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art for ther aped fdditigpirit ghisiofgistigols DLLA isgetsailyier Heupprbirofrsel (Gat way and
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Summary of e | he invention pr s_t hat nd DLL4,

i ncl udi ng a h%@ogﬁggiz@%ﬁgaFﬁﬁm‘ R 1o %oﬁfﬁé% %ﬁ%%gcﬁﬂg %m?W§bﬁths

t her eof , t h@trcarRes. . dapgabhoahidRend); Nggbtat BoisdRut eff, dald, $44(7a22058 1 di3fg prot ei n
described herein binds DLL4 with high affinity. Mre preferably, a binding
protein according to the invention is clapable of neutralizing DLL4. The

i nvention al so provides nmethods of making and using DLL4 bindi ng proteins,
i ncl udi ng human DLL4 bi ndi ng proteins. Advantageously, the invention
elimnates the need to prepare humani zed DLL4 bi ndi ng proteins; thereby,
elimnating the conplications associated with humani zed DLL4 bi ndi ng
proteins. 20 One aspect of this invention pertains to a binding protein




35X3is Y, N or S X4isY, X5isT, N A I, S or R X6is G X7 is S,
N, T, or G X8is T, X9is Y; 5X10is ¥Y; Xuis N X112 is P; X13is S; X 04
is L; 1086 2081/€596and X16 is S, N, D, or G CDR-H3: X1 XPTXB32044/0XB0X6 X7 X8
X9 X10 Xu (SEQ I D NG 101), wherein; X1 is E, Y, F, Q W L, or A, 15X2 is
Db A S G V, E,L or NN XBisV, ML, Pb or A X4isl, A P, R S K Q
V, G M or Ef X5is L, Y, F, or M X6 is R G S, Q or A 20X7 is G X8

is G A 0r(2(§j6))xglolb1§1dec-'®f D‘LL4%0te1¥]zy ifRibited pr@iar%%@oﬂl ovith indRGkipldodes Y, D, S, N,
H E R L, X4 X5 X7 X8 X9

X10 Xu (SEdNPﬁbleﬁGr"lif‘oeéjﬂ Nﬁﬂ?r ﬁ4§7?22*110§§1(§7 %%996) %1d%¥ay§b*>k31\’?%red4§(él >%5r D, x4
is R S, G I10Rs-1087 (2006)08ceHret &X5l.,iBgooll,; 10X61)i 47584766 1200%)).rernhihiticBbXBLL4s K; X9 is

E;O ;_%g) s sz% reve}{;eft& ge agalgst%%%‘g()rsl {Rat §1‘e re%t%(?&nﬂ%@ﬁ%h%%y e%%m%qgatggﬂ (SEQ I D
- "5 inhibition of both DLL4 and VEGF provided an enhanced anti-tumor activity. Interestingly,

unlike VEGF inhibition that reduces tumor vessel formation, DLL4 blockade leads to an increase
in tumor vasculature density wherein the vessels are abnormal, cannot support efficient blood
transport, and are effectively nonfunctional. Thus, DLL4 provides a potential target for cancer
treatment.

10 There is 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 Invention

The invention provides proteins that bind DLLA4, including antibodies, CDR-grafted
antibodies, and binding fragments thereof, that are capable of binding DLL4. Preferably, a

15  binding protein described herein binds DLL4 with high affinity. More preferably, a binding
protein according to the invention is capable of neutralizing DLL4. The invention also provides
methods of making and using DLL4 binding proteins, including human DLL4 binding proteins.
Advantageously, the invention eliminates the need to prepare humanized DLL4 binding proteins;
thereby, eliminating the complications associated with humanized DLL4 binding proteins.

20 One aspect of this invention pertains to a binding protein comprising an antigen binding
domain capable of binding human DLLA4, said antigen binding domain comprising at least one or
more CDRs selected from the group consisting of:

CDR-H1: X;-X,-X3—X;—X:-X,~X, (SEQ ID NO:99), wherein;
X, is S or Ny
25 X, 1is S, G, or N;
X5 is S, N, T, G, or R;
X, 1s Y
Xs 1is Y or H;
Xs 1s W; and
30 X; is G;
CDR-HZ2: X1=X;=X3=Xs=X5=Xs=X7=Kg=Ko=X10=X117 K12 X137 K14 X157 %15 (SEQ
ID NO:100), wherein;
X4 is D;
X, is I:;
35 X5 is Y, N, or S;
X, 1s Y
X5 is T, N, A, I, S, or R;



XlisEor Q X2is Db X3is S, L, T, A E or F, is K T, EE N Q S,
or M X5is R X6is P, and X7 is S; wherein; 10and CDR-L3: X1 X2 X3 X4 X5
X6 X7 X8 WO 208HQ46D NO 104), wherein; X1 is Q X2 is A PEB/US01W4700d5X4 i s
Db X5isR S, M E N G or K X6isDor E, X7is T, V, A S or M X8
is G A or C and 20X9 is V. Preferably, the antigen binding domain of a
DLL4 binding protein of the invention conprises at | east one CDR conpri sing
an am no acid sequence sekeeteg fromthe group consisting of:

resi dues 31-37 of SEQ ID NO. 1 SIgCDR H1l); residues 52-67 of SEQ ID NO 1
(CDR-25H2) ; resi dues 100-1106°01" SEQ1 D'NG 1 (CDR-H3): residues 23-33 of SEQ
ID NO 111 (CDR-L1); residaess49-55 of SEQ | D NG 111 (CDR-L2); residues
88-96 of SEQ ID NO 111 (QDBSL@ SEQ ID NO 117 (CDR-Hl); SEQ ID NO 118
(CDR- H2) ; SEQIDNQll9((fDR SEQ I D NO 121 (CDR-Hl); SEQ ID NG 122

( CDR- H2)5 SEQ I D NO 123 (%‘,IIDRl ) 30 SEQ ID NO 125 (CDR-Hl); SEQ ID NG 126
(CDR-H2); SEQ ID NG 127 (£DRH3)Y; SEQ ID NO 129 (CDR-Hl); SEQ I D NGO 130
(CDR-H2); SEQ ID NO 131 (%E{%) SEQ ID NO 133 (CDR-Hl); SEQ ID NO 134

