID NO:250
SEQ IDNO:251
VH E9.22 CDR Set
CDR-HIL: SEQ IDNO:141
CDR-H2: SEQ ID NO:142
CDR-H3: SEQ ID NO:143

30
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VL.E9.22 CDR Set

CDRLI:  SEQIDNO:253
CPRL2:  SEQIDNO:254
CDR-L3:  SEQIDNO:255
VH E9.48 CDR Set

CDR-HI:  SEQIDNO:145
CDR-H2  SEQIDNO:146
CDR-H3: SEQ ID NO:147
VL E9.48 CDR Set

CDR-L!: SEQ ID NO:257
CDR-L2: SEQ ID NO:258
CDR-L3: SEQ IDNO:259
VH E9.65 CDR Set

CDR-HI:  SEQIDNO:149
CDR-H2:  SEQIDNO:I50
CDR-H3:  SEQIDNO:I51
VL £9.65 CDR Set

CDR-LL:  SEQIDNO:261
CDR-L2: SEQ ID NO:262
CDR-L3:  SEQIDNO:263
VH E9.66 CDR Set

CDR-HI:  SEQ ID NOy53
CDR-H2:  SEQ ID NO:154
CDR-H3:  SEQ I¥NO:155

VI E9.66 CDR Set
CDR-L1:
CDR-L2:

SEQ ID NO:266

SEQ ID NO:267

YHES. M CDR Set

11: SEQ IDNO:157
-H2: SEQ ID N(O:158

DR-H3: SEQ ID NO:159

VL ES.71 CDR Set

CDR-1.1: SEQ IDNO:269
CDR-L2: SEQ IDNO:270
CDR-L3: SEQ ID NO:271
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YHEES.13 CDR Set

CDR-HI: SEQ IDNO:161

CDR-H2; SEQ ID NO:162
CDR-H3: SEQ ID NO:163

VL E9.13 CDR Set

CDR-L1: SEQ ID NO:217
CDR-L2: SEQ ID NO:218
CDR-L3: SEQ ID NO:219
VH E9.16 CDR Set

CDR-HI: SEQ ID NO:165
CDR-H2: SEQ ID NO:166
CDR-H3: SEQ ID NO:167
VL E9.16 CDR Set

CDR-LI: SEQ ID NO:221
CDR-L2: SEQ ID NO:222
CDR-L3: SEQ ID NO:223
VH E9.38 CDR Set

CDR-Hi: SEQ ID NO:169
CDR-H2: - SEQIDNO:170
CDR-H3: SEQ ID NO:17
VL E9.38 CDR Set

CDR-L1: SEQ ID ¥0:225
CDR-L2: SEQ J NO:226

CDR-L3: IDNO:227

SEQ ID NO:173
CDR-H2: SEQ ID NO:174
SEQ ID NO:175

SEQ ID NO:273
CDR-L2: SEQ IDNQO:274
CDR-L3: SEQ 1D NO:275
VH E9.1F CDR Set

CDR-HI: SEQ ID NO:77
CDR-H2; SEQ IDNO:178
CDR-E3: SEQ IDNO:179
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VL E9.1F CDR Set

CDR-L1:
CDR-L2:
CDR-13:

SEQ IDNO:277
SEQ IDNG:278
SEQ ID NO:279

VH ES.108H CDR Set

CDR-HI:
CDR-H2:
CDR-H3:

SEQ ID NO:181
SEQ IDNO:182
SEQ ID NO:183

VI EG.10H CDR Sef

CDR-L1:
CDR-L2:
CDR-L3:

SEQ ID NO:301
SEQ ID NO:302
SEQ ID NO:303

VHES.5E CDR Set

CDR-HI1:
CDR-~-H2Z:
CDR-H3;

SEQ IDNO:185
SEQ ID NO:186
SEQ ID NO:187

VL E9.5E CDR Set

CDR-LI:
CDR-1.2:

CDR-L3:

SEQ IDNO:293
SEQ IDNO:254
SEQ IDNO:295

YH ES.10C CDR Set

CDR-HI:
CDR-HZ:
CDOR-H3:

SEQ ID NO: 49

SEQ 1D NO:282
SEQ ID NG:283

DR-H3:

SEQ ID NO:193
SEQ ID NO:194
SEQ ID NO:195

VL ES.7E CDR Set

CDR-L1:
CDR-L2:
CDR-L3:

SEQ D NG:28%
SEQ ID NO:290
SEQ IDNO:251
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VH ES.12B CDR Set

CDR-HI:  SEQIDNO:197
CDR-H2; SEQ ID NO:198
CDR-H3: SEQ ID NO:199
5 VL E9.12B CDR Set
CDR-LI: SEQ ID NO:297
CDR-L.2: SEQ ID NQO:298
CDR-L3: SEQ 1D NO:299
VH E9.10E CDR Set
10 CDR-HI: SEQ ID NO:201
CDR-H2: SEQ ID NO:202
CDR-H3: SEQ ID NO:203
VL E9.10E CDR Set
CDR-LI: SEQ ID NO:285
15 CDR-L2: SEQ ID NO:286
CDR-L3: SEQ ID NO:287
VH E9.6A CDR Set
CDR-HI: SEQ ID NO:205
CDR-H2: SEQ ID NO:206
20 CDR-H3: SEQ 1D NO:207
VL E9.6A CDR Set
CDR-LI: SEQ 1D NO:305
CDR-L2: SEQ 1D NE:306
CDR-L3: SEQ IMYNQ:307
25 VH E9.7A CDR Set
CDR-HI: Q IDNO:209
CDR-H2; SEQ ID NO:210
CDR-H3: SEQ ID NO:211
VL E9.7X CDR Set
30 I SEQ ID NO:309
CDR-L2: SEQ IDNO:310
DR-L3: SEQ ID NO:311

YH E9.8H CDR Set

CDR-HI: SEQ ID NO:213
CDR-H2: SEQ IDNO:214
CDR-H3: SEQ IDNO:215
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VL F9.8H CDR Set

CDR-L1: SEGQ ID NO:313
CDR-L2:  SEQIDNO:314
CBhR-L3: SEQ ID NO:315
5 VHES.1 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO;334
CDR-H2: residues 52-67 of SEQ ID NO:334
CDR-H3:  residues 100-110 of SEQ ID NO:334
VL E%.1 CDR Set
10 CDR-L1: residues 23-33 of SEQ I NO:335
CDR-L2: residues 49-55 of SEQ ID NO:335
CDR-L3: tesidoes 8896 of SEQ ID NO:3335
VH E9-SE1 CDR Set
CDR-Hi: residues 31-37 of SEQ I NO:336
5 CDR-H2: residues 52-67 of SEQ ID NO:336,
CDR-H3: residues 100-110 of SEQ ID NGJ:336
VL. E9-SEl CDR Set
CDR-L1: residues 23-33 of SEQ IDYNO:337
CDR-L2: residues 49-35 of SEQAD N(::337
20 CDR-13: residues 88-96 of SEQ 1Ty NO:337
VH E9-SE2 CDR Set

CDR-H1: residues 31-37 of SEQ ID NG:338

CDR-H2: residues 52-67 of SEQ ID N(O:338

CDOR-H3: residues’ 100-110 of SEQ 1D NO:338
25 VL ES-SE2 CDR Se

CDR-L1: refidues 23-33 of SEQ 1D NO:33%

CDR-L2:
CDR-L3:;

residues 49-55 of SEQ ID NO:339
residues 88-96 of SEQ ID NO:339
30 residues 31-37 of SEQ 1D NO:340
residues 52-67 of SEQ ID NO:340
residues 100-110 of SEQ ID NO:340
VL E9-SE3 CDR Set

CDR-L1: resicues 23-33 of SEQ ID NO:341
CDR-LZ; residues 49-35 of SEQ ID NO:341
CDR-L3: residues 88-96 of SEQ ID N(»:341
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VH ES-SE4 CDR Set

CDR-HI: residues 31-37 of SEQ ID NO:342
CDR-H2: residues 52-67 of SEQ ID NO:342
CDR-H3: residues 100-110 of SEQ ID NG:342
VL E9-SE4 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:343
CDR-L2: residues 49-55 of SEQ ID NO:343
CDR-L3: residues 88-96 of SEQ ID N(O:343
VH E9-SE5 CDR Set
CDR-HI: residues 31-37 of SEQ I'D NO:344
CDR-H2: residues 52-67 of SEQ ID NO:344
CDR-H3: residues 100-110 of SEQ 1D NO:344
VI E9-SE5 CDR Set
CDR-LI: residues 24-34 of SEQ ID NO:345
CDR-L2: residues 50-56 of SEQ ID N(¥345
CDR-L3: residues 89-97 of SEQ ID KO:343
VH ES-SE6 CDR Set
CDR-Hi: residues 31-37 of SBQ ID NO:346
CDR-H2: residues 52-67 of SEQ 1D NO:346
CDR-H3: residues 100-140 of SEQ ID NO:346
VL E9-SE6 CDR Set
CDR-L1: residues23-33 of SEQ 1D NO:347
CDR-L2:  residybs 49-55 of SEQ ID NO:347
CDR-L3: regidues 88-96 of SEQ 1D NO:347
VH ES-SE7 CER Set
CDR-H1: residues 31-37 of SEQ ID NO:348
CDR-H2; residues 52-67 of SEQ 1D NO:348
CDR-H3: residues 100-110 of SEQ ID NO:348
R-L.1: residues 24-34 of SEQ ID NO:349
CDR-L2: residues 5056 of SEQ ID NO:349
CDR-L3: regicdues 89-97 of SEQ 1D NO:349
VH E9-SEE CDR Set
CDR-HI1: residues 31-37 of SEQ ID NO:350
CDR-H2: residues 52-67 of SEQ ID NC:350
CDR-H3: residues 100-110 of SEQ ID NO:350
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VL E9-SE8 CDR Set

CDR-Li: residues 24-34 of SEQ ID NO:351
CDR-L2: residues 30-56 of SEQ ID NO;351
CDR-L3: residues 89-97 of SEQ ID NO:351
5 VH ES-FR! CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:352
CDR-H2: regidues 52-67 of SEQ 1D NQ:352
CDR-H3: residues 100-110 of SEQ [D NO:352
VL E9-FRI1 CDR Set
10 CDR-L1: residues 24-34 of SEQ ID NOQ:353
CDR-L2: residues 50-36 of SEQ ID NO:353
CDR-L3: residues 89-97 of SEQ ID N(Q:353
VH E9-FRZ CDR Set
CDR-H1: residues 31237 of SEQ ID NO:354
I3 CDR-H2Z: residues 52-67 of SEQ ID NO:334
CDR-H3: resicues 100-110 of SEQ ID NO/354
VL E9-FR2 CDR Set
CDR-LI: residues 24-34 of SEQ IDNO:355
CDR-LZ: residues 50-56 of SEQ FD NO:355
20 CDR-L3: residues 89-97 of SBQ ID NO:355

VH E9.71 CDR Set

CDR-HI1: residues 31-370f SEQ ID NO:356
CDR-H2: residues 52467 of SEQ ID NO:356
CDR-H3: residues/100-110 of SEQ ID NO:356

25 VL E9.71 CDR Set
CDR-L1: regidues 23-33 of SEQ ID NO:357
CDR-L2 Tesidues 49-55 of SEQ ID NO:357

residues 88-96 of SEQ 1D NO:3s57
M) CDR Set
regidues 31-37 of SEQ ID NO:358
residues 52-67 of SEQ ID NO:358
residues 100-110 of SEQ ID NO:358
VL E9.71{M) CDR Set

30

CDR-L1: residues 23-33 of SEQ ID NO:359
CDR-L.2: residues 49-35 of SEQ I NO:359
CDR-L3: residues 88-96 of SEQ ID N(:359
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YHES.7UILYCDR Set
CDR-HI: residues 31-37 of SEQ ID NO:360
CDR-H2: residues 52-67 of SEQ ID NO:360
CDR-H3: residues 100-110 of SEQ ID NO:360
5 VLEOJI(L)CDR Set
CDR-L1: residues 23-33 of SEQ 1D NO:361
CDR-L2: residues 49-55 of SEQ ID NO:361
CDR-L3: residues 88-96 of SEQ IDNO:361
10 5. The binding protein according to claim 4, comprising at least two vatiable domain CDR
sets.
6. The pinding protein according to claim 5, wherein said at Jeast two variable domain CDR

sets are selected from a group consisting of:
15 VH E9 CDR Set and VL. E9 CDR Set,
VH E9.4 CDR Set and VL 9.4 CDR Set,
VH E9.11 CDR Setand VL E9.11 CDR Set,
VH E9.14 CDR Set and VL E9.14 CDR 8¢,
VH ES.17 CDR Set and VL E$.17 COR Set,
20 VH E2.18 CDR Set and VL E9.18 CDR Set,
VH E9.19 CDR Sat and VL E9.J9 CDR Set,
VH ES.22 CDR Set and VL. E®.22 CDR Set,
VH £9.48 CDR Set and VY E9.48 CDR Set,
VH E9.65 CDR Set and/VL EY.65 CDR Set,
25 VH E9.66 CDR Set ghd VL E9.66 CDR Set,
VH E9.71 CDR Sétand VL E9.71 CDR Set,
VH E9.13 CDR Set and VL E9.13 CDR Set,
VH E9.16 GDR Set and VL E9.16 CDR Set,
VH E9.38 CDR Set and VL E9.38 CDR Set,
30 VH B9.2B CDR Set and VL E9.2B CDR Set,
E9,1F CDR Set and VL E9.1F CDR Set,

H E9.10H CDR Set and VL E9.10H CDR Set,
VH E9.5E CDR Setand VL ES.5E CDR Set,
VH E9.16C CDR Setand VL E9.10C CDR Set,
VH E9.7E CDR Set and VL E9.7E CDR Set,
VI E9.12B CDR Setand VL E9.12B CDR Set,
VH E9.10E CDR Set and VL E9.1GE CDR Set,
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VH E9.6A CDR Set and VL E9.6A CDR Set,
VH E9.7A CDR Set and VL B9.7A CDR Set,
VH E9.8H CDR Set and VL E9.8H CDR Set,
VH E9-SEi CDR Set and VL E9-SEL CDR Set,
VH E9-SE2 CDR Set and VL E9-SE2 CDR Set,
VH E9-SE3 CDR Set and VI, E9-SE3 CDR Set,
VH E9-SE4 CDR Set and VL E9-SE4 CDR Set,
VH E9-SE5 CDR Set and VL E9-SES CDR Set,
VH E9-SE6 CDR Set and VL E9-SE6 CDR Set,
VH E9-SE7 CDR Set and VL E9-SE7 CDR Set,
VH E9-SE8 CDR Set and VL E9-SES CDR Set,
VH E9-FR1 CDR Set and VL E9-FR1 CDR Set,
VH E9-FR2 CDR Set and VL E9-FR2 CDR Set,
VH E9.71 CDR Set and VL E9.71 CDR Set,
VH E9.71(M) CDR Set and VL E9.71(M) CDR Set/and
VH E9.71(L) CDR Set and VL E9.71(1) CDR S4L.