(CDR-H2); SEQ I D NO: 135 ( SEQ I D NO 137 (CDR-H1); SEQ I D NO 138
(CDR-H2); SEQ I D NO 139 (EE)R—SH@) SEQ I D NO 141 (CDR-H1); SEQ I D NO 142
(CDR-H2): SEQ I D NO 143 (gp@sr@ 35 SEQ I D NO 145 (CDR-H1); SEQ I D NO: 146
(CDR—HZ%O' SEQ I D NO 147 (CDR-H3); SEQ I D NO 149 (CDR-H1); SEQ I D NO 150
(CDR- H2)", SEQ I D NO 151 (@F\*f’i—é)';a@EQlD NO. 153 (CDR-H1); SEQ I D NG 154
(CDR-H2); SEQ I D NO 155 (CDRH3);n, SEQot B3;:NO 157 (CDR-H1); SEQ I D NO 158

1
1
Eéx %%&:}% ;Noggg):,

(CDR-H2): SEQ | 59 | D NO 162
(CDR-H2): SEQ | %D%%‘%es %%%tg%% éE%ﬂ 8 %g D NO 166
(CDR-H2); SEQ | DhRE:#67 (CDR-H3): SEQ I D NO 169 (CDR-HL); SEQ I D NO 170
(CDR-H2); SEQ ID NO 171 (£DRsH3)iy, B, SEQul D NQ.1¥3 (CDR-H1); SEQ ID NO 174
(CDR-H2); SEQ ID NO 175 (CDR-H3); SEQ I'D NQ'177 (CDR-HL): SEQ ID NO 178

( CDR- HZii, SEQ I D NO 179 (EDREH) 2 sSEQ 9 DNG 181 “éCDR H1); SEQ I D NO 182
(CDR-H2); SEQ I D NO 183 (CDRsHB) M, SEQH,DoNG: 185 (CDR-Hl); SEQ I D NO 186
CDR- H2); SEQ I D NO 187 - H3) ;, SEQ 1 1), SEQ I D NO 190
§CDR.H23; SEQ I D NO 191 §%H3%AS§ e NC% %o%g??%ﬁj EQIDNQl94

(CDR-H2): SEQ I D NO 195 (E€DRSH3) Y- SEquDMNo 197 (CDR-HL); SEQ
(CDR-H2): SEQ I D NO 199 (£DRsH3) i, SEQd,DoNQ ;201 ( CDR-H1): SEQ
(CDR—HZ%Q' SEQ I D NO 203 (%Eém); SEQ I'D NO 205 (CDR-H1); SEQ

——————Wn—

(CDR- H2J" SEQ I D NO 207 ( . SEQ I D NO 209 (CDR-H1): SEQ 10
(CDR-H2): SEQ I D NO 211 (CDRsHB) A, 45 SEQ | D NO 213 (CDR-HL); SEQ | D NO 214
(CDR-H2): SEQ I D NO 215 (ngeSk@),A SLEQd D:NQ,217 (CDR-L1); SEQ I D NO 218
(CDR-L2): SEQ ID NO 219 (CDR-L3); 'SEQ I'D NO 221 (CDR-L1); SEQ I D NO 222
(CDR-L2); SEQ I D NO 223 (SL@) :aEQ | D NO 225 (CDR-L1): SEQ I D NO 226

(CDR-L2); SEQ ID NO 227 (€PR4.3);pSEQ kP fNO=229, (CDR: L) 1, SEQT, Do NO 230
( CDR- LZ%S' SEQ ID NO 231 (CDR-L3); 20 SEQ ID NO 233 (CDR-L1); SEQ ID NO 234
(CDR-L2J% SEQ ID NO 235 (CDR'L3); SEQ ID NO 237 (CDR-L1); SEQ I D NO 238
(CDR-L2): SEQ | DDRELD39 X(-CDR:ER)X:-SEEXHB:NO 24 ( DR LID) NOSEQ)L D NO. 242
(CDR-L2); SEQ I Qu@ 243 (CDR-L3); SEQ I D NO 245 (CDR-L1); SEQ I D NO 246
(CDR-L2): SEQ I D NO 247 (CDR L3); SEQ ID NO 249 (CDR-L1); SEQ ID NO 250
(CDR-L2): SEQ ID NO 251 (€DRSL%): 25 SEQ ID NO 253 (CDR-L1); SEQ I D NO 254
(CDR-L2): SEQ ID NO 255 (€DRsL3): SEQ ID NO 257 (CDR-L1); SEQ I D NO 258

(CDR—LZ%O' SEQ | D NO 259 (%EL@) E!QIJDNOZM(CDR L1); SEQ ID NO 262
(CDR-L2): SEQ I D NO 263 ( "SEQ 1D NO 265 (CDR-L1); SEQ ID NO 266
(CDR-L2): SEQ I D NO 267 (XDRsL®) S, SEQMDKNG269 TCDR-L1); SEQ | D NO 270
(CDR-L2): SEQ ID NO 271 (@BSL];%) 30 SEQ I D NO 273 (CDR-L1): SEQ ID NO 274

|
|
S
(CDR-L2); SEQ ID NO 275 (CDR-L3); SEQ ID NO 277 (CDR-L1); SEQ |
(CDR-L2); SEQ ID NO 279 (@Jﬁ?L%%; SEQ I D NO 281 (CDR-L1); SEQ |
(CDR-L2); SEQ I D NO 283 (€DRsL3)or SEQ | D NO 285 (CDR-L1); SEQ |
(CDR-LZ%jf SEQ I D NO 287 (LDR:L3); SEQ I D NO. 289 (CDR-L1); SEQ |
S
|
|
|
|

(CDR-L2)7 SEQ ID N0 291 (CDR'L3): 35 SEQ ID NO 293 (CDR-L1); SEQ ID NG 294
(CDR-L2); SEQ ID NO 295 (€DRSL%); SEQ I D NO 297 (CDR-L1); SEQ ID NO 298
(CDR-L2); SEQ I D NO 299 (£DR-d 3)or SEQah® NO 301 (CDR-L1); SEQ I D NO 302
(CDR-L2); SEQ ID NO 303 (CDR L3); SEQ ID NO 305 (CDR-L1); SEQ ID NO 306
(CDR-L2); SEQ ID NO 307 (CDR-L3); SEQ ID NO 309 (CDR-L1); SEQ ID NO 310

(CDR-L2); SEQ ID NO 311 (CDR-L3); SEQ ID NO 313 (CDR-L1); SEQ ID NO 314
(CDR-L2); SEQ ID NO 315 (CDR-L3); residues 31-37 of SEQ ID NGO 334 (CDR-H1);
resi dues 52-67 of SEQ ID NO 334 (CDR- 5H2); residues 100-110 of SEQ ID

NO 334 (CDR-H3); residues 23-33 of SEQ ID NO 335 (CDR-L1); residues 49-55
of SEQ ID NO 335 (CDR-L2); residues 88-96 of SEQ ID NO 335 (CDRL3);

re5| dues 31 37 of SEQ | D NO 336 (CDR H1); re5| dues 52 67 of SEQ | D NO 336
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resi dues 23-33 of SEQ ID NO 339 (CDR-L1); residues 49-55 of SEQ I D NO 339
(CDR- 15L2); residues 88-96 of SEQ ID NO 339 (CDR-L3); residues 31-37 of
SEQ | D NOWB2011(CB¥R4H1) ; resi dues 52-67 of SEQ | D NO 340 PCTDR2HBN370n€sSi dues
100-110 of SEQ I D NO 340 (CDR-H3); residues 23-33 of SEQ ID NO 341
(CDR-L1); residues 49-55 of SEQ ID NO 341 (CDR-L2); residues 88-96 of SEQ
I D NO 341 (CDR-L3); 20residues 31-37 of SEQ ID NGO 342 (CDR-Hl); residues
52-67 of SEQ I D NO 342 (CHR-idH2); residues 100-110 of SEQ I D NO 342

CDR- H3) ; i dues 23-33 of SEQ I.D.NQ.3 1) i dues 49-55 of SE
I(D N03213 EEE)IRE ;_Lg‘es%d%éég_g‘f§6_xdfx7 é%é%s%@{%ﬁeﬁ%“ of S%

resi dues 31-37 of SEQ I D NOi84# orCDR- H1) ; residues 52-67 of SEQ | D NO 344
(CDR- 25H2); residues 100110 of SEQ I D NO 344 (CDR-H3); residues 24-34 of
SEQ I D NO 345 (CDR-L1); residues 50-56 of SEQ ID NO 345 (CDR-L2); residues
89-97 of> SEQ I D NO: 345 (CORE3); Lre&i due§’ 3= 37 of SEQ I D NO 346 (CDR-HL1);
resi dues 52-67 of SEQ I D NOid46 CDR- h2) o, resicdues 100- 110 of SEQ I D NO 346
(CDR-H3); 30residues 23-33 of SEQ ID NO 347 (CDR-L1); residues 49-55 of SEQ
| D NO 347 (CDR- L2); residués 88-96 of SEQ ID NO 347 (CDR-L3); residues
31-37 of SEQ I D NO 348 (CDRiH1§:; arési dues 52-67 of SEQ | D NO 348 (CDR-H2);
residues 100-110 of SEQ I P NO 348 (CDR- H3); resi dues 24-34 of
SEQ I D NO 349 (CDR-L1); residues 50-56 of SEQ ID NG 349 (CDR- 35L2);

resi due’ 89-97 GFISEQ | D NO 349 (CDR-L3); residues 31-37 of SEQ I D NO 350
(CDR-H1); residuss-52- 6% -0f,—SEQ D NX-350-x; CDRoH2) ;Nna:esi dueshd0nt10 of SEQ
| D NO 350 (CDR-H3); residyes_ 24-34 of SEQ ID NO 351 (CDR-L1); residues
50-56 of SEQ I D NO 351 ( L2y residues 89-97 of SEQ I D NO 351 (CDR-L3);
resi dues 31-37 of SEQ I D NOi852 (CDR-Hl); residues 52-67 of SEQ I D NO 352
(CDR-H2); residues 100-119 of y9EQ I D NO 352 (CDR-H3); 5residues 24-34 of
SEQ I D ﬁo 353 (CDR-L1); residues 50-56 of SEQ ID NGO 353 (CDR- L2); residues
89-97 of” SEQ I D NO 353 (CDR'E3Y" residues 31-37 of SEQ I D NO 354 (CDR-H1);
resi dues 52-67 of SEQ I D NOi85%, (SCDR- H2) N, resicdues 100-110 of SEQ I D NGO 354
(CDR- H3) ; resi dues 24-34.of SEQ ID NO 355 (CDR-L1); residues
50-56 of SEQ ID NO 355 (CDR- 10L2); residues 89-97 of SEQ | D NO 355
(CDR-L3); residues 31-37 f 1SED Vb NOS356 ("cDR- H1) ; resi dues 52-67 of SEQ

I D NO 356 (CDR-H2); residuess1900a116-aof; SEQ | D NO 356 (CDR-H3); residues
23-33 oé SEQ I D NO 357 (CDR-,L1); residues 49-55 of SEQ ID NO 357 (CDR-L2);
resi due®’ 88-96 of SEQ I D o35 "(CDR-L3); 15residues 31-37 of SEQ I D NG 358
(CDR-H1); resi dweserfody, Gié aftfgerSkaidddoMNeh 358D I Rdiddd)dteik &@Shedih@stich00- 110 of

SEQ I D NO 358 (CDR-H3): i dues 23-33 of. SEQ ID NGO 359 (CDR-L1); residues
49-55 of s&i‘:}mi”éieiﬁilgé@he(@-ci%% LSRR “oe#\le%%%“? *R3"359 (CDR-L3);
resi dues 31coBsistiog ofSEQ | D NO 360 (CDR-H1); residues 52-67 of SEQ I D NO 360

(CDR- 20H2) ; re%ésﬂfd&%llsegféﬁk?lﬁ)&o;$g&;ﬁ.ﬁl; 36Q 58 GPR-4id)iD NE S [Bies 23- 33 of
SEQ I D NO 361 (CDR-L1); residues 49-55 of SEQ I D NO 361 (CDR-L2); residues