Claims 1-6, further comprising a human

acceptor framework.

The binding protein according to £laim 7, wherein said human acceptor framework
comprises an amino acid sequefice selected from the group consisting of:

heavy chain acceptor framesvork sequences SEQ 1D NOS:6-22,

ences SEQ ID NOS:33-62,

uences SEQ 1D NOS:23-34, and

light chain acceplof sequences SEQ ID NOS:63-98.

heavy chain acceptor s

light chain acceptor

The bindingrotein according to claim 7 or claim 8§, wherein said human acceptor
framewopk comprises at teast one framework region amino acid substitution, wherein the
aming/acid sequence of the framework is at least 65% identical to the sequence of said
hupfian acceptor framework and comprising at least 70 amino acid residues tdentical to

aid human acceptor framework.

The binding protein according to claim 8, wherein said human acceptor framework
comprises at least one framework region amino acid substitution at a key residue, said key
residue selected from the group consisting of:

a residue adjacent to a CDR;
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a glycosylation site residue;
a rare residue;
a residue capable of interacting with human DLL4
a canonical residue;
5 & contact residue between heavy chain variable region and light chain vafiable
region;
a residue within a Vemier zone; and
a residue in a region that overlaps between a Chothia-defined vdriable heavy
chain CDR1 and 2 Kabat-defined first heavy chain framew
10
11 The binding protein according to claim 10, wherein key residyé selected from the SIOUp
consisting of: 2H, 4H, 24H, 26H, 27H, 29H, 34H, 35H, 37/, 39H, 44H, 45H, 47H, 48H,
49H, 50H, 51H, 58H, 59H, 60H, 63H, 67H, 69H, 71H, 75H, 76H, 78H, 91H, 93H, 94H,
2L, 4L, 25L, 291, 27bL, 33L, 341, 36L, 38L, 43L, 444, 46L, 47L, 48L, 49L, 55L,, 58L,
15 621, 64L, 71L, R7L, 89L, 90L, 91L, 94L., 95L.

12, The binding protein according to claim 11, where the binding protein is a consensus

human variable domain.

20 13 The binding protein according to cldim 1, where said binding protein comprises at least
one variable domain having amido acid sequence selected from the group consisting of:
SEQID NOS:1, 111, 116, 228, 120, 232, 124, 236, 128, 240, 132, 244, 136, 248, 140,
252, 144,256, 148, 260, 152, 264, 156, 268, 160, 216, 164, 220, 168, 224, 172, 272, 178,
276, 180,300, 184, 297/188, 280, 192, 288, 196, 296, 200, 284, 204, 304, 208, 303, 212,

25 312, 334,335,336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350,
351, 352,353, 354, 355, 356, 357, 358, 359, 360, and 361,

14. The binding'protein according to claim 13, wherein said binding protein commprises two
variable domaing, wherein said two variable domains have amino acid sequences setected

30 from the group consisting of: SEQ ID NOS:1 and 111, SEQ 1D NOS:116 and 228, S8EQ
IYNOS:120 and 232, SEQ ID NOS:124 and 236, SEQ ID NOS:128 and 240, SEQ ID

(08:132 and 244, SEQ ID NOS:136 and 248, SEQ ID NOS:140 and 252, SEQ ID
NOS:144 and 256, SEQ 1D NOS:148 and 260, SEQ ID NOS:152 and 264, SEQ ID
NOS:156 and 268, SEQ ID NOS: 160 and 216, SEQ ID NOS: 164 and 220, SEQ ID
NOS:168 and 224, SEQ ID NOS:172 and 272, SEQ ID NOS:176 and 276, SEQ ID
NOS:180 and 300, SEQ ID NOS:184 and 292, SEQ ID NOS:188 and 280, SEQ ID
NOS:192 and 288, SEQ ID NOS:196 and 296, SEQ D NOS:200 and 284, SEQ ID
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15

16.

18,

i9,

NOS:204 and 304, SEQ ID NOS:208 and 308, SEQ ID NOS:212 and 312, SEQ ID
NOS:334 and 335, SEQ ID NOS:336 and 337, SEQ ID NOS:338 and 339, SEQ ID
NOS:340 and 341, SEQ ID NOS:342 and 343, SEQ ID NOS:344 and 345, SEQ ID

. NOS:346 and 347, SEQ ID NOS:348 and 349, SEQ ID NOS:350 and 351, SEQ ID

NOS:352 and 353, SEQ ID NOS:354 and 355, SEQ 1D NOS:356 and 357, SEQ 1
NOS:358 and 359, SEQ ID NOS:360 and 361,

The binding protein according to claim 11, wherein said binding protein ¢émprises at
least one variable domain having an amino acid sequence selected from the group
consisting of: SEQ ID NOS:1, 111, 116, 228, 120, 232, 124, 236, 128, 240, 132, 244,
136, 248, 140, 252, 144, 256, 148, 260, 152, 264, 156, 268, 160,216, 164, 220, 168, 224,
172,272,176, 276, 180, 300, 184, 292, 188, 280, 192, 288, 196, 296, 200, 284, 204, 304,
208, 308,212, 312,334, 335, 336, 337, 338, 339, 340, 34 )/ 342, 343, 344, 345, 346, 347,
348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, and 361.

The binding protein according to claim 2 whereiy/said antigen binding domain comprises
a V]{.

The bincing protein according to claim 46 wherein said Vi, comprises an amino acid
sequence selected from the group cogsisting of:

SEQ ID NOS:1, 116, 120, 124, 128, 132,136, 140, 144, 148, 152, 156, 160, 164, 168,
172, 176, 180, 184, 188, 192, 106, 200, 204, 208, 212, 334, 336, 338, 340, 342, 344,
346, 348, 350, 332, 354, 358, 358, and 360.

The binding protein gécording to claim 2 wherein said antigen binding domain comprises
a V[d.

The binding/protein according to claim 18 wherein said Vy comprises an amino acid

sequenceselected from the group consisting of:

SEQ IDNOS:111, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 216, 220, 224,

272, 276, 300, 292, 280, 288, 206, 284, 304, 308, 312, 335, 337, 339, 341, 343, 345, 347,
49, 351, 353, 3535, 357, 359, and 36].

The binding protein according to claim 2 wherein said antigen binding domain comprises
aVyanda Vi
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21,

22,

23,

24,

25,

26.

27.

The binding protein according to claim 19 further comprising a Vy wherein said Vi
comprises an amino acid sequence selected from the group consisting oft

SEQ ID NOS:L, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168,
172,176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 334, 336, 338, 340, 342, 344,
346, 348, 350, 352, 354, 356, 358, and 360.

The binding protein according to claim 20 wherein said Vi comprises an amfnho acid

sequence selected from the group consisting of:

SEQ ID NOS:111, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 216, 220, 224,
272,276, 300, 292, 280, 288, 256, 284, 304, 308, 312, 335,337, 339, 341, 343, 345, 347,
349, 351, 353, 355,357, 359, and 361.

The binding protein according 1o claim 2, further comprisfng a heavy chain
immunoglobulin constant domain selected from the gydup consisting of: a human IgM
constant domain; a human IgG1 constant domain; human IgG2 constant domain; a
human Ig(3 constant domain; a human IgG4 codstant domain; a human 1gE constant

domain and a human IgA constant domain.

The binding protein according to clainy23 wherein said heavy chain immunoglobulin

constant region domain is a human ¥g(G1 constant dormain.

The binding protein according o claim 24 wherein said human IgG] constant domain
comprises amino acid seqpénce selected from the group consisting of SEQ ID NO:2 and
SEQ ID NO:3,

The binding protgin according to clairn 2, further comprising a light chain
immunogloby#n constant domain selected from the group consisting of: & human Ig

kappa congtant domain and a human Ig lambda constant domain.

The pinding protein according to claim 26 wherein said light chain immunogiobutin
cofistant region domain is a human Ig kappa constant domain comprising amino acid
secuence SEQ ID NO:4,

The binding protein according to claim 26 wherein said light chain immunoglobulin
constant region domain ig a human Ig lambda constant domain comprising aminoe acid
sequence SEQ ID NG:5.
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29,

30.

32

33.

The binding protein according to Ciaim 1 wherein said binding protein is selected from
the group consisting of: an immunoglobulin molecule, an s¢Fv, a monoclonal antibody, a
human antibody, a chimeric antibody, a humanized antibody, a single domain antibody,
Fab fragment, 2 Fab’ fragment, an F(ab"),, an F.v, a disutfide linked Fv, a single domat
antibody, a diabody, a multispecific antibody, a bispecific antibody, and & dual spegific
antibody.

The binding protein according to claim 29 wherein said binding protein is4 human

antibody.

A binding protein capable of binding human DLL-4, said binding protein comprising:

an Ig constant heavy region having an amino acid sequence sglected from the group
consisting of SEQ ID NQ:2 and SEQ ID NO:3;

an Ig constant fight region having an amino acid sequep€e selected from the group
consisting of SEQ ID N(O:4 and SEQ ID NQ:5;

an Ig variable heavy region having an amino acig/Sequence selected from the group
congistng:

SEQ ID NOS:1, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168,
172,176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 334, 336, 338, 340, 342, 344, 346,
348, 350, 352, 354, 356, 358, and 364; and

an Ig variable light region havingAn amino acid sequence selected from the group
consisting:

SEQID NOS:111, 228, 232/ 236, 240, 244, 248, 252, 256, 260, 264, 268, 216, 220, 224,
272,276, 300, 292, 280,/288, 296, 284, 304, 308, 312, 335, 337, 339, 341, 343, 345, 34
349, 351, 353, 355, 347, 359, and 361. )

3

The binding prgfein according to Claim 31, wherein the Ig constant light region is SEQ
1D NO:S.

The bifding protein according te any one of Claims 1-32, wherein the binding protein is
capeble of blocking DILL4 interaction with a Notch protein selected from the group

onsisting of Notch-1, Notch-2, Noich-3, Notch-4, and combinations thereof,

The binding protein according 1o Claim 33, wherein the binding protein is capable of

blocking DLL4 interaction with Notch-1 and Notch-4.
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35.

36.

37.

38,

39.

40.

41.

42.

43.

The binding protein according to Claim 33, wherein the binding protein is capable of
blocking DLL4 interaction with Notch-1.

The binding protein according to claim 33, wherein the binding protein is capable of

blocking DLLA interaction with Notch-4,

The binding protein according to any one of Claims 1-32, wherein the bindipg protein is

capable of modulating a biological function of DLL4.

The binding protein according to eny one of Claimns 1-32, wherein gaid binding protein is

capable of neutralizing a DLLA4,

The neutralizing binding protein according to claim 38 whtrein said DLL4 is selected
from the group consisting of: human DLL4, mouse DILE4, cynomolgus DLE4, and rat
DLLA4,

The neutralizing binding protein according toClaim 38 wherein said neutralizing binding

protein diminishes the ability of DLLA o bind to its recepior,

The neutralizing binding protein acegrding to claim 38 wherein said neutralizing binding

protein 18 capable of reducing nopmal angiogenesis.

The neuvtralizing binding prdtein according io claim 38, wherein said neutralizing binding
protein has a dissociatioy constant (Kp) selected from the group consisting of: at most
about 107 M: at mosyhbout 107 M: at most about 107 M; at most about 107° M; at most
about 1077 M; at tiost about 1072 M: and at most 1077 M.

The neutralizing binding protein according to claim 38, wherein said neutralizing binding
protein haé an on rate selecied from the group consisting of: at least about 10°Ms™; at

least about 10°M's™; at least about 10*M's™; at least about 16°M™7s™"; and at least about

The neutralizing binding protein according to claim 38, wherein said neuvtralizing binding
protein has an off rate selected from the group consisting of: at most about 107s7; at most

about 107s7; at most about 1077 and at most about 107%™,

160



16

20

25

30

WO 2011/025964 PCT/US2010/047G06

45,

46.

47

48.

49,

50,

A labeled binding protein comprising & binding protein of any one of Claims 1-32,

wherein said binding protein is conjugated o a detectable label.

The labeled binding protein of Claim 45, wherein the detectable iabel is selected frowd the

An antibody construct comprising a binding protein described i any of Claims 1-32 and

further comprising a linker polypeptide or an immunoglobulif constant domain.

The antibody construct according to claim 48, selected/From the group consisting of:
an immunoglobulin molecules,
a monoclonal antibody,
a chimeric antibody,
a CDR-grafted antibody,
a humanized antibody
a Fab,
a Fab’,
a F(ab'),
a Fv,

a disulfyie linked Fv,

a gmgle domain antibody,

& diabody,

a multispecific antibody,

a dual specific antibody, and
a bispecific antibody.

e antibody construct according to claim 48, wherein said antibody construct comprises
a heavy chain immunoglobulin constant domain selected from the group consisting of:
a human IgM constant domain,
a human IgG1 constent domain,

a human IgG2 constant domain,

a human Ig(G3 constant domain,
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51.