88-96 of> SEQ | DIRGra6es1OHRLO B PEQ A NOHoCRErH 8 nbodi ment, the binding protein
conpri ses at ljeaésstduéfs @@Rsh f SHeo) vsed @bave; r@[@@s@@%bbﬂSE@I]ﬂ)ﬁ@ZS C.z[i)ll_\)lgi gdi nlg g
protein accordi the in i ise or nore i scl ose
above. More pr eRgpgg@fesgﬁeé\ég"?%ﬁgclg)%@Lﬁﬁéggﬁg?‘i ses three or nore CDRs

di scl osed above.SEROBIN(pIgf(@PRbl1Y, SEQ IDINO4! IBICRR-HQ); FEQTRINM:1a¢ COYRIHAY to t he

i nvention conpri } [ } i 1 -H2, a
CDR-H3, a CDR. Lf%g%%{zﬁgﬁ,E%ﬂ@%@%ﬁ%@gggﬁlﬁ pEseqib KD Sep@nSI e 2
preferrdd embodiSERAP NQ:Hé (BPRd 1 GERABNEY: 176 ¢ s EBQ AR NOggs t{CIR-BPRs

sel ected from 3QEhapy@ LY (CORSI1FSEQID MNO: LD ecSeauLREQSD fosigl agnduabove.
More preferably, the bindi nﬂ%pr otein _compris sel ected froma set

of vari abl e donssER 1ooRs Ser e UG SFRORRENE 4 T H b SFBIR RO Bl e Sor
CDR- H1: r esi dues SBQ-IBNG{37HEQRIHD); NEQ 1D 3HODBR(EH2R-He s SHQE3 NB236 CIH-HSEQ | D NO 1
CDR- H3resi dues 100~ L1Q).0f (S5Ru1 P MM NO:142 (CDR-H2); SEQ ID NO:143 (CDR-H3);
35 SEQ ID NO:145 (CDR-H1); SEQ ID NO:146 (CDR-H2); SEQ ID NO:147 (CDR-H3);
SEQ ID NO:149 (CDR-H1); SEQ ID NO:150 (CDR-H2); SEQ ID NO:151 (CDR-H3);
SEQ ID NO:153 (CDR-H1); SEQ ID NO:154 (CDR-H2); SEQ ID NO:155 (CDR-H3);

4



VL E9 CDR Set CDR-L1:residues 23-33 of SEQ ID NO 111 CDR-L2: residues 49-55
of SEQ ID NO 111 CDR-L3:residues 88-96 of SEQ ID NO 111 5VH E9.4 CDR Set
CDR- H1: SBQOI2D11M@s917 CDR- H2: SEQ | D NGO 118 CDR- H3: SEQ | DPRO@UB2@0WL708®. 4 CDR
Set 10CDR-L1:SEQ ID NO 229 CDR-L2: SEQ | D NO 230 CDR-L3: SEQ I D NG 231 WH
E9. 11 CDR Set CDR-Hl: SEQ I D NO 121 15CDR-H2: SEQ I D NO 122 CDR-H3: SEQ | D
NO 123 VL E9.11 CDR Set CDR-L1:SEQ I D NO 233 CDR-L2: SEQ | D NO 234

20CDR- L3: SEQ | D Q1B 3%: M (ESR ). SBR 1580: GO HLHSER:) B NE: 33 FCr6iDRs 2: SEQ | D
NO. 126 CDR- H3: EK%% LR NO 127 2oVl Sgg. 14 QDIZQWiDet %R]-ELl: SEStﬁl gﬁg@g
CDR- L2: SEQ | D NOF23B N (SPEEY: SERN 3¢ 2 (R PTEH ) FERHRNEE S >H1: SEQ I D
NO 129 CDR- H2: SEOQIID NIOI 6530DICER); MBO SEQO!: b6 NE-B2); VEQ EI NO7 6 CRRESHS);
o L1 510 MRl RS R AR P SRR, Y
E9. 18 COR Set  SEQIDNO:173 (CDR-H1); SEQ ID NO:174 (CDR-H2); SEQ ID NO:175 (CDR-H3);
SEQ ID NO:177 (CDR-H1); SEQ ID NO:178 (CDR-H2); SEQ ID NO:179 (CDR-H3);
SEQ ID NO:181 (CDR-H1); SEQ ID NO:182 (CDR-H2); SEQ ID NO:183 (CDR-H3);
SEQ ID NO:185 (CDR-H1); SEQ ID NO:186 (CDR-H2); SEQ ID NO:187 (CDR-H3);
SEQ ID NO:189 (CDR-H1); SEQ ID NO:190 (CDR-H2); SEQ ID NO:191 (CDR-H3);
10 SEQ ID NO:193 (CDR-H1); SEQ ID NO:194 (CDR-H2); SEQ ID NO:195 (CDR-H3);
SEQ ID NO:197 (CDR-H1); SEQ ID NO:198 (CDR-H2); SEQ ID NO:199 (CDR-H3);
SEQ ID NO:201 (CDR-H1); SEQ ID NO:202 (CDR-H2); SEQ ID NO:203 (CDR-H3);
SEQ ID NO:205 (CDR-H1); SEQ ID NO:206 (CDR-H2); SEQ ID NO:207 (CDR-H3);
SEQ ID NO:209 (CDR-H1); SEQ ID NO:210 (CDR-H2); SEQ ID NO:211 (CDR-H3);
15 SEQ ID 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 (CDR-L1); SEQ ID NO:222 (CDR-L2); SEQ ID NO:223 (CDR-L3);
SEQ ID NO:225 (CDR-L1); SEQ ID NO:226 (CDR-L2); SEQ ID NO:227 (CDR-L3);
SEQ ID NO:229 (CDR-L1); SEQ ID NO:230 (CDR-L2); SEQ ID NO:231 (CDR-L3);
20 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-L3);
SEQ ID NO:245 (CDR-L1); SEQ ID NO:246 (CDR-L2); SEQ ID NO:247 (CDR-L3);
SEQ ID NO:249 (CDR-L1); SEQ ID NO:250 (CDR-L2); SEQ ID NO:251 (CDR-L3);
25 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:259 (CDR-L3);
SEQ ID NO:261 (CDR-L1); SEQ ID NO:262 (CDR-L2); SEQ ID NO:263 (CDR-L3);
SEQ ID NO:265 (CDR-L1); SEQ ID NO:266 (CDR-L2); SEQ ID NO:267 (CDR-L3);
SEQ ID NO:269 (CDR-L1); SEQ ID NO:270 (CDR-L2); SEQ ID NO:271 (CDR-L3);
30 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-L2); SEQ ID NO:283 (CDR-L3);
SEQ ID NO:285 (CDR-L1); SEQ ID NO:286 (CDR-L2); SEQ ID NO:287 (CDR-L3);
SEQ ID NO:289 (CDR-L1); SEQ ID NO:290 (CDR-L2); SEQ ID NO:291 (CDR-L3);
35 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:298 (CDR-L2); SEQ ID NO:299 (CDR-L3);
SEQ ID NO:301 (CDR-L1); SEQ ID NO:302 (CDR-L2); SEQ ID NO:303 (CDR-L3);