52,

L
R

35.

56.

57

58.

60,

a human IgG4 constant domain,
a human IgE constant domain,
a human TgA constant domain,
and a Ig(G constant domain variant with one or more mutations alteri

binding strength to Fc neonatal receptor, Fc gamma receptors, or

The antibody construct according to claim 48, comprising an immunogiobulfh constant

domain having an amino acid sequence selected from consisting of: SEQ/ID NO:2, SEQ
ID NO:3, SEQ ID NO:4, SEQ ID-NO:5, and combinations thereof,
An antibody conjugate comprising an antibody construct as despfibed in Claim 48,

wherein said antibody construct is conjugated to a therapeutig/or cytotoxic agent.

The antibody conjugate of Claim 52, wherein said therabeutic or cytotoxic agent is
selected from the group consisting of: an anti-metabdlite, an alkylating agent, an
antibiotic, a growth factor, a cytokine, an anti-anglogenic agent, an anti-mitotic agent, an

anthracycline, toxin, and an apoptotic agent.

An isolated nucleic acid encoding a polypeptide selected from the group consisting ofs 2
polypeptide comprising a heavy chajd variable domain, wherein the heavy chain variable
DR-HE, a CDR-H2, or a CDR-H3 as described in

ing a light chain variable dormain, wherein the light chain

domain comprises one or more o
Claim 1; a polypeptide compri
variable domain comprises gne or more of CDR-L1, a CDR-L2, or a CDR-L3 as

described i Claim |; or £ combination of both polypeptides.
A vectar comprisipg an isolated nucleic acid according to Claim 54.

Claimn 55 wherein said vector is selected from the group consisting of;

peDNA, pTT, pTT3, pEFBOS, pBV, pIV, pHybE and pBI.

The vector

st cell comprising a vector according to any one of Claims 55 and 36.

The host ceil according to claim 57, wherein said host cell is a prokaryotic cell,

The host cell according to claim 58, wherein said host cell 18 Escherichia coli,

The host cell according to claim 59, wherein said host cell is 2 eukaryotic cell.
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61.

62,

63.

64.

635.

66.

67.

68.

69.

70.

71,

72,

PCT/US2010/047006

The host cell according to claim 60, wherein said eukaryotic cell is selected from the

group consisting of: a protist cell, an animal cell, a plant cell, and a fungal cel.

The host cell according to claim 61, wherein said eukaryotic cell is an animal cell€elected

from the group consisting of: a mammalian cell, an avian cell, and an insect ¢

The host cell according to claim 62, wherein said mammalian cel} is a CHO cell,

The host cell according to claim 62, wherein said mammalian cell #§ a COS cell,

The host cell according fo claim 61, wherein said fungal cellfs Saccharomyces cerevisiae.

The host cell according to claim 62, wherein said insectcell is an S0 cell.

A method of producing a binding protein that bipéls human DLL4, comprising culturing

the host cell of any one of claims 57-66 in a gdlture medium under conditions sufficient to

produce a binding protein that binds humay DLL4,

A binding protein produced accordi

to the method of claim 67.

A crystallized binding protein ¢omprising a binding protein according to any one of

Claims 1-32, wherein said pinding protein exists as a crystal.

The crystallized bindifg protein according to claim 69, wherein said crystal is a carrier-

free pharmaceuticpl controlled release crystal.

The erystailifed binding protein according to claim 69, wherein said binding protein has a

greater hgdi life in vivo than the soluble counterpart of said binding protein.

Thy'crystallized binding protein according to claim 69, wherein said binding protein

tains biological activity.

A composition for the release of a binding protein said composition comprising:

(2) a formulation, wherein said formulation comprises a erystallized binding protein,

according to any one of claims 69-72, and an ingredient; and

(b} at least one polymeric carrier.
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74,

75.

76.

77.

78.

79.

80.

The composition according to claim 73, wherein said polymeric carrier is a polymer
selected from one or more of the group consisting of: poly (acrylic acid), poly
(cyanoacrylates), poly (amino acids), poly (anhydrides), poly (depsipeptide), poly
{esters), poly (lactic acid), poly (lactic-co-glycolic acid) or PLGA, poly (b-
hydroxybutryate), poly (caprolactone), poly (dioxanone), poly {ethylene glycol) poly
{(hydroxypropyl) methacrylamide, poly [(organo)phosphazene], poly (orthe £sters), poly
(viny! alcohol), poly (vinylpyrrolidone), maleic anhydride- alkyl viny! etiér copolymers,
pluronic polyols, albumin, alginate, celiulose and cellulose derivatives/coliagen, fibrin,
gelatin, hyaluronic acid, oligosaccharides, giycaminoglycans, sulfaéd polyeaccharides,

biends and copotymers thereof.

The composition according 10 claim 73, wherein said ingrédient is selected from the
group consisting of albumin, sucrose, trehalose, lactito} gelatin, hydroxypropyl-p-

cyclodextrin, methoxypolyethylene glycol and polyéihylene glycol.

A method for treating a mammal comprising fhe step of administering to the mammal an

effective amount of the composition according fo claim 73.

A pharmaceutical composition compfising the binding protein of any one of Claims 1-32,

and a pharmaceutically acceptable carrier.

The pharmaceutical compggition of claim 77 which further comprises at least one

additional therapeutic agént for treating a disorder in which DLL4 activity is detrimental.

The pharmaceutical composition of claim 78, wherein said additional agent is selected
from the group£onsisting of: angiogenesis inhibitors; kinase inhibitors; co-stimulation
moiecule blgckers; adhesion molecule blockers; anti-cytokine antibody or functional

fragment/Ahereof; methotrexate; corticosteroids; cyclosporine; rapamycin: FK506; and

non-si¢roidal anti-inflammatory agents.

method for reducing human DILL4 activity comprising contacting human DLL4 with

the binding protein of any one of Claims 1-32 such that human DLL4 activity is reduced.

A method for reducing human DLL4 activity in a human subject suffering from a disorder

in which DLL4 activity is detrimental, comprising administering to the human subject the
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binding protein of any one of Claims 1-32 such that human IL-17 activity in the human

subject is reduced.

82. A method for treating a subject for a disease or a disorder in which DLL4 activity is
5 detrimental by administering to the subject the binding protein of any one of Claipfs 1-32

such that treatment i achieved.

83. The method of claim 82, wherein said disorder is selected from the group/consisting of:

breast cancer, colon cancer, rectal cancer, lung cancer, oropharynx cagcer, hypopharynx

10 cancer, esophageal cancer, stomach cancer, pancreas cancer, liver gancer, gallbladder
cancer, bile duct cancer, smail infestine cancer, urinéry tract canter, female genital tract
cancer, male genital tract cancer, endocrine gland cancer, skifl cancer, heman giomas,
melanomas, sarcomas, brain tumor, nerve cancer, eye tumbr, meninges cancer, solid
tumors from hematopoietic malignancies, tumor metastases, ocular neovascularization,

15 edemna, rheumatoid arthritis, multiple sclerosis, athefoscleorotic plagques, Crohn's disease,
inflammatory bowel disease, refractory ascites, péoriasis, sarcoidosis, arterial
arteriosclerosis, sepsis, peptic ulcers, burns, gfd pancreatitis, polyeystic ovarian disease
(POD), endometriosis, uterine fibroids, belign prostate hypertrophy, and other

angiogenesis independent and dependept diseases characterized by abberant DLL4

20 activity.
84. The method according to Claigh 83, wherein the disorder 15 a primary and metastatic
cancer.
23 5. The method according to Claim 83, wherein the urinary tract cancer is selected from the

group consisting of renal cancer, bladder cancer, and urothelium cancer.

36. The method/According to Claim 83, wherein the female genital tract cancer is selected
from the group consisting of cervical cancer, uterine cancer, ovarian cancer,

30 chorigéarcinoma, and gestational trophoblastic disease.

he method according fo Claim 83, wherein the male genital tract cancer is selected from
the group consisting of prostate cancer, seminal vesicles cancer, testicular cancer, and

germ cell fumor.

The method according to Claim 83, wherein the endocrine gland cancer is selected from

the group consisting of thyroid cancer, adrenal cancer, and pitnitary gland cancer.
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-89, The method according to Claim 83, wherein the sarcoma is selected from the group

consisting of a bone sarcorna, a soft tissue sarcoma, and Kaposi's sarcoma.

5 90 The method according to Claim 83, wherein the meninges cancer is selected frox
group consisting of an astrocytoma, a glioma, a glioblastoma, a retinoblastoma a
neuroma, a neuroblastoma, a Schwannorna, and a meningiomas.

a1, The method aceording t6 Claim £3, wherein the solid tumor from a matopoietic

10 malignancy is & leukemia, a Hodgkin's leukemia, a non-Hodgkin'sfeukermia, a lymphoina,

a Hodgkin's tymphoma, and a non-Hodgkin's lymphormas.

92. The method according to Claim 83, wherein the ocular ngbvascularization is selected
from the group consisting of diabetic blindness, a retipbpathy, an age-induced macular

i35 degeneration, and a rubeosis.

93. A method of treating & patient suffering fronya disorder in which DLL4 is detrimental
compriging the step of administering the Wnding protein of any one of claims 1-32 before,
concurrent with, or aster the adminisiragfion of a second agent, wherein the second agent 1§

20 selected from the group consisting ¢f an antibody or fragment thereof capable of binding

humar VEGFR2; methotrexate; #nh antibody, or fragment thereof, capable of binding

human TNF; corticosteroids, gyclosporine, rapamycin, FK506, and non-steroidal anti-

inflammatory agenis.

25 94, A binding protein cothprising an antigen binding domain capable of binding human

X1-¥Xp—X3-X4~¥s {SEQ ID NO:1053), wherein;
X 1s 5, N, or D;

30 ¥, is B or Y:

Xy 1s W,

Xy is M;

X5 is 5 or H;

CDR-HZ:

R R O SRR S S Co0 O CRL P PR CTE CPE ST Sy JuN
{SEQ ID MO:106), wherein;’
¥y is I, D, M, or 7T:

X, is I;
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CDR-H3:

%17

K=Ky —Ky=Ky=Hs—R =Ry~ K=K~

is
is
ig
is
is
is
is

is

; is

; 18

is
is
is
is

is

S;

Y, N, 5, ¢, V,
D;

G;

5, R, I, T, G,
N, Y, &, I, or
K, M, N, ¢, E,
Y, D, cor E;

3 or Y¥;

A;

By

53

v

K; and

G;

wherein;

S|

is

is

Ay
G,
Gy

wherein;

%
Xz
X3
Xy
s
e
*y
Xg

is

is A

is

is K

is
is
is

is

Qr M,

T, H,

r H!

o R
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17K Ky By K=K g=Xq—Eg—Ko—Ka1g~X11
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: Ry S.r Af or L;
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Xy is Y
Xig i8 V or 1I; and
X, is 3
CDR-L2: X% H3-Hi~Xs~¥e~¥; (SEQ ID NO:109), wherein:
5 X; is Q;
‘ X is D;
¥: is A, G, W, S, or D;
Xy is K, M, Q, N, L, T, I, or E:
X is R;
10 Xg is P; and
¥; is S
and
CDR-L3: X -X~Ky=Xy—Xs—¥s-¥7-Fe—¥s {SEQ
¥; is Q:

NC:110), wherein:

15 ¥ is S or A;
¥+ is W;

%y

20
95.
25
(CDR-L2Y residues §8-96 of SEQ ID NO:113 (CDR-1.3);
30 residugs 31-35 of SEQ ID NO:316 (CDR-H1); residues 50-66 of SEQ ID NO:316

-H2); residues 99-108 of SEQ ID NO:316 (CDR-H3);
sidues 31-35 of SEQ ID NO:317 (CDR-H1); residues 50-66 of SEQ D NO:317
(CDR-H2); residues 99-108 of SEQ ID NO:317 (CDR-H3);
residues 31-35 of S8EQ ID NO:318 (CDR-H1); residues 50-66 of SEQ ID N(318
(CDR-H2); residues 99-108 of SEQ ID NO:318 {CDR-H3);
residues 31-35 of SEQ ID NO:319 (CDR-H1); residues 50-66 of SEQ ID NO:319
(CDR-H2); residues 99-108 of SEQ I NO:319 (CDR-H3);
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residues 31-35 of SEQ ID NO:320 (CDR-H1); residues 50-66 of SEQ ID NO:320
{CDR-H2); residues 99-108 of SEQ ID NO:320 (CDR-H3);
residues 31-35 of SEQ ID NO:32] (CDR-H1); residues 50-66 of SEQ ID NO:321
(CDR-H2); residues 99-108 of SEQ ID NQ:321 (CDR-H3);

5 residues 31-35 of SEQ ID NO:322 (CDR-H1); residues 50-66 of SEQ 1D N(»:322
(CDR-H2); residues 99-108 of SEQ ID NO:322 (CDR-H3);
residues 31-35 of SEQ ID NO:323 (CDR-H1); residues 30-66 of SEQ ID N@:323
(CDR-H2); residues 99-108 of SEQ ID NO:323 (CDR-H3);
residues 31-35 of SEQ 1D NO:324 (CDR-H1Y: residues 50-66 of SEQAD NO:324

10 (CDR-H2); residues 99-108 of SEQ ID NQ:324 (CDR-H3);
residues 31-35 of SEQ ID NO:325 (CDR-H1); residues 56-66 of SEQ ID NO:325
(CDR-H2); residues 99-108 of SEQ ID NO:325 (CDR-H3);
residues 31-35 of SEQ ID NO:326 (CDR-H1); residues 50466 of SEQ ID NO:326
{CDR-H2); residues 99-108 of SEQ ID NO:326 (CDRAH3);

15 residues 23-33 of SEQ ID NO:327 (CDR-L1); resiges 49-55 of SEQ ID NO:327
{CDR-L2); residues §8-96 of SEQ 1D NO:327 (ZDR-L.3);
residues 23-33 of SEQ ID NO:328 (CDR-L1 )/ residues 49-55 of SEQ ID NO:328
{(CDR-L2); residues 88-96 of SEQ ID NOA28 (CDR-L3):
residues 23-33 of SEQ ID NO:329 (COK-L1); residues 49-55 of SEQID NO:3zy

20 (CDR-L2); residues 88-96 of SEQ 13 NO:329 (CDR-L3};
residues 23-33 of SEQ ID NO:334 (CDR-L1); residues 49-55 of SEQ ID NO:330
(CDR-L2); residues 88-96 of EQ ID NO:330 (CDR-L3);
residues 23-33 of SEQ ID NO:331 (CDR-L1); residues 49-55 of SEQ ID NO:331
(CDR-L2); residues 88-9% of SEQ ID NO:331 (CDR-L3);

25 residues 23-33 of SEQ ID NO:332 (CDR-L1}; residues 49-55 of SEQ ID NO:332
(CDR-L2}; residugs 88-96 of SEQ 1D NO:332 (CDR-L3);
residues 23-33,6f SEQ ID NO:333 (CDR-L1); residues 49-55 of SEQ ID NO:333
(CDR-L2); esidues 88-96 of SEQ ID NO:333 {(CDR-L3).

30 96 The bnding protein according to claim 95, wherein said binding protein comprises at
leaét 3 CDRs.
97,/ The binding protein according fo claim 96, wherein said at least 3 CDRs cornprises a

variable domain CDR set selected from the group consisting oft

VI A0 CDR Set
CDR-HI: residues 31-35 of SEQ IDNQO:112
CDR-H2: residues 50-66 of SEQ IDNO:112
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 CDR-H3  residues 99-108 of SEQ ID NO:1 12
VL ALQ CDR Set
CDR.L1: residues 23-33 of SEQ ID NO:113
CDR-L2: residues 49-35 of SEQ ID N(:113
CDR-L3: residues 88-96 of SEQ IDNO:113
VH ALC.3 CDR Set
CDR-HI:  residues 31-35 of SEQ ID NO:316
CDR-H2: residues 50-66 of SEQ ID NO:316
CDR-H3: residues 99-108 of SEQ ID NO:316
VL ALQ3 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:327
CDR-L2: residues 49-55 of SEQ I NO:327
CDR-L3: residues 88-96 of SEQ ID NO:327
VH AL0.K30 CDR Set
CDR-HI: residues 31-35 of SEQ ID NQF317
CDR-H2; residues 50-66 of SEQ ID NO:317
CDR-H3: residues 99-108 of SECYTD NO:317
VH A10.K42 CDR Set
CDR-HI: residues 31-35 0f8EQ ID NO:314
CDR-H2: residues 50-66,60f SEQ 1D NO:318
CDR-H3: residues 9908 of SEQ IDNO:318
VH A10.9A CDR Set
CDR-HIi: residyés 31-35 of SEQ IDNO:319
CDR-H2; residues 50-66 of SEQ ID N(O:319
CDR-H3: esidues 99-108 of SEQ ID NC:319
VH A10.8A ¢DR Set
CDR-ElL residues 31-35 of SEQ 1D NO:320

residues 50-66 of SEQ ID NO:320
residues 99-108 of SEQ ID NO:320

VAL AL0.1A CDR Set

CDR-HI:
CDR-H2:
CDR-H3:

residnes 31-35 of SEQ ID NO:321
residues 50-66 of SEQ I NO:321
residues 99-108 of SEQ ID N(O:321

VH AL0.5D CDR Set

CDR-HI:
CDR-HZ:
CDR-H3:

residues 31-35 of SEQ ID NO:322
residues 50-66 of SEQ ID NO:322
residues 99-108 of SEQ ID NO:322
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VH AL0.3A CDR Set

CDR-H1: residues 31-35 of SEQ ID NO:323
CDR-H2: residues 50-66 of SEQ ID NO:323
CDR-H3: residues 99-108 of SEQ ID NO:323
VL AL0.34 CDR Set

CDR-L1: Tesidues 23-33 of SEQ ID NO:330
CDR-L2: residues 49-55 of SEQ ID NO:330
CDR-L3: residues 88-96 of SEQ ID NO:330
VH A10.68 CDR Set

CDR-HI: resicues 31-35 of SEQ ID NO:324
CDR-H2: residues 50-66 of SEQ 1D NO:324
CDR-H3: residues 99-108 of SEQ ID NO:324

VL. A10.6B CDR Set

CDR-LI: residues 23-33 of SEQ ID NO:331
CDR-L2: residues 49-55 of SEQ I NO:331}
CDR-L3: residues 88-96 of SEQ ID N(:3381
VH A10.3D CDR Set

CDR-H1: residues 31-35 of SEQ IDANQ:325
CDR-HZ: residues 50-66 of SEQAD N(O:325
CDR-H3: residues 99-108 of $EQ ID NO:325
VL A10.3D CDR Set

CDR-L1: residues 23-3% of SEQ ID NO:332
CDR-L2: residues 49255 of SEQ ID N(O:332
CDR-L3: residuey’88-96 of SEQ ID NO:332
VH A10.4C CDR Se

CDR-HI: residues 31-35 of SEQ 1D NO:326
CDR-H2: residues 50-66 of SEQ ID N(:326

CDR-H3:

residues 99-108 of SEQ ID NO:326

VL ATOAC CDR Set

DR-1.3:

residues 23-33 of SEQ ID N(:333
residues 49-53 of SEQ ID NO:333
regidues 88-96 of SEQ ID NO:333

VL A}10.143 CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:328
CDR-L2: residues 49-55 of SEQ ID NO:328
CDR-L3: residues 88-96 of SEQ ID NO:328
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98.

99,

100,

101

VI.A10.L73 CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:329
CDR-L2: residues 49-55 of SEQ ID NO:329
CDR-L3: residues 88-96 of SEQ ID N(O:329

The binding protein according to claim 97, comprising at least two variable defriaiz CDR

sets.

The binding protein according to claim 98, wherein said at least two #ariable domain
CDR sets are selected from a group consisting of:
VH A10 CDR Set and VL A10 CDR Set;
VH A10.3 CDR Set and VE A10.3 CDR Set:
VH A10.3A CDR Setand VI AI10.3A Set;
VH A16.6B CDR Set and VI A10.6B Set;
VH Ai0.3D CDR Setand VL A10.3D CDR Set;
VH A10.4C CDR Set and VL A16.4C ZDR Set;
VH A10.K30 CDR Set and VL. A10A CDR Set;
VH A10.K42 CDR Set and VI AZ0.3 CDR Set;
VH A10.3 CDR Set and VL AA0.L45 CDR Set;
VH A10.3 CDR Setand VI A10.L73 CDR Set;
"VH A10.9A CDR Setapl VL A10.3 CDR Set;
VH A10.84 CDR Sefand VL A10.3 CDR Set;
VH A10.1A CDRSet and VL A10.3 CDR Set; and
VH A10.5D CPR Setand VL A10.3 CDR Set.

The binding protgfn according to any one of Claims 94-99, farther comprising & human

acceptor framgtvork.

The binging protein according to claim 100, wherein said human acceptor framework
comprises an aming acid sequence selected from the group consisting ofs
hedvy chain acceptor framewark sequences SEQ ID NOS:6-22,
eavy chain acceptor sequences SEQ ID NOS:35-62,
Iight chain acceptor sequences SEQ TD NOS:23-34, and
light chain acceptor sequences SEQ ID NOS:63-98,

The binding protein according to claim 100 or claim 101, wherein said human acceptor

framework comprises at least one framework region amino acid substitution, wherein the
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103.

104.

105,

106.

amino acid sequence of the framework is at Jeast 65% identical to the sequence of said
human acceptor framework and comprising at least 70 amino acid residues identical to

said human acceptor frameworl.

The binding protein according to claim 161, wherein said human acceptor framework
comprises at least one framework region amino acid substitution at a key residde, said key
residue selected from the group consisting of:

a residue adjacent to 2 CDR;

a glycosylation site residue;

a rare residue;

a residue capable of interacting with human DLL4

a canonical residue;

a contact residue between heavy chain variable rggion and light chain variabie

region; |

a residue within 2 Vernier zone; and

a residue in a region that overlaps betwgln a Chothia-defined variable heavy

' chain CDR] and a Kabat-defined firgl heavy chain framework.

The binding protein according to clainy/i 03, wherein key residue selected from the group
consisting of: 2H, 4H, 24H, 26H, 27H, 29H, 34H, 35H, 37H, 39H, 44H, 45H, 47H, 48H,
49H, 50H, 51H, 58H, 59H, 60H 43H, 67H, 69H, 71H, 731, 76H, 78H, 91H, 93H, 94H,
2L, 4L, 25L, 29L, 27bL, 331,341, 36L, 38L, 431, 441, 46L, 471, 48L, 49L, 551, 58L,
621, 641, 71L, 87L, 8L, 0L, 911, 941, 95L.

The binding protein dccording to clalm 104, where the binding protein is a consensus

ID NOS:112, 113, 316, 327, 317, 318, 319, 320, 321, 322, 323, 330, 324, 331, 325,
32,326,333, 328, and 329.

The binding protein according to claim 106, wherein said binding protein comprises two

variable domains, wherein said two variable domains have amino acid sequences selected

from the group consisting of: SEQ 1D NOS:112 and 113, SEQ ID NOS:316 and 327,

i73



1G

15

20

23

30

WO 2011/025964 PCT/US2016/04 7006

108.

109,

110.

i1l

112,

113.

ii4.

SEQ ID NOS:323 and 330, SEQ ID NOS:324 and 331, SEQ ID NOS:325 and 332, an
SEQ ID NOS:326 and 333,

324, 331, 325, 332, 326, 333, 328, and 329.

The binding protein according to claim 95 wherein said antige inding domain

cotmprises a V.

The binding proteir according 1o claim 109 wherein sfid Vy; cotnprises an amino acid
sequence selected from the group consisting of:
SEQID NOS:112, 316, 317, 318, 319, 320, 321/322, 323, 324, 325, and 326.

The binding protein according to claim 95 'wherein said antigen binding domain

comprises a Vi,

The binding protein according to/claim 111 wherein said V, comprises an amino acid
sequence selected from the gpdup consisting of:
SEQ ID NOS:113, 327, 328, 329, 330, 331, 332, and 333.

The binding protein dccording to claim 95 wherein said antigen binding domain

coimprises 2 Vi agd a Vy.

The binding protein according to claim 112 further comprising 2 Vi wherein said vy
COTRPrisgs an amino acid sequence selected from the group consisting of:

SEQID NOS: SEQID NOS:112,316, 317, 318, 319, 320, 321, 322, 323, 324, 325,
326.

The binding protein according to claim 20 wherein said V; comprises an amino acid
sequence selected from the group consisting of:
SEQID NOS: 113,327, 328, 329, 330, 331, 332, and 333.

The binding protein according to claim 95, further comprising a heavy chain
immunoglobulin constant domain selected from the group consisting of: a hurnan IgM

constant domain: a human IgG1 constant domain; a human IgG2 constant domain; &
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117

i18.

119,

120.

121

122,

123.

124

human 1g(i3 constant domain; a human 1g(G4 constant domain; 2 hurnan IgE congtant

domain and a human IgA constant domain.

The binding protein according to claim 117 wherein said heavy c¢hain immunogiobulin

constant region domain is a human Ig(G1 constant domain.
The binding protein according to claim 117 wherein said human IgG1 congtant domain
SEQ IDNO:3.

The binding protein according to claim 95, further comprising/4 light chain
immunoglobulin constant domain selected from the group gonsisting of: a human Ig

kappa constant domain and a human Ig lambda constanifomain.

The binding protein according to claim 119 wheres said light chamn immunoglobulin
constant region domain is a human Ig kappa codstant domain comprising aminge acid
sequence SEQ ID NO:4,

The binding protein according fo claitg’ 119 wherein said light chain immunogiobulin
constant region domain 1s 2 humanfg lambda constant domain comprising amino acid

sequence SEQ 1D NO:5.

The binding protein according to Claim 94 wherein sald binding protein is selected from
the group consisting ofYan mmmunoglobulin molecule, an scFv, 2 monoclonal antibody, a
human antibody, a ciimeric antibody, a hurmanized antibody, a single domain antibody, &
Fab fragment, a B&b’ fragment, an F{ab"),, an Fv, a disulfide linked Fv, a single domain
antibody, & digbody, a multispecific antibody, a bispecific antibody, and a dual specific
antibody.

The bnding protein according io claim 122 wherein said binding protein 18 a human

anfibody.

A binding protein capadle of binding human DI.L-4, said binding protein comprising:
an Ig constant heavy region having an amino acid sequence selected from the group
consisting of SEQ IDWNO:2 and SEQ [ NO:3;

an Ig constant light region having an amino acid sequence selected from the group
consisting of SEQ ID NO:4 and SEQ 1D NO:5;
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an Ig variable heavy region having an amino acid sequence selected from the group
consisting: .
SEQID NOS: SEQ ID NOS:112, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, an
326; and

) an Ig variable light region having an amino acid sequence selected from the gro
consisting:

SEQID NOS: 113,327, 328, 329, 330, 331, 332, and 333.

125. The binding protein according to Claim 124, wherein the Ig constany/fight region is SEQ
i0 ID NO:5.

126, The binding protein according to any one of Claims 94-1235/wherein the binding protein
is capable of blocking DLL4 interaction with a Notch prgiein selected from the group

consisting of Notch-1, Notch-2, Notch-3, Notch-4, and combinations thereof,

15

127, The binding protein according to Claim 126, wherein the binding protein is capable of

128. 126, wherein the binding protein is capable of
20

126, to claim 126, wherein the binding protein is capable of
25 130

131,

is capable of neutralizing a DLL4,

30

132, e neutralizing binding protein according to claim 131 wherein said DLL4 is selected

from the group consisting of: human DLL4, mouse DLL4, cynomolgus DLL4, and rat
DL14.