5



CDR-L1: SEQ I D NO 245 CDR-L2: SEQ I D NO 246 CDR-L3: SEQ I D NO 247 VH E9. 19 CDR
Set 10CDR-H1: SEQ | D NGO 137 CDR-H2: SEQ I D NO 138 CDR-H3: SEQ | D NO: 139 VL

E9. 19 CDRvEBen11@feit1l: SEQ | D NO 249 15CDR-L2: SEQ | D NO 270TCTSRR 1084 8EC) | D

NO 251 VH E9. 22 CDR Set CDR-HL: SEQ I D NO 141 CDR-H2: SEQ I D NO: 142

20CDR-H3: SEQ | D NO 143 VL E9. 22 CDR Set CDR-L1:SEQ ID NO 253 CDR-L2: SEQ I D
NO 254 CDR-L3: SEQ I D NO 255 25VH E9. 48 CDR Set CDR-H1: SEQ | D NGO 145

%2?3 ggg :_5) NQEbAD 1\@5@)3'%‘8}3}5@@ ISQQNQ\@TB% Iﬁﬂz 4@@:‘1\1@@67 @PROERHLL: SEQ ID
OOR Hi: SEG T ROPRAE NEUBRE DB SEeFD B NB 1B B TR B P! NEPRILY VL 9. 65

CDR Set CDR-L1: SEQIDNOND3261R-CDRSEQ ISHQ:3| (MR- PH2SHCDR WA:3 SHQDRELINOG, 263 SVH

NG 155 VL B9, 66 Gl SCr THGS 10 SEO T T 5eb ok 5 P T R 2

CDR- L3: SEQ | D N®2z@idues 100-110 of SEQ ID NO:334 (CDR-H3);
residues 23-33 of SEQ ID NO:335 (CDR-L1); residues 49-55 of SEQ ID NO:335 (CDR-

L2); residues 88-96 of SEQ ID NO:335 (CDR-L3);
residues 31-37 of SEQ ID NO:336 (CDR-H1); residues 52-67 of SEQ ID NO:336 (CDR-
H2); residues 100-110 of SEQ ID NO:336 (CDR-H3);
10 residues 23-33 of SEQ ID NO:337 (CDR-L1); residues 49-55 of SEQ ID NO:337 (CDR-
L2); residues 88-96 of SEQ ID NO:337 (CDR-L3);
residues 31-37 of SEQ ID NO:338 (CDR-H1); residues 52-67 of SEQ ID NO:338 (CDR-
H2); residues 100-110 of SEQ ID NO:338 (CDR-H3);
residues 23-33 of SEQ ID NO:339 (CDR-L1); residues 49-55 of SEQ ID NO:339 (CDR-
15 L2); 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 ID NO:340 (CDR-
H2); residues 100-110 of SEQ ID NO:340 (CDR-H3);
residues 23-33 of SEQ ID NO:341 (CDR-L1); residues 49-55 of SEQ ID NO:341 (CDR-
L2); residues 88-96 of SEQ ID NO:341 (CDR-L3);
20 residues 31-37 of SEQ ID NO:342 (CDR-H1); residues 52-67 of SEQ ID NO:342 (CDR-
H2); residues 100-110 of SEQ ID NO:342 (CDR-H3);
residues 23-33 of SEQ ID NO:343 (CDR-L1); residues 49-55 of SEQ ID NO:343 (CDR-
L2); residues 88-96 of SEQ ID NO:343 (CDR-L3);
residues 31-37 of SEQ ID NO:344 (CDR-H1); residues 52-67 of SEQ ID NO:344 (CDR-
25 H2); residues 100-110 of SEQ ID NO:344 (CDR-H3);
residues 24-34 of SEQ ID NO:345 (CDR-L1); residues 50-56 of SEQ ID NO:345 (CDR-
L2); residues 89-97 of SEQ ID NO:345 (CDR-L3);
residues 31-37 of SEQ ID NO:346 (CDR-H1); residues 52-67 of SEQ ID NO:346 (CDR-
H2); residues 100-110 of SEQ ID NO:346 (CDR-H3);
30 residues 23-33 of SEQ ID NO:347 (CDR-L1); residues 49-55 of SEQ ID NO:347 (CDR-
L2); residues 88-96 of SEQ ID NO:347 (CDR-L3);
residues 31-37 of SEQ ID NO:348 (CDR-H1); residues 52-67 of SEQ ID NO:348 (CDR-
H2); residues 100-110 of SEQ ID NO:348 (CDR-H3);
residues 24-34 of SEQ ID NO:349 (CDR-L1); residues 50-56 of SEQ ID NO:349 (CDR-
35 L2); residues 89-97 of SEQ ID NO:349 (CDR-L3);
residues 31-37 of SEQ ID NO:350 (CDR-H1); residues 52-67 of SEQ ID NO:350 (CDR-
H2); residues 100-110 of SEQ ID NO:350 (CDR-H3);
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VH E9. 71 CDR Set CDR-Hl: SEQ | D NO 157 15CDR-H2: SEQ I D NO 158 CDR-H3: SEQ I D
NO 159 VL E9.71 CDR Set CDR-L1:SEQ ID NO 269 CDR-L2: SEQ | D NO. 270

20CDR- L3:y¢8Qo112de4 271 VH E9. 13 CDR Set CDR-Hl: SEQ | D NecTamb2@e41as SEQ | D
NO 162 CDR-H3: SEQ | D NO 163 25VL E9. 13 CDR Set CDR-L1: SEQ I D NO 217

CDR-L2: SEQ I D NO 218 CDR-L3: SEQ I D NO 219 VH E9. 16 CDR Set 30CDR-H1:SEQ I D
NO 165 CDR-H2: SEQ I D NO 166 CDR-H3: SEQ | D NO 167 VL E9. 16 CDR Set

CDR-L1: SEQ I' D NGks2idds 23 3CORSHP DIt § IRCNR 143 Zes(dbR-5b 36 oF$2d ibﬂi@s?ﬂ(&DRVH E9. 38
CDR Set CDR-H1:SEQ I D