The neutralizing binding protein according to Claim 131 wherein said nevizalizing

binding protein diminishes the ability of DLL4 to bind to its receptor.
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134,

135.

136.

137,

138.

139,

144

141.

The neutralizing binding protein according to claim 131 wherein said neutralizing binding

protein is capable of reducing normal angiogenesis.

The neutralizing binding protein according to claim 131, wherein said neutralizing
binding protein has a dissociation constant (Kp) selected from the group consistip of: at
most zbout 107 M; at most about 10°F M; at most about 10 M; at most ebout Y0 M; at

most about 107" M; 2t most about 10°™* M: and at most 16 M.

The neutralizing binding protein according to claim 131, wherein said neutralizing
binding protein has an on rate selected from the group consisting ¢f: at least about 10°M"
's; at least about 10°M's™"; at Teast about 10"M's™; at least abdut 10°M™'s"; and at least
about 16°Ms™".

The neutralizing binding protein according to claim 11, wherein said neutralizing
binding protein has an off rate selected from the gyéup consisting of: at most about 1075

at most about 107 at most about 16757 and 4t most about 10°%,

A labeled binding protein comprising a bifiding protein of any one of Claims 94-137,
wherein said binding protein is conjugdted w© a detectable label,

The labeled binding protein of Claim 138, wherein the detectabie label is selected from
the group consisting of a radjdlabel, an enzyme, a fluorescent label, a Tuminescent label, &
biotuminescent label, a mgénetic label, and biotin.

The labeled bindingprotein of claim 139, wherein said label is a radiolabel selected from

e antibody construct according to claim 141, seiected from the group consisting of:
an immunoglobulin molecules,
a monoclonal antibody,
a chimeric antibody,
a CDR-grafted antibody,
a Inmanized antibody,
a Fab,
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a Fab',
a F(ab',,
a Fv,
a disulfide linked Fv,
5 a scFv,
a single domain antibody,
a diabody,
a mulitispecific antibody,
a dual specific antibody, and
10 a bispecific antibody. -

143, The antibody construct according to claim 141, wherein said/antibody construct
comprises a heavy chain immunoglobulin constant domaif selected from the group
consisting of:

13 a human IgM constant doipain,
a human IgGl constant domain
a human Ig(G2 constant domgin,
a human Ig(G3 constant dgimain,
a human igG4 constany dommain,
20 a human IgE constgnt domain,
a human IgA copstant domain,
and a IgG cop$tant domain variant with one or more mutations altering

binding stpéngth to Fc neonatal receptor, Fc gamma receptors, or Clg.

25 144, The antibody constry¢t according to claim 141, comprising an immunoglobulin constant
domain having an/mine acid sequence selected from consisting of: SEQ 1D NO:2, SEQ
IDNO3, SEQAD NO:4, SEQ ID NO: 3, and combinations thereof,

145, Anantibady conjugate comprising an antibody construct as deseribed in Claim 141,

30 whergin said antibody construct is conjugated to a therapeutic or cylotoxic agent.

146. he antibody conjugate of Claim 145, wherein said therapeutic or cytotoxic agent is
selected from the group consisting of: an anti-metabolite, an alkylating agent, an
antibiotic, a growth factor, 2 cytokine, an anti-angiogenic agent, an anti-mitotic agent, an

anthracycline, toxin, and an apoptotic agent,

178




20

25

3¢

WO 2011/025964 _ PCT/US2010/047006

147,

148,

149

153.

154,

155.

156.

A vector comprising an isolated nucleic acid according to Claim 147.

An isolated nucleic acid encoding a polypeptide selected from the group consisting of: a

polypeptide comprising a heavy chain variable domain, wherein the heavy chain variable
domain comprises one or more of CDR-H1, a CDR-H2, or a CDR-H3? as described m
Claim 94; a polypeptide comprising a light chain variable domain, wherein the light
variable dotnain comnprises one or more of CDR-L1, 2 CDR-L2, or a CDR-L3 as

described in Claim 94; or a combination of both polypeptides,

The vector of Claim 148 wherein said vector is selected from the

peDNA, pTT, pTT3, pEFBOS, pBV, pJV, pHybE and pBl.

oup consisting of:

A host cell comprising a vector according to any one of Glaims 148 and 149,
The host cell according to claiﬁ: 150, wherein said Kost cell is a prokaryotic ceil.
The host cell according to claim 151, whereip'said host cell is Escherichia coli.
The host celt according to claun 152,

erein said host cell is a eukarvotic cell.

The bost cell according to claitm X53, wherein said eukaryotic cell is selected from the

group consisting of: a protist ¢eli, an animal cell, a plant cell, and a fungal ¢ell.

The bost cell according to claim 154, wherein said eukaryotic cell is an animal cell

selected from the grofip consisting of: a mammalian cell, an avian cell, and an insect cell.

The host cell

cording to claim 1355, wherein said mammalian cell is a CHO cell.

The host cell according to claim 155, wherein said insect cell is an SF9 cell
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160.

16l

162,

163.

164,

165.

166.

167,

A method of producing a binding protein that binds human DLLA, comprising culturing
the host cell of any one of claims 150-159 in a culture medivm under conditions suffciend

to produce a binding protem that binds human DLL4.

A binding protein produced according to the method of claim 160,

A crystallized binding protein comprising a binding protein according to sy one of

Claims 94-137, wherein said binding protein exisis as a crystal.

The crystallized binding protein according to claim 162, wherein/aid crystal is a carrier-

free pharmaceutical controlled release crystal,

The crystallized binding protein according to claim 162 Awherein said binding protein has

a greater half life in vivo than the soluble counterpary/6f said binding protein.

The crystaliized binding protein according to cjdim 162, wherein said binding protein

retaing biclogical activity.

A composition for the rejease of a binding protein said composition comprising:
(2) a formulation, wherein said formulation comprises a crystallized binding protein,
according to any one of claigis 162-163, and an ingredient; and |

(b) at least one polymerig/carrier,

The composition according to claim 166, wherein said polymeric carrier is a polymer
selected from one ornore of the group consisting of: poly (acrylic acid), poly
{cyanoacrylates), poly (amino acids), poly (anhydrides), poly (depsipeptide), poly
{esters), poly (¥actic acid), poly (lactic-co-glycolic acid} or PLGA, poly (b-
hydroxybutryate), poly (caprolactone), poly (dioxanone), poly (ethylene glycol), poly
((hydrox¥propyl) methacrylamide, poly [{organo)phosphazene], poly {ortho esters), poly
(vinyyalcohol), poly (vinylpyrrolidone), maleic anhydride- alkyl vinyl ether copolymers,
plyfonic polyols, albumin, alginate, cellulose and cellulose derivatives, collagen, fibrin,
gelatin, hyaluronic acid, oligosaccharides, glycaminoglycans, sulfated polyeaccharides,

blends and copolymers thereof,

The composition according to claim 166, wherein said ingredient is selected from the
group consisting of albumir, sucrose, trehalose, lactitol, gelatin, hydroxypropyl-B-

cyclodextrin, methoxypolyethylene glycol and polyethylene glycol.
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169.

170.

172.

173.

174.

17s.

176.

171,

A method for treating a mammal comprising the step of administering to the mammal an

effective amount of the composition according to claim 166.

A pharmaceutical composition comprising the binding protein of any one of Claipfs 94-

137, and a pharmaceutically acceptable carrier.

The pharmaceutical compasition of claim 170 which further comprises af least one

additional therapeutic agent for treating & disorder in which DLL4 ac fvity 13 detrimental.

The pharmaceutical composition of claim 172, wherein said additiona] agent 1s selected
from the group consisting of: angiogenesis inhibitors; kinase/inhibitors; co-stimulation
molecule blockers; adhesion molecule blockers; anti-cytokine antibody or functional
ﬁagmeni thereof, methotrexate; corticosteroids; cycloghorine; rapamycin; FK506; and

non-steroidal anti-inflammatory agenis.

A method for reducing human DLL4 activity’comprising contacting human DLL4 with
the binding protein of any one of Claims 94-137 such that human DLL4 activity is

reduced.

A method for reducing human DLL4 activity in a human subject suffering from a disorder
in which DLL4 activity is deprimental, comprising administering to the human subject the
binding protein of any ong/6f Claims 94-137 suck that human 1L-17 activity in'the human

subject is reduced.

A method for tregfing a subject for a disease or a disorder in which DLL4 activity is
detrimental by/administering to the subject the binding protein of any one of Claims 94-

137 such thdt treatment is achieved.

The plethod of claim 176, wherein said disorder is selected from the group consisting of:
brgast cancer, colon cancer, rectal cancer, lung cancer, oropharynx cancer, hypopharynx
cancer, esophageal cancer, storsach cancer, pancreas cancer, liver cancer, galibladder
cancer, bile duct cancer, small intestine cancer, urinary tract cancer, female genital fract
cancer, male genital fract cancer, endocrine gland cancer, skin cancer, hemangiomas,
melanomas, sarcomas, brain tummor, nerve cancer, eye tumor, meninges cancer, solid
tumors from hematopoietic malignancies, fumor metastases, ocular neovascularization,

ederna, Theumatold arthritis, multiple sclerosis, atheroscieorotic plaques, Crohn's disease,
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178.

179,

180.

181.

182.

183.

184,

185.

inflammatory biowel disease, I'eﬂactory ascites, psoriasis, sarcoidosis, arterial
arteriosclerosis, sepsis, peptic ulcers, burns, and pancreatitis, polycystic ovarian diseafe
(POD), endometriosis, uterine ﬁbroidé, benign prostate hypertrophy, and other
angiogenesis independent and dependent diseases characterized by abberant DIA.4

activity:

The method according to Claim 177, wherein the disorder is a pritnary/and metastatic

Cancer,

The method according to Claim 177, wherein the urinary trac¥cancer is selected from the

group consisting of renal cancer, bladder cancer, and wrothélium cancer.

The method according to Claim 177, wherein the fergale genital fract cancer is selected
from the group consisting of cervical cancer, uterjfe cancer, ovarian cancer,

chorio¢arcinoma, and gestational trophoblasticdlisease.

The method according to Claim 177, whefein the male genital tract cancer is selected
from the group consisting of prostate gancer, seminal vesicles cancer, testicular cancer,

and germ cell tumor,

The method according to Claiin 177, wherein the endocrine gland cancer is selected from

the group consisting of thyfoid cancer, adrenal cancer, and pituitary gland cancer.

The method accordipg to Claim 177, wherein the sarcoina 18 selecied from the group

consisting of a bofie sarcoma, a soft tissue sarcoma, and Kaposi's sarcoma.

The methogaccording to Claim 177, wherein the meninges cancer is selected from the
group consisting of an astrocytoma, a glioma, a glioblastoma, a retinoblastoma, a

a, a neuroblastoma, a Schwannomna, and a meningiomas.

he method according to Claim 177, wherein the solid tumor from a hematopoietic
malignancy is a leukemia, a Hodgkin's leukemia, a non-Hodgkin's leukernia, 2 lymphoma,

a Hodgkin's lymphoma, and a non-Hodgkin's lymphomas.

The method according to Claim 177, wherein the ocular neovascularization is selected
from the group consisting of diabetic blindness, a retinopathy, an age-induced macular

degeneration, and & rubeosis.
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187. A method of treating a patient suffering from a disorder in which DLL4 is detrimental
~ comprsing the step of administering the binding protein of any one of claims 94-137
hefore, concurrent with, or afier the administration of a second agent, whersin the satond
5 agent is sélected from the group consisting of an antibody or fragment thereof caglable of
- _‘bindin g human VEGFR2; .methot,rexat(-;; an antibody, or fragment thereof, capdble of

binding human TNF; corticosteroids, cyclosporine, rapamyein, FK508, andmon-steroidal

anti-inflammatory agents.
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WE CLAIM:

1. A binding protein comprising an antigen binding domain, said binding protéin being
capable of binding human DLL4, said antigen binding domain comprising six CDRs:
CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3, wherein:
CDR-H1 is selected from the group consisting of:

residues 31-37 of SEQ ID NO:1;
SEQ 1D NO:i17,

SEQ ID NO:121;

SEQ ID NO:125;

SEQ D NO:129;

SEQ ID NO:133;

SEQ ID NO:137;

SEQ ID NO:141;

SEQ 1D NO:145;

-SEQ 1D NO:149;

SEQ 1D NO:153;

SEQ ID NO:157;

SEQ 1D NO:161;

SEQ ID NO:1865;

SEQ ID NO:1869;

SEQ ID NO:173;

SEQ ID NO:AT7;

SEQ ID NO:181;

SEQ 1D NO:185;

SEQ 1D NO:189;

SEQ ID NO:1983;

SEQ ID NO:197;

SEQ 1D NO:201;

SEQ 1D NO:205;

SEQ 1D NO:209;

SEQ ID NG:213;

residues 31-37 of SEQ 1D NO:334;
residues 31-37 of SEQ ID NO:336;
residues 31-37 of SEQ 1D NO:338:
residues 31-37 of SEQ 1D NO:340;
residues 31-37 of SEQ 1D NO:342;
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residues 31-37 of SEQ 1D NO:344;
residues 31-37 of SEQ 1D NO:346;
residues 31-37 of SEQ 1D NO:348;
residuas 31-37 of S_EQ ID NO:350;
_ residues 31-37 of SEQ ID NO:352;
residues 31-37 of SEQ ID NO:354;
rasidues 31-37 of SEQ D NO:356;
residues 31-37 of SEQ ID NO:358; and
residues 31-37 of SEQ ID NO:360;
CDR-H2, selected from the group consisting of:

residues 52-67 of SEQ ID NO:1,
SEQ ID NO:118; '
SEQ ID NO:122;