E9. 38 CDR Set CDRL[ ldé*éNg"Pb"ﬁ\%Qz‘?g“z%gﬂgEE éé’\g i%o N8D2R 26 CES)EQLS 528 i%l SV
NO 227 VH E9. 2B ré&sidiResSe 37 2OSEHORHO:SE2QCDR-HNQ rdsid3ieCRR7 2 SISED NO:3NOCDR4
CDR- H3: SEQ I D N%é}?% dﬁé@@%@—{% ]?dei%@ﬂ.ﬁg)SEQ I D NO 273 15CDR-L2: SEQ I D
NG 274 CDR-L3:S CDR-H1: SEQ I D NO 177
CDR- H2: SEQ | D N@siipg 24-34 of SEQ ID NO:353 (CDR-L1); residues 50-56 of SEQ ID NO:353 (CDR-
L2); residues 89-97 of SEQ ID NO:353 (CDR-L3);
residues 31-37 of SEQ ID NO:354 (CDR-H1); residues 52-67 of SEQ ID NO:354 (CDR-
H2); residues 100-110 of SEQ ID NO:354 (CDR-H3);
residues 24-34 of SEQ ID NO:355 (CDR-L1); residues 50-56 of SEQ ID NO:355 (CDR-
10 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 100-110 of SEQ ID NO:356 (CDR-H3);
residues 23-33 of SEQ ID NO:357 (CDR-L1); residues 49-55 of SEQ ID NO:357 (CDR-
L2); residues 88-96 of SEQ ID NO:357 (CDR-L3);
15 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-H3);
residues 23-33 of SEQ ID NO:359 (CDR-L1); residues 49-55 of SEQ ID NO:359 (CDR-
L2); 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 (CDR-
20 H2); residues 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 (CDR-
L2); residues 88-96 of SEQ ID NO:361 (CDR-L3).
In another embodiment, the binding protein comprises at least 3 CDRs disclosed above.
Preferably, a DLL4 binding protein according to the invention comprises one or more
25  CDRs disclosed above. More preferably, the binding protein comprises three or more CDRs
disclosed above. Most preferably, a DLL4 binding protein according to the invention comprises
six CDRs described above, i.e., a CDR-H1, a CDR-H2, a CDR-H3, a CDR-L1,a CDR-L2, and a
CDR-L3 described above.
In a preferred embodiment, the binding protein comprises at least 3 CDRs selected from
30  the group consisting of the sequences disclosed above.
More preferably, the binding protein comprises 3 CDRs selected 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
35 CDR-H2: residues 52-67 of SEQ ID NO:1

CDR-H3 residues 100-110 of SEQ ID NO:1



20CDR-H3: SEQ I D NO 179 VL E9. 1F CDR Set CDR-L1:SEQ ID NG 277 CDR-L2: SEQ | D

NO 278
CDR- H2:
NO 301
CDR- H1:

CDR-L3: SEQ I D NO 279 25VH E9. 10H CDR Set CDR-H1l: SEQ | D NO: 181
SBYoRDINesb82 CDR- H3: SEQ | D NO 183 VL E9. 10H CDRr&gtusaa@birond : SEQ | D
CDR-L2: SEQ I D NO 302 CDR-L3: SEQ I D NGO 303 VH E9. 5E CDR Set

SEQ I D NO 185 35CDR-H2: SEQ | D NO 186 CDR-H3: SEQ | D NO 187 VL E9. 5E

CDR Set CDR-L1: SEQ I D NGO 293 CDR-L2: SEQ I D NO 294 CDR-L3: SEQ | D NGO 295 5VH

E9. 10C
NG 191
CDR- L3:
NO 194
CDR- L2:
NGO 197
CDR- L1:

CDR Set GPR:#lySEQ | D NO 189 CDR- H2: SEQ | D NO 190 CDR- H3: SEQ I D
VL E9.10C CDR Set 1QCDR-L1:SEQ ID NQ 281 CDR-L2: SEQ | D NQ 282

SEQ | D N&J8s vH ESY S%ﬁjﬁgé{%”&ﬂﬁ:%i: SEQ I D NO 193 15CDR- H2: SEQ I D
CDR- H3: SEQR-D2:NO. 105dudk 49265, o7 EEGDRNSeltl 1 CDR- L1: SEQ | D NO 289

SEQ I D 00,.20 -1 3 QEQ | H E9. 12B CDR Set CDR-Hl: SEQ | D
SR Ho- SEGD"NG 108 BHR T SEOTT NG 190 25W0 9. 128 DR Set

SEQ | D NCYERESZ4 CDR Set

CDR-HI1: SEQ ID NO:117
CDR-H2: SEQ ID NO:118
CDR-H3: SEQ ID NO:119
VL E9.4 CDR Set
10 CDR-L1: SEQ ID NO:229
CDR-L2: SEQ ID NO:230
CDR-L3: SEQ ID NO:231
VH E9.11 CDR Set
CDR-HI1: SEQ ID NO:121
15 CDR-H2: SEQ ID NO:122
CDR-H3: SEQ ID NO:123
VL E9.11 CDR Set
CDR-L1: SEQ ID NO:233
CDR-L2: SEQ ID NO:234
20 CDR-L3: SEQ ID NO:235
VH E9.14 CDR Set
CDR-HI1: SEQ ID NO:125
CDR-H2: SEQ ID NO:126
CDR-H3: SEQ ID NO:127
25 VL E9.14 CDR Set
CDR-L1: SEQ ID NO:237
CDR-L2: SEQ ID NO:238
CDR-L3: SEQ ID NO:239
VH E9.17 CDR Set
30 CDR-HI: 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
35 CDR-L2: SEQ ID NO:242

CDR-L3: SEQ ID NO:243



CDR- L2:
NO 201
CDR- L1:

SEQ I D NO 298 CDR-L3: SEQ I D NO 299 VH E9. 10E CDR Set 30CDR-H1: SEQ I D
CDR- H2: SEQ I D NO 202 CDR-H3: SEQ | D NGO 203 VL E9. 10E CDR Set
SBORDINGE®ES 35CDR-L2: SEQ I D NO 286 CDR-L3: SEQ PDTNS2018/0470061 E9. 6A

CDR Set CDR-H1: SEQ I D NGO 205 CDR-H2: SEQ I D NO 206 CDR-H3: SEQ I D NG 207 5 VL
E9. 6A CDR Set CDR-L1: SEQ I D NO 305 CDR-L2: SEQ I D NGO 306 CDR-L3: SEQ I D