SEQ ID NO:126;

SEQ ID NO:130;

SEQ ID NO:134;

SEQ 1D NO:138;

SEQ ID NO:142;

SEQ ID NO:1486;

SEQ 1D NO:150;

SEQ ID NO:154;

SEQ ID NO:158;

SEQ ID NO:162;

SEQ ID NO:166;

SEQ ID NO:170;

SEQ D NO:174;

SEQ D NO:178;

SEQ 1D NO:182;

SEQ ID NO:186;

SEQ 1D NO:180;

SEQ ID NO:194;

SEQ ID NO:198;

SEQ 1D NO:202;

SEQ 1D NO:2086;

SEQ ID NO:210;

SEQ ID NO:214;

residues 52-67 of SEQ ID NO:334,
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residues 52-67 of SEQ ID NO:336:
residues 52-67 of SEQ ID NO:338;
residues 52-67 of SEQ 1D NO:340:
residues 52-67 of SEQ ID NO:342:
residues 52-87 of SEQ ID NO:344;
residues 52-67 of SEQ ID NO:346;
residues 52-67 of SEQ ID NQO:348;
residues 52-67 of SEQ ID NQ:350;
residues 52-67 of SEQ ID NO:352;
residues 52-67 of SEQ ID NO:354;
residues 52-67 of SEQ ID NO:358:
residues 52-67 of SEQ ID NO:358; and
residues 52-67 of SEQ ID NO:360;
CDR-H3 is selected from the group consisting of:

residues 100-110 of SEQ ID NO:1;

SEQ 1D NO:119;

SEQ ID NO:123;

SEQ ID NO:127;

SEQ ID NO:131;

SEQ ID NO:135;

SEQ {D NO:139;

SEQ 1D NO:143;

SEQ ID NO:147;

'SEQ ID NO:151;

SEQ ID NO:155;

SEQ D NO:159;

SEQ 1D NO:163;

SEQ ID NO:167;

SEQ ID NO:171;

SEQ iD NO:175;

SEQ ID NO:179;

SEQ ID NO:183;

SEQ ID NO:187;

SEQ ID NO:191;

SEQ ID NO:195;

SEQ 1D NO:199;

SEQ ID NO:203;
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SEQ 1D NO:207;
SEQ ID NO:211;
SEQ ID NO:215;
residues 100-110 of SEQ ID NO:334;
residues 100-110 of SEQ 1D NO:336;
residues 100-110 of SEQ ID NO:338;
residues 100-110 of SEQ 1D NO:340;
residues 100-110 of SEQ 1D NO:342;
residues 100-110 of SEQ ID NO:344;
residues 100-110 of SEQ 1D NO:3486;
residues 100-110 of SEQ 1D NO:348;
residues 100-110 of SEQ ID NO:350;
residues 100-110 of SEQ iD NO:352;
residues 100-110 of SEQ ID NO:354;
residues 100-110 of SEQ ID NO:356:
residues 100-110 of SEQ ID NO:358; and
residues 100-110 of SEQ ID NO:360;
CDR-L1 is selected from the group consisting of:

residues 23-33 of SEQ ID NO:111;
SEQ ID NO:217; |

SEQ ID NO:221;

SEQ ID NO:225;

SEQ ID NO:229;

SEQ iD NC:233;

SEQ ID NO:237;

SEQ ID NO:241;

SEQ 1D NO:245;

SEQ ID NO:249;

SEQ ID NO:253;

SEQ ID NO:257;

SEQ ID NO:261;

SEQ ID'NO:265;

SEQ ID NO:269;

SEQ ID NO:273;

SEQ ID NO:277;

SEQ ID NO:281;

SEQ ID NO:285;
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SEQ ID NO:288;
SEQ ID NO:293;
SEQ 1D NQ:297;
SEQ ID NO:301;
SEQ 1D NO:305;

SEQ ID NO;309;
SEQ ID NO:313;
residues 23-33 of SEQ ID NO:335;
residues 23-33 of SEQ ID NO:337;
residues 23-33 of SEQ 1D NO:339;
residues 23-33 of SEQ ID NO:341;
residues 23-33 of SEQ ID NO:343;
residues 24-34 of SEQ ID NO:345;
residues 23-33 of SEQ ID NO:347;
residues 24-34 of SEQ ID NO:349:
residues 24-34 of SEQ 1D NO:351;
residues 24-34 of SEQ ID NO:353;
residues 24-34 of SEQ 1D NO:355;
residues 23-33 of SEQ 1D NO:357;
residues 23-33 of SEQ ID NO:359; and
residues 23-33 of SEQ ID NO:361; .

CDR-L2 is selected from the group consisting 61‘:

residues 49-55 of SEQ 1D NO:114:
SEQ ID NO:230;

SEQ 1D NO:234:

SEQ ID NO:238;

SEQ ID NO:242;

SEQ 1D NO:246;

SEQ ID NO:250;

SEQ 1D NO:254,

SEQ ID NO:258;

SEQ ID NO:262;

SEQ ID NO:266;

SEQ ID NO:270;

SEQ ID NO:218;

SEQ ID NO:222;

SEQ ID NO:226;
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SEQ ID NO:274;

SEQ 1D NQO:278;

SEQ ID NO:302;

SEQ ID NO:294;

SEQ 1D NO:282;

SEQ D NO:290:

SEQ ID NO:298;

SEQ ID NO:286;

SEQ ID NO:30s:

SEQ ID NO:310;

SEQ ID NO:314;

residues 49-55 of SEQ ID NO:335;

residues 49-55 of SEQ ID NO:337:
residues 49-55 of SEQ ID NO:33¢9:
residues 49-55 of SEQ 1D NQ:341;
residues 49-55 of SEQ ID NO:343:
residues 50-56 of SEQ ID NO:345;
residues 49-55 of SEQ ID NO:347;
residues 50-56 of SEQ 1D NO:349;
residues 50-56 of SEQ ID NO:351:
residues 50-56 of SEQ ID NO:353:
residues 50-56 of SEQ ID NO:355;
residues 49-55 of SEQ ID NO:357;
residues 48-55 of SEQ ID NO:356: and
residues 49-55 of SEQ ID NO:361;

and -

CDR-L3 is selected from the group consisting of;
residues 88-96 of SEQ ID NO:111;

- SEQ D NO:231;

SEQ ID NO:235;
SEQ 1D NO:239;
SEQ 1D NO:243;
SEQ ID NO:247:
SEQ ID NO:251;
SEQ ID NO:255;
SEQ ID NO:259;
SEQ ID NO:263;
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SEQ ID NO:267;

SEQ D NO:271;

SEQ ID NO:219;

SEQ ID NO:223;

SEQ 1D NO:227,

SEQ 1D NO:275;

SEQ 1D NO.27S;

SEQ ID NG:303;

SEQ ID NO:295;

SEQ ID NO:283;

SEQ 1D NO:291;

SEQ ID NO:298,

SEQ 1D NO:287,

SEQ ID NO:307;

SEQ ID NO:311;

SEQ 1D NO:315;

residues 88-96 of SEQ ID NO:335;
residues 88-96 of SEQ 1D NO:337;
residues 88-86 of SEQ 1D NO:338;
residues 88-96 of SEQ ID NO:341;
residues 88-96 of SEQ 1D NG:343;
residues 89-97 of SEQ ID NO:345;
residues 88-96 of SEQ ID NO:347,
residues 89-97 of SEQ 1D NO:3498;
residues 89-97 of SEQ ID NO:351;
residues 88-87 of SEQ 1D NO:353;
residues 89-07 of SEQ 1D NO:355;
residues 88-96 of SEQ 1D NO:357,;
residues 88-96 of SEQ ID NO:359; and
residues 88-96 of SEQ 1D NO:361.

2. The binding protein according to claim 1, wherein said binding protein comprises
at least 3 CDRs selected from the group of variable domain CDR sets consisting
of:

VH ES CDR Set
CDR-H1: residues 31-37 of SEQ ID NO:1
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CDR-H2: residues 52-67 of SEQ ID NO:1
CDR-H3 residues 100-110 of SEQ ID NO:1

VL E9 CDR Set

- CDR-L1: residues 23-33 of SEQ D NO:111
CDR-L2: residues 49-55 of SEQ ID NO:111
CDR-L3: residues 88-96 of SEQ ID NO:111

VH E9.4 CDR Set

CDR-H1: SEQ ID NO:117
CDR-H2: SEQ ID NO:118
CDR-H3: SEQ ID NO:119
VL E9.4 CDR Set

CDR-L1: SEQ ID NO:229
CDR-L2: SEQ ID NO:230
CDR-L3: SEQ ID NO:231
VH E9.11 CDR Set

CDR-H1: SEQ ID NO:121
CDR-H2: SEQ ID NO:122
CDR-H3:; SEQ ID NO:123
VLES 11 CDR Set .
CDR-L1: SEQ ID NO:233
CDR-L2: SEQ ID NO:234
CDR-L3: SEQ ID NO:235
VH ES.14 CDR Set

CDR-H1: SEQ ID NO:125
CDR-H2z: SEQ ID NO:126
CDR-H3: SEQ ID NO:127
VL £9.14 CDR Set

CDR-L1: SEQ ID NO:237
CDR-L.2: SEQ ID NO:238
CDR-L3: SEQ ID NO:239
VH ES.17 CDR Set

CDR-H1: SEQ ID NO:129
CDR-H2: SEQ ID NO:130
CDR-H3: SEQ ID NO:131
VL E9.17 CDR Set

CDR-L1: SEQ ID NO:241
CDR-L2: SEQ ID NO:242
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CDR-L3: SEQ ID NO:243
VH E9.18 CDR Set

CDR-H1: SEQ ID NO:133
CDR-H2: SEQ D NO:134
CDR-H3: SEQ IDNO:135 -
VL E9.18 CDR Set

CDR-L1: 'SEQ ID NO:245
CDR-L2; SEQ ID NO:246
CDR-L3: SEQ ID NO:247
VH E9.19 CDR Set

CDR-H1: SEQ ID NO:137
CDR-H2: SEQ ID NO:138
CDR-H3: SEQ ID NO:139
VL E9.19 CDR Set

CDR-L1: SEQ ID NO:249
CDR-L2: SEQ ID NO:250
CDR-L3: SEQ ID NO:251
VH £9.22 CDR Set

CDR-M1: SEQ 1D NO:141
CDR-H2: SEQ ID NO:142
CDR-H3: SEQ ID NO:143
VL £9.22 CDR Set

CDR-L1; SEQ ID NO:253
CDR-L.2: SEQ ID NO:254
CDR-L3: SEQ ID NO:255
VH E9.48 CDR Set

CDR-H1: SEQ ID NO:145
CDR-H2: SEQ ID NO:148
CDR-H3: SEQ ID NO:147
VL E9.48 CDR Set

CDR-L1: SEQ ID NO:257
CDR-L2: SEQ ID NO:258
CDR-L3: SEQ ID NO:259
VH E9.65 CDR Set

CDR-H1: SEQ ID NO:149
CDR-H2: SEQ ID NO:150
CDR-H3: SEQ ID NO:151
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VL E9.65 CDR Set
CDR-L1:  SEQID NO:261
CDR-L2:  SEQ ID NO:262
CDR-L3:  SEQID NO:263
VH E9.66 CDR Set
CDR-H1: - SEQIDNO:153
CDR-H2:  SEQIDNO:154
CDR-H3:  SEQID NO:155
VL E9.66 CDR Set
CDR-LT:  SEQID NO:265
CDR-L2.  SEQ ID NO:266
CDR-L3:  SEQIDNO:267
VH E9.71 CDR Set
CDR-H1:  SEQID NO:157
CDR-H2:  SEQID NO:158
CDR-H3:  SEQID NO:159
VL E9.71 CDR Set
COR-L1:  SEQIDNO:269
CDR-L2:  SEQID NO:270
CDR-L3:  SEQID NO:271
VH E9.13 CDR Set
CDR-H1:  SEQIDNO:161
CDR-H2:  SEQID NO:162
CDR-H3:  SEQID NO:163
VL E9.13 CDR Set
CDR-L1:  SEQID NO:217
CDR-L2:  SEQIDNO:218
CDR-L3:  SEQIDNO:219
VH E9.16 CDR Set
CDR-H1:  SEQID NO:165
CDR-H2:  SEQ ID NO:166
CDR-H3:  SEQIDNO:167
VL £9.16 CDR Set

CDR-L1: SEQ ID NO:221
CDR-LZ: SEQ ID NO:222
CDR-L3: SEQ 1D NO:223

VH E9.38 CDR Set
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CDR-H1: SEQ ID NO:162
CDR-H2: SEQ ID NO:170
CDR-H3: SEQ iD NO:171
VL E9.38 CDR Set

CDR-L1: SEG ID NO:225

- CDR-L2: SEQIDNO:226

CDR-L3: SEQ ID NO:227
VH E9.2B CDR Set
CDR-H1: SEQ 1D NO:173
CDR-H2: SEQ 1D NO:174
CDR-H3: - SEQIDNO:175
VL £9.28 CDR Set

CDR-L.1: SEQID NO:273
CDR-L2: SEQID NO:2?'4
CDR-L3: SEQ ID NO:275
VH E9.1F CDR Set

CDR-H1: SEQ ID NO:177

CDR-H2: SEQ 1D NO:178
CBR-H3: SEQ ID NO:179
VL EQ.1F CDR Set

CDR-L1: SEQ ID NO:277
CDR-L2: SEQ ID NO:278
CDR-L3: SEQ D NO:279

VH £9.10H CDR Set

CDR-H1: SEQ 1D NO:181
CDR-H2: SEQ ID NO:182
CDR-H3: SEQ 1D NO:183
VL E9.10H CDR Set

CDR-L1: SEQ 1D NO:301
CDR-L2: SEQ ID NO:302
CDR-L3: SEQ 1D NO:303
VH E9.5E CDR Set

CDR-H1: SEQ 1D NO:185

CDR-H2:  SEQIDNO:186
CDR-H3:  SEQ ID NO:187
VL E9.5E CDR Set

CDR-L1:  SEQIDNO:293
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CDR-L2: SEQ ID NO:294
CDR-L3: SEQ 1D NO:295
VH EQ.10C CDR Set

CDR-H1: SEQ 1D NO:189
CDR-H2: SEQ ID NO:190
CDR-H3: SEQ ID NO:191
VL E9.10C CDR Set

CDR-L1:  SEQ ID NO:281
CDR-L2:  SEQ ID NO:282
CDR-L3:  SEQ ID NO:283

VH E9.7E CDR Set

CDR-H1: SEQ ID NO:193
CDR-H2: SEQ ID NO:194
CDR-H3: SEQ ID NO:195
VL E9.7E CDR Set

CDR-L1: SEQ ID NO:289
CDR-L2: SEQ 1D NO:290
CDR-L3: SEQ ID NO:291
VH EQ.12B CDR Set

CDR-H1: SEQ ID NO:197
CDR-H2: SEQ D NO:198
CDR-H3: SEQ 1D NO:199
VL ES.12B CDR Set

COR-L1: SEQ ID NO:297
CDR-L2: SEQ ID NO:298
CDR-L3: SEQ ID NO:299

VHES.10E CDR Set
CDR-H1: SEQ 1D NO:201
CDR-H2: SEQ D NO:202
CDR-H3: SEQ ID NO:203
VL £8.10E CDR Set

CDR-L1: SEQ 1D NO:285
CDR-L2: SEQ ID NO:286
CDR-L3: SEQ ID NO:287

VH E9.6A CDR Set
CDR-H1: SEQ D NO:205
CDR-H2: SEQ D NO:2086
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CDR-H3:  SEQ IDNO:207
VL E9.6A CDR Set

CDR-L1; SEQ ID NO:305
CDR-L2: SEQ ID NO:306
CDR-L3:  SEQ ID NO:307
VH E9.7A CDR Set
CDR-H1: SEQ ID NO:209
CDR-H2:  SEQ ID NO:210
CDR-H3:  SEQ ID NO:211
VL E9.7A CDR Set

CDR-L1: SEQ ID NO:309
CDR-L2: SEQ ID NO:310
CDR-L3: SEQ 1D NO:311
VH E9.8H CDR Set |
CDR-H1: SEQ ID NO:213
CDR-H2:  SEQ ID NO:214
CDR-H3:  SEQIDNO:215
VL E9.8H CDR Set

CDR-L1: SEQ 1D NO:313
CDR-L.2: SEQ ID NO:314
CDR-L3: SEQ ID NO:315

VH E9.1 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:334
CDR-H2: residues 52-67 of SEQ ID NO:334
CDR-H3: residues 100-110 of SEQ ID NO:334
VL ES.1 CDR Set

CDR-L1: residues 23-33 of SEQ 1D NO:335
CDR-L2: residues 49-55 of SEQ 1D NO:335
CDR-13: residues 88-96 of SEQ ID NO:335

VH ES-SE1 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:336
CDR-H2: residues 52-67 of SEQ 1D NO:336
CDR-H3: residues 100-110 of SEQ ID NO:336
VL E9-SE1 CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:337
CDR-L2: residues 49-55 of SEQ ID NO:337
CDR-L3: residues 88-96 of SEQ ID NO:337
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VH E9-SE2 CDR Set

CDR-H1: residues 31-37 of SEQ 1D NO:338
CDR-H2: residues 52-67 of SEQ ID NO;338
CDR-H3: residues 100-110 of SEQ ID NO:338
VL ES-SE2 CDR Set

CDR-L1: residues 23-33 of SEQ |D N(:339
CDR-L2:  residues 49-55 of SEQ ID NO:339
CDR-L3: residues 88-96 of SEQ 1D NO:339
VH ES-SE3 CDR Set

CDR-H1: residues 31-37 of SEQ 1D NO:340
CDR-H2: residues 52-67 of SEQ 1D NO:340
CDR-H3: residues 100-110 of SEQ 1D NO:340
VL E9-SE3 CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:341
CDR-L2: residues 49-55 of SEQ 1D NO:341
CDR-L3: residues 88-96 of SEQ ID NO:341

VH E9-SE4 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:342
CDR-H2: residues 52-67 of SEQ |D NO:342
CDR-H3:  residues 100-110 of SEQ ID NO:342
VL E9-SE4 CDR Set

CDR-L1: residues 23-33 of SEQ 1D NO:343
CDR-L2: residues 49-55 of SEQ ID NO:343
CDR-L.3: residues 88-96 of SEQ ID NO:343
VH E9-SE5 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:344
CDR-Hz: residues 52-67 of SEQ ID NO:344
CDR-H3: residues 100-110 of SEQ 1D NQ:344
VL E9-SE5 CDR Set

CDR-L1: residues 24-34 of SEQ 1D NO:345
CDR-L2: residues 50-56 of SEQ 1D NO:345
CDR-L3: residues 89-97 of SEQ ID NO:345
VH E9-SE6 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:346
CDR-H2: residues 52-67 of SEQ ID NO:346
CDR-H3: residuss 100-110 of SEQ ID NO:346
VL ES-SE6 CDR Set
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CDR-L1: residues 23-33 of SEQ ID NO:347
CDR-L2: residues 49-55 of SEQ 1D NQ;347
CDR-L3: residues 88-96 of SEQ 1D NO:347
VH E9-SE7 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:348
CDR-H2: residues 52-67 of SEQ 1D NO:348
CDR-H3: residues 100-110 of SEQ 1D NO:348
VL EQ-SE7 CDR Set

CDR-L1: residues 24-34 of SEQ 1D NO:349
CDR-L2: residues 50-56 of SEQ ID NO:349
CDR-L3: residues 89-97 of SEQ 11D NO:348
VH E8-SE8 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:350
CDR-H2: residues 52-67 of SEQ 1D NQO:350
CDR-H3: residues 100-110 of SEQ ID NO:350
VL EO-SES CDR Set

CDOR-1.1: residues 24-34 of SEQ {D NO:351
CDR-L2: residues 50-56 of SEQ 1D NQ:351
CDhR-L3: residues 80-97 of SEQ 1D NO:351

VH E8-FR1 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:352
CDR-H2: residues 52-67 of SEQ 1D NO:352
CDR-H3: residues 100-110 of SEQ ID NO:352
VL E9-FR1 CDR Set

CDR-L1: residues 24-34 of SEQ ID NO:353
CDR-L2: residues 50~56 of SEQ ID NO:353
CDR-L3: residues 89-97 of SEQ 1D NO:353

VH E9-FR2 CDR Set

CDR-H1: residues 31-37 of SEQ [D NO:354
CDR-H2: residues 52-67 of SEQ ID NO:354
CDR-H3: residues 100-110 of SEQ 1D NO:354
V1. E9-FR2 CDR Set

CDR-LA4: residues 24-34 of SEQ 1D NO:355
CDR-L.2: residues 50-56 of SEQ ID NO:355
CDR-L3: residues 88-87 of SEQ 1D NG:355

VH EQ.71 CDR Set
CDR-H1: residues 31-37 of SEQ ID NO:356
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CDR-H2: residues 52-67 of SEQ ID NO:356
CDR-H3: residues 100-110 of SEQ ID NO:356
VL E9.71 CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:357
CHhRR-1.2: residues 49-55 of SEQ 1D NQ:357
CDR-L3: residues 88-96 of SEQ 1D NO:357

VH E8.71 (M) CDR Set

CDR-H1: residues 31-37 of SEQ ID NQ:358
CDR-H2: residues 52-67 of SEQ ID NO:358
CDR-H3: residues 100-110 of SEQ ID NO:358
VL E9.71 (M) CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:359
CDR-L2: .résidu_es 49-55 of SEQ ID NO:359
CDR-L3: residues 88-96 of SEQ ID NO:359
VH E9.71 (L) CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:360

CDR-H2: residues 52-67 of SEQ 1D NO:360
CDR-H3: - residues 100-110 of SEQ ID NO:360
VLEQ.71 (L) CDR Set

CDR-LT: residues 23-33 of SEQ ID NO:361
CDR-L2: residues 49-55 of SEQ ID NO;361
CDR-L3: residues 88-96 of SEQ ID NO:361

3. The binding protein according {o claim 2, comprising at least two variable domain
CDR sets.
4, The binding protein according to claim 3, wherein said at least two variable domain

CDR sets are selected from a group consisting of:
VH ES CDR Set and VL ES CDR Set,

VH E9.4 CDR Set and VL E9.4 CDR Set,

VH E9.11 CDR Set and VL E9.11 CDR Set,

VH ES.14 CDR Set and VL E9.14 CDR Set,

VH E9.17 CDR Set and VL E9.17 CDR Set,

VH ES.18 CDR Set and VL £9.18 CDR Set,

VH E9.19 CDR Setand VL E9.19 CDR Set,

VH E9.22 CDR Set and VL E9.22 CDR Set,

VH E£9.48 CDR Setand V6L E9.48 CDR Set,
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VH E9.65 CDR Set and VL £9.65 CDR Set,

VH £9.66 CDR Set and VL E9.66 CDR Set,

VH E9.71 CDR Set and VL. E9.71 CDR Set,

VH E9.13 CDR Set and VL £9.13 CDR Set,

VH E£9.16 CDR Set and VL. £9.16 CDR Set,
VH'E9.38 CDR Set and VL. E2.38 CDR Set,

VH ES.2B CDR Set and VL £9.2B CDR Set,
VH E9.1F CDR Set and VL E9.1F CDR Set,

VH E9.10H CDR Set and VL E2.10H CDR Set,
VH E98.5E CDR Set and VL ES.5E CDR Set,
VH E£9.10C CDR Set and VL £9.10C CDR Set,
VH E9.7E CDR Set and VL. EQ.7TE CDR Set,
VH E9.12B CDR Set and VL E9.12B CDR Set,
VH E9.10E CDR Set and VL E9.10E CDR Set,
VH EQ9.6A CDR Set and VL. E9.6A CDR Set,
VH EQ.7A CDR Setf and VL EQ.7A CDR Set,
VH E9.8H CDR Set and VL. E9.8H CDR Set,
VH ES-SE1 CDR Setand VL ES-SE1 CDR Sét,
VH E8-SE2 CDR Set and VL E9-SE2 CDR Set,
VH E9-8E3 CDR Set and VL £E9-SE3 CDR Set,
VH E9-SE4 CDR Set and VL. E9-SE4 CDR Set,
VH E9-SEbB CDR Set and VL E9-SE5 CDR Set,
VH E£9-SE6 CDR Set and VL E9-SE6 CDR Set,
VH E9-SE7 CDR Set and VL EG-SE7 CDR Set,
VH E9-SE8 CDR Set and VL E9-SE8 CDR Set,
VH EQ-FR‘I CDR Setand VL E9-FR1 CDR Set,
VH E9-FR2 CDR Set and VL E9-FR2 CDR Set,
VH ES.71 CDR Set and VL. E9.71 CDR Set,

VH E£9.71(M) CDR Set and VL E9.71(M) CDR Set, and
VH ES.71(L) CDR Set and VL E9.71(L) CDR Set.

5. The binding protein according to any one of Claims 1-4, further comprising a human
acceptor framework.

6. The binding protein according to claim 4, wherein said human acceplior framework

comprises an amino acid sequence selected from the group consisting of:

(8375760 _1):GGG



|

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ 1D NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NC.:

SEQ ID NO.:

SEQID NO.:
SEQ ID NO.:

SEQ ID NO.:

SEQ IDNOQ.:

SEQ ID NO.:

SEQ 1D NO.:

SEQID NO.:

SEQ ID NO.:
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10,

14,

22,

38,

50,

54,

58,

62,
23,

27,

31,

63,

67,

71,

75,

SEQ ID NO.:
SEQ ID NO.:

SEQ ID NO.:

SEQ 1D NO.:

SEQ ID NO.:

SEQID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQID NO.:

SEQ ID NC.:

SEQ ID NO.:

SEQID NO.:

SEQID NO.

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:
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11,

15,

19

35,

39,

43,

47,

51,

55,

59,

24,

28,

32,

64,

68,

72,

76,

SEQ ID NO..

SEQ IP NO.:

SEQ ID NO.:

SEQ ID NC..

SEQ ID NO.:

SEQ ID NO.:

SEQ 1D NO.:

SEQ D NO.:

SEQ D NO.:

SEQ ID NO.;

SEQID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQID NO.:

SEQ ID NO.:

SEQ ID NO.:

12,

16,

20,

36,

40,

44,

48,

52,

58,

60,

25,

29,

33,

65,

69,

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ IDNO.:

SEQ 1D NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

SEQ ID NO.:

17,
21,

37,

s 41,

45,

49,

53,

57,

61,

26,

30,

34,

66,

70,

74,

78,
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SEQ IDNO.: 79, SEQ ID NO.: 80, SEQ ID NO.: 81, SEQ ID NO.: 82,
SEQ ID NO.: 83, SEQ ID NO.: 84, SEQ ID NO.: 85, SEQ ID NO.: 86,
SEQID NO.: 87, SEQ ID NO.: 88, SEQ ID NO.: 89, SEQ ID NO.: 90,
SEQ ID NO.: 91, SEQ ID NO.: 92, SEQ ID NO.& 93, SEQ ID NO.: 94,
SEQ ID NO.: 95, SEQ ID NO.: 96, SEQ ID NO.: 97, and SEQ ID NO.: 98.