NO 307
CDR- H3:
NG 310
CDR- H2:
NO 313
CDR- H1:
NGO 334

VH E9. 7A CDR Set 10CDR- HL: SEQ | D NO 209 CDR- H2: SEQ | D NO 210
SEQ | D N@2id MpiESst 7A CDR Set CDR-L1: SEQ | D NO 309 15CDR-L2: SEQ I D
CDR-L3: SEQ ID NO 311 VH F9, 8H CDR Set CDR-H1:SEQ I D NO 213

SEQ I D Né%ﬁﬁl-zocﬁ%@%@% D NO 215 VL E9.8H CDR Set CDR-L1:SEQ ID
CDR- L2: SEQR-E2:NO. 33D TDROLH SEQ | D NO: 315 25VH E9. 1 CDR Set

residues 337 of IQ)TI}Q 334 CDR-H2:residues 52-67 of SEQ ID

CDR- H3: resi dues 100-110 of "SEQ ID NGO 334 VL E9.1 CDR Set
5 VL E9.18 CDR Set

CDR-LI: SEQ ID NO:245
CDR-L2: SEQ ID NO:246
CDR-L3: SEQ ID NO:247
VH E9.19 CDR Set
10 CDR-HI: SEQ ID NO:137
CDR-H2: SEQ ID NO:138
CDR-H3: SEQ ID NO:139
VL E9.19 CDR Set
CDR-LI: SEQ ID NO:249
15 CDR-L2: SEQ ID NO:250
CDR-L3: SEQ ID NO:251
VH E9.22 CDR Set
CDR-HI: SEQ ID NO:141
CDR-H2: SEQ ID NO:142
20 CDR-H3: SEQ ID NO:143
VL E9.22 CDR Set
CDR-LI: SEQ ID NO:253
CDR-L2: SEQ ID NO:254
CDR-L3: SEQ ID NO:255
25 VH E9.48 CDR Set
CDR-HI: SEQ ID NO:145
CDR-H2: SEQ ID NO:146
CDR-H3: SEQ ID NO:147
VL E9.48 CDR Set
30 CDR-LI: SEQ ID NO:257
CDR-L2: SEQ ID NO:258
CDR-L3: SEQ ID NO:259
VH E9.65 CDR Set
CDR-HI: SEQ ID NO:149
35 CDR-H2: SEQ ID NO:150

CDR-H3: SEQ ID NO:151



30CDR-L1:residues 23-33 of SEQ I D NO 335 CDR-L2:residues 49-55 of SEQ ID
NO 335 CDR-L3:residues 88-96 of SEQ ID NO 335 VH E9- SE1 CDR Set

CDR- H1: r e800B12023%437 of SEQ | D NO 336 35CDR- H2: r esi due®CharSexoo#708€Q | D
NO 336 CDR- H3:residues 100-110 of SEQ ID NG 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 I D NO 337 5VH E9-5E2 CDR Set

CDR- H1: resi dues \31ro¥k (@5r SEQ | D NO 338 CDR-H2:residues 52-67 of SEQ ID
NO 338 CDR- H3: rgibi dues 100-110 ‘$f SEQ I D NO 338 VL E9-5E2 CDR Set

10CDR- L1: resi du

Rokl:33 o EGEYY

B°NO 339 CDR- L2: resi dues 49-55 of SEQ I D

NO 339 CDR-L3:regidues 88SEBHINO3IEQ | D NO 339 VH E9- 5E3 CDR Set

CDR- H1: r esi dues -37 0
NO 340 CDR- H3: reCEfRd%e’s

Lo BT S

340 15CDR-H2:residues 52-67 of SEQ ID
EQ | D NG 340 VL E9-5E3 CDR Set

CDR- L1: r¥esi dues BER® PR SFQ | D NO 341 CDR- L2: residues 49-55 of SEQ ID

NG 341 20CDR- L3:gmgsijdues
CDR- H1: resi dues 31- 37 of SE
NO 342 CDR- H3: r éd%diEs 108FQ

96n0fsSEQ | D NO 341 VH E9- 5E4 CDR Set
| D NO 342 CDR-H2:residues 52-67 of SEQ ID
Bf5SEQ I D NO 342 25VL E9-5E4 CDR Set

CDR- L1:resi dues @®R-8% of SEQDWOMNG 343 CDR-L2:residues 49-55 of SEQ ID
M6 of SEQ I D NO 343 VH E9-5E5 CDR Set

- SEQ | D NO 344 CDR-H2:residues 52-67 of SEQ ID
NO 344 CDR- H3: r é8iRdules 108EQAMDNQROTBEQ | D NO 344 VL E9-5E5 CDR Set

CDR-L1:residues @ p#t of gD
NO 345 CDR-L3: reCsDiRdijses 89-97 of SEQ I D NO: 345

NO 343 CDR-L3:r
30CDR- H1: resi du

15

20

25

30

35

SEQ ID NO:267
VH E9.71 CDR Set

CDR-HI: SEQ ID NO:157
CDR-H2: SEQ ID NO:158
CDR-H3: SEQ ID NO:159
VL E9.71 CDR Set

CDR-LI: SEQ ID NO:269
CDR-L2: SEQ ID NO:270
CDR-L3: SEQ ID NO:271
VH E9.13 CDR Set

CDR-HI: SEQ ID NO:161
CDR-H2: SEQ ID NO:162
CDR-H3: SEQ ID NO:163
VL E9.13 CDR Set

CDR-LI: 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

345 35CDR-L2:residues 50-56 of SEQ ID

10



VH E9- SE6 CDR Set CDR-Hl:residues 31-37 of SEQ ID NGO 346 CDR- H2:residues
52-67 of SEQ I D NO 346 CDR-H3:residues 100-110 of SEQ I D NO 346 5VL E9-5E6
CDR Set GBDB2pl/mewitdues 23-33 of SEQ | D NO 347 CDR- L2: r esirdise®10497086 of SEQ
| D NO 347 CDR-L3:residues 88-96 of SEQ I D NO 347 VH E9-5E7 CDR Set

10CDR- Hl1: resi dues 31-37 of SEQ ID NO 348 CDR-H2:residues 52-67 of SEQ ID
NO 348 CDR- H3:residues 100-110 of SEQ I D NGO 348 VL E9-5E7 CDR Set