7. The binding protein according to claim 6, wherein said human acceptor framework
comprises at least one framework region amino acid substitution at a key residue,
said key residue selected from the group consisting of:

a residue adjacent to a CDR;

a glycosylation site residue;

a rare residue;

a residue capable of interacting with human DLL4

a canonical residue;

a contact residue between heavy chain variable region and light chain
variable region;

a residue within a Vernier zone; and

a residue in a region that overlaps between a Chothia-defined variable heavy
chain CDR1 and a Kabat-defined first heavy chain framework.

8. The binding protein according to claim 7, wherein said key residue is selected from
the group consisting of: 2H, 4H, 24H, 26H, 27H, 29H, 34H, 35H, 37H, 39H, 44H,
45H, 47H, 48H, 49H, 50H, 51H, 58H, 59H, 60H, 63H, 67H, 69H, 71H, 73H, 76H,
78H, 91H, 93H, 94H, 21, 4L, 251, 29L, 27bL, 33L, 34L, 36L, 38L, 43L, 44L, 461, 47L
48L, 49L, 55L, 581, 621, 64L, 71L, 87L, 89L, 90L, 91L, 94L, and 95L.

]

9. The binding protein according to claim 1, wherein said binding protein comprises at
least one variable domain having amino acid sequence selected from the group
consisting of:

SEQ ID NOS:1, 111, 116, 228, 120, 232, 124, 236, 128, 240, 132, 244, 136, 248,
140, 252, 144, 256, 148, 260, 1562, 264, 156, 268, 160, 216, 164, 220, 168, 224, 172,
272,176, 276, 180, 300, 184, 292, 188, 280, 192, 288, 196, 296, 200, 284, 204, 304,
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208, 308, 212, 312, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346,
347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, and 361.

10. The binding protein according to claim 9, wherein said binding protein comprises two
variable domains, wherein said two variable domains have amino acid sequences
selected from the group consisting of: SEQ ID NOS:1 and 111, SEQ 1D NOS:116 and
228, SEQ ID NOS:120 and 232, SEQ ID NOS:124 and 236, SEQ 1D NOS:128 and
240, SEQ 1D NOS:132 and 244, SEQ ID NOS:136 and 248, SEQ ID NOS:140 and
252, SEQ ID NOS: 144 and 256, SEQ ID NOS:148 and 260, SEQ 1D NOS:152 and
264, SEQ ID NOS:156 and 268, SEQ ID NOS: 160 and 216, SEQ ID NOS: 164 and
220, SEQ ID NOGS:168 and 224, SEQ ID NOS:172 and 272, SEQ ID NOS:176 and
276, SEQ ID NOS:180 and 300, SEQ ID NOS:184 and 292, SEQ 1D NOS:188 and
280, SEQ ID NOS:192 and 288, SEQ ID NOS:196 and 296, SEQ 1D NOS:200 and
284, SEQ ID NOS:204 and 304, SEQ ID NOS:208 and 308, SEQ ID NOS:212 and
312, SEQ ID NOS:334 and 335, SEQ ID NOS:336 and 337, SEQ ID NOS:338 and
339, SEQ 1D NOS:340 and 341, SEQ ID NOS:342 and 343, SEQ ID NOS:344 and
345, SEQ ID NOS:346 and 347, SEQ ID NOS:348 and 349, SEQ ID NOS:350 and
351, SEQ ID NOS:352 and 353, SEQ ID NOS:354 and 355, SEQ ID NOS:356 and
357, SEQ ID NOS:358 and 359, SEQ D NOS:360 and 361.

11. The binding protein according to claim 8, wherein said binding protein comprises at
least one variable domain having an amino acid sequence selected from the group
consisting of: SEQ 1D NOS:1, 111, 116, 228, 120, 232, 124, 236, 128, 240, 132, 244,
136, 248, 140, 2562, 144, 256, 148, 260, 152, 264, 156, 268, 160, 216, 164, 220, 168,
224,172,272, 176, 276, 180, 300, 184, 292, 188, 280, 192, 288, 196, 296, 200, 284,
204, 304, 208, 308, 212, 312, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344,
345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, and
361.

12.  The binding protein according to claim 1, further comprising a heavy chain
immunoglobulin constant domain selected from the group consisting of: a human IgM
constant domain; a human igG1 constant domain; a human IgG2 constant domain; a:
human IgG3 constant domain; a human IgG4 constant domain; a human IgE

constant domain and a human IgA constant domain.

13. The binding protein according to claim 9, wh_arein said heavy chain immunogiobulin

“constant domain is a human IgG1 constant domain, said human 1gG1 constant
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15.

- 16.

17.
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domain comprising amino acid sequence selected from the group consisting of SEQ
ID NO:2 and SEQ ID NO:3.

The binding protein according to claim 1, further comprising a light chain
immunoglobulin constant domain, wherein said light chain immunoglobulin constant -
domain is a human lg kappa constant domain comprising amino acid sequence SEQ
ID NO:4,

The binding proteéh according to claim 1, further comprising a light chain
immunoglobulin constant domain, wherein said light chain immunoglobulin constant
domain is a human Ig lambda constant domain comprising amino acid sequence
SEQ ID NO:5.

The binding protein according to Claim 1 wherein said binding protein is selected
from the group consisting of: an immunoglobulin molecule, an scFv, a monoclonal
antibody, a human antibody, a chimeric antibody, a humahized antib(:‘)dy, a single
domain antibody, a Fab fragment, a Fab’ fragment, an F(ab'"),, an Fv, a disulfide
finked Fv, a single domain antibody, a diabody, a multispecific antibody, a bispecific
antibody, and a dual specific antibody.

The binding protein according to claim 16, wherein said binding protein is a human
antibody.

A binding protein capable of binding human DLL-4, said binding protein comprising:
an Ig constant heavy region having an amino acid sequence selected from the group
consisting of SEQ 1D NO:2 and SEQ 1D NO:3:

an Ig constant light region having an amino acid sequence selected from the group
consisting of SEQ 1D NO:4 and SEQ ID NO:5:

an ig variable heavy region having an amino acid sequence selected from the group
consisting:

SEQ ID NOS:1, 116, 120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164,
168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 334, 336, 338, 340 342
344, 346, 348, 350, 352, 354, 356, 358, and 360; and

an Ig variable light region having an amino acid sequence selected from the group
consisting:

1

/' (8375760_1:GGG
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18,

20.

21.

22,

23,

24.

25,

26.

27.
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SEQ ID NOS:111, 228, 232, 236, 240, 244, 248, 252, 256, 260, 264, 268, 218, 220,
224, 272, 276, 300, 292, 280, 288, 296, 284, 304, 308, 312, 335, 337, 339, 341, 343,
345, 347, 348, 351, 353, 355, 357, 359, and 361.

The binding protein according to Claim 18, wherein the lg constant light region is
SEQ ID NO:5.

The binding protein according to any one of Claims 1 to 19, wherein the binding
protein is capable of blocking DLL4 interaction with a Notch protein selected from the
group consisting of Notch-1, Notch-2, Noich-3, Notch-4, and combinations thereof,

The binding protein according to Claim 20, wherein the binding protein is capable of
blocking DLL4 interaction with Noteh-1 and Notch-4.

The binding protein according to any one of Claims 1 to 21, wherein the binding
protein is capable of modulating a biological function of DLLA4.

The binding protein according to any one of Claims 1 to 21, wherein said binding
profein is capable of neutralizing a DLL

The binding protein according to claim 23, wherein said DLL4 is selected from the

group consisting of: human DLL4, mouse DLL4, cynomoigus DLL4, and rat DLL4,

The binding protein according to claim 23, wherein said binding protein is capable of

reducing normal angiogenesis.

The binding protein according to claim 23, wherein said binding protein has a
dissociation constant (Kp) selected from the group consisting of: at most about 107
M; at most about 10 M; at most about 10° M; at most about 10°° M: at most about
10" M; at most about 1072 M: and at most 107 M.

The binding protein according to claim 23, wherein said binding protein has an on
rate selected from the group consisting of: at least about 10*°M's™; at least about
10°M"s™; at least about 10*M's™: at least about 10°M's™; and at least about 105\

g,
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28. The binding protein according to claim 23, wherein said binding protein has an off

rate selected from the group consisting of: at most about 10°s™; at most about 10™s°

1. at most about 10%s™: and at most about 109%™,

29. A labeled binding protein comprising a binding protein of Claim 16, wherein said

binding protein is conjugated to a detectable label.

30. An antibedy construct comprising a binding protein described in Claim 1 and further

comprising a linker polypeptide or an immunoglobulin constant domain.

31. The antibody construct according to claim 30, selected from the group consisting of:

an immunoglobulin molecule,
a monoclonal antibody,

a chimeric antibody,

a CDR-grafted antibody,

a humanized antibody,

a Fab,

a Fab’,

a Flab')s,

a Fv,

a disulfide linked Fv,

a sckv,

a single domain antibody,

a diabody,

a multispecific antibody,

a dual specific antibody, and

a bispecific antibody.

32. The antibody construct according to claim 30, wherein said antibody construct

comprises a heavy chain immunoglobulin constant domain selected from the group

consisting of:

(8375760_11GGG

a human IgM constant domain,

a human IgG1 constant domain,
a human IgG2 constant domain,
a human 1gG3 constant domain,
a human IgG4 constant domain,

a human IgE constant domain,
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34.

35.

36.

37.

38.

39.

40.
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a human IgA constant domain,

and an IgG constant domain variant with one or more mutations
altering binding strength to Fc¢ neonatal receptor, Fc gamma
receptors, or C1q.

An antibody conjugate comprising an antibody construct as described in Claim 30,

wherein said antibody construct is conjugated to a therapeutic or cytotoxic agent.

The antibody conjugate of Claim 33, wherein said therapeutic or cytotoxic agent is
selected from the group consisting of: an anti-metabolite, an alkylating agent, an
antibiotic, a growth factor, a cytokine, an anti-angiogenic agent, an anti-mitotic agent,

an anthracycline, toxin, and an apoptotic agent.

An isolated nucleic acid encoding a polypeptide selected from the group consisting
of: a polypeptide comprising a heavy chain variable domain, wherein the heavy chain
variable domain comprises one or more of CDR-Hi, a CDR-H2, or a CDR-H3 as
described in Claim 1; a polypeptide comprising a light chain variable domain, wherein
the light chain variable domain comprises one or more of CDR-L1, a CDR-L.2, or a
CDR-L3 as described in Claim 1; or a combination of both polypeptides.

A vector comprising an isolated nucleic acid according to Claim 35.

A host cell comprising a vector according to Claim 36, wherein said cell is not a

transformed host cell within a human.

The host cell according to ciaim 37, wherein said host cell is a eukaryotic celil
selected from the group consisting of: a protist cell, an animal cell, a plant cell, and a
fungal cell.

The host cell according to claim 38, wherein said eukaryotic cell is an animal cell
selected from the group consisting of: 2 mammalian cell, an avian cell, and an insect
cell.

The host cell according to claim 38, wherein said host cell is a CHO cell, a COS, a

Sf9 cell, or a yeast cell.

(8375760 _1):GGG



41.

42.

43,

44,

45.

46.

47.

48.

164

A method of producing a binding protein that binds human DLL4, comprising
culturing the host cell of Claim 37 in a culture medium under conditions sufficient to

produce a binding protein that binds human DLLA4.
A binding protein produced according to the method of claim 41.

A crystallized binding protein comprising a binding protein according to Claim 1,

wherein said binding protein exists as a crystal.

A pharmaceutical composition comprising the binding protein of any one of Claims 1
to 19 or 42, and a pharmaceutically acceptable carrier, and optionally comprising an

additional therapeutic agent.

The pharmaceutical composition of claim 44, wherein said additional agent is
selected from the group consisting of: angiogenesis inhibitors: kinase inhibitors; co-
stimulation molecule blockers; adhesion molecule biockers; anti-cytokine antibody or
functional fragment thereof, methotrexate; corticosteroids; cyclosporine; rapamycin;

FK508, and non-steroidal anti-inflammatory agents.

Use of the binding protein of any one of Claims 1 to 19, or 42, in the manufacture of a
pharmaceutical composition for reducing human DLL4 activity,

Use of the binding protein of any one of Claims 1 to 19, or 42, in the manufacture of a
pharmaceutical composition for reducing human DLL4 aciivity in a human subject

suffering from a disorder in which DLL4 activity is detrimental.

The use of Claim 47, wherein said disorder is selected from the group consisting of:
breast cancer, colon cancer, rectal cancer, lung cancer, cropharynx cancer,
hypopharynx cancer, esophageal cancer, stomach cancer, pancreas cancer, liver
cancer, gallbladder cancer, bile duct cancer, small intestine cancer, urinary tract
cancer, femaile genital tract cancer, male genital tract cancer, endocrine gland
cancer, skin cancer, hemangiomas, melanomas, sarcomas, brain tumor, nerve
cancer, eye tumor, meninges cancer, solid tumors from hematopoietic malignancies,
tumor metastases, ocular neovascularization, edema, rheumatoid arthritis, multiple
sclerosis, atheroscleorotic plagues, Crohn's disease, inflammatory bowel disease,
refractory ascites, psoriasis, sarcoidosis, arterial arteriosclerosis, sepsis, peptic

ulcers; burns, and pancreatitis, polycystic ovarian disease (POD), endometriosis,
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uterine fibroids, benign prostate hypertrophy, and other angiogenesis independent
and dependent diseases characterized by abberant DLL4 activity.

49. Use of the binding protein of any one of Claims 1 to 19, or 42, in the manufacture of a
pharmaceutical composition for treating a patient suffering from a disorder in which
DLL4 is detrimental, wherein said composition is for administration before, concurrent
with, or after the administration of a second agent, wherein the second agent is
selected from the group consisting of an antibody or fragment thereof capabie of
binding human VEGFR2; methotrexate; an antibody, or fragment thereof, capable of
binding human TNF; corticosteroids, cyclosporine, rapamycin, FK508, and non-

steroidal anti-inflammatory agenis,
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