CDR- L1: resi dues \#e3&k @hr SEQ | D NO 349 15CDR-L2:residues 50-56 of SEQ ID
NO 349 CDR-L3:residues 89-97 of SEQ I D NO 349 VH E9-5E8 CDR Set

CDR- HL: r esi dues BRH% of ZEIINY 350 CDR- H2: resi dues 52-67 of SEQ ID

NO 350 20CDR- H3:amssHztues J@PHINO:1od SEQ | D NO 350 VL E9-5E8 CDR Set

CDR- L1: resi dues - 34 of NGO 351 CDR-L2:residues 50-56 of SEQ ID

NO 351 CDR-L3: recﬁaﬁ{dﬁgs 89§%gﬂ011§)§gQ | D NO 351 25VH E9- FR1 CDR Set

CDR- H1: reesi dues VIERBB @R KFQ | D NO 352 CDR-H2: residues 52-67 of SEQ ID

NO 352 CDR- H3: r esipdues 10&:dadnehrSEQ | D NO 352 VL E9- FR1 CDR Set

30CDR- L1: residues 24-34 of SEQ I D NO 353 CDR-L2:residues 50-56 of SEQ ID
NO 353 CDR- L3: r édi%ites 898 WOy | D NO 353 VH E9- FR2 CDR Set

CDR- H1: r esi dues G3iIR-B¥ of SEQDEONRD 354 35CDR- H2: resi dues 52-67 of SEQ ID
NO 354 CDR- H3: r%éi 19‘9?01%19@ 110 of SEQ ID NO 354 VL E9-FR2 CDR Set

CDR- L1: residues - Q I D NO 355 CDR-L2:residues 50-56 of SEQ ID

NO 355 CDR- L3: r é8iRddbes 89SHYIIDROSED | D NO 355 5VH E9. 71 CDR Set

CDR-H2: SEQ ID NO:174
CDR-H3: SEQ ID NO:175
VL E9.2B CDR Set
CDR-LI: SEQ ID NO:273
15 CDR-L2: SEQ ID NO:274
CDR-L3: SEQ ID NO:275
VH E9.1F CDR Set
CDR-HI: SEQ ID NO:177
CDR-H2: SEQ ID NO:178
20 CDR-H3: SEQ ID NO:179
VL E9.1F CDR Set
CDR-LI: SEQ ID NO:277
CDR-L2: SEQ ID NO:278
CDR-L3: SEQ ID NO:279
25 VH E9.10H CDR Set
CDR-HI: SEQ ID NO:181
CDR-H2: SEQ ID NO:182
CDR-H3: SEQ ID NO:183
VL E9.10H CDR Set
30 CDR-LI: SEQ ID NO:301
CDR-L2: SEQ ID NO:302
CDR-L3: SEQ ID NO:303
VH E9.5E CDR Set
CDR-HI: SEQ ID NO:185
35 CDR-H2: SEQ ID NO:186

CDR-H3: SEQ ID NO:187
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CDR- Hl1: resi dues 31-37 of SEQ ID NO 356 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

10CDR- L1:we=hdueso623- 33 of SEQ | D NO 357 CDR-L2:resi due®C48553&H004708€Q | D
NO 357 CDR-L3:residues 88-96 of SEQ ID NO 357 VH E9. 71(M CDR Set

CDR- Hl1: resi dues 31-37 of SEQ ID NO 358 15CDR- 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 \33=s3¥ @hr SEQ | D NO 359 CDR-L2:residues 49-55 of SEQ ID

NO 359 20CDR-L3: resj dues 88-96 of SEQ ID NO 359 VH E9. 71(L) CDR Set

CDR- H1: r esi dues ‘PR57 of %é%quffgﬁ?ﬁ 360 CDR-H2:residues 52-67 of SEQ ID

NO 360 CDR- H3: r égirdues 10SEQIONODRISEQ | D NO 360 25VL E9. 71(L) CDR Set

CDR- L1: resi dues - of N 361 CDR-L2:residues 49-55 of SEQ ID

NG 361 CDR-L3: recgﬁ{dﬁée%s 88§%§ﬂ0119)'2%Q | D NO 361 I n anot her

enbodi nent, a biMHERYCLIR &itn conpri ses a vari abl e heavy chain (VH) set of
3 30CDRs sel ect gthf.pm anyrVih s6tigef 3 CDRs in the group above and a
variable light chain (VL) set of 3 CDRS selected fromany VL set of 3 CDRs
in the group abdR-HZ: SEQIPRPiP anot her enbodi ment a bindi ng protein
conpri ses a nanmgmR/HB:set sHQ B 1@DRsI and a correspondi ngly nanmed VL set of 3
CDRs fromthe grQUuR, ll%%l SeItDr eferably, a binding protein according to the
i nvention conpri : two variable domain CDR sets selected fromthe
35grouplf vari dReLdomai $EWDRNG@@ES consi sting of: VH E9 CDR Set and VL E9
CDR Set, VH E9. 4£ffOR.Set ashpfok» 4 CDR Set, VH E9. 11 CDR Set and VL
E9. 11 CDR Set, VH E9.14 CDR Set and VL E9. 14 CDR Set, VH E9.17 CDR Set and
VL E9.17 CDR SetCPRA$:E9. 18PTHRYQEE3 and VL E9. 18 CDR Set, 5 VH E9.19 CDR
Set and VL E9. 1910BR/Sebr s&dH E9. 22 CDR Set and VL E9.22 CDR Set, VH E9. 48

CDR Set and VL 48 CDR | E9. 65 CDR Set and VL E9.65 CDR Set, VH
E9. 66 CDR Set a@’\'ﬁl'@. 6@5@3@@&5} 10 VH E9.71 CDR Set and VL E9.71 CDR
Set, VHIE9. 13 CORRSEE: andSBQITHIO1I$ CDR Set, VH E9.16 CDR Set and VL E9. 16

CDR Set, VH E9. 3§RR Sets%%lyé:lgg. 38 CDR Set, VH E9.2B CDR Set and VL

E9. 2B CDR Set, 15VH E9. 1F Set and VL E9. 1F CDR Set, VH E9. 10H CDR Set
and VL E9. 10H CDRISLIECRRSEE9 5E CDR Set and VL E9. 5E CDR Set, VH E9.10C CDR
Set and VL E9. 1@@rCDR Set spv/hb k929 CDR Set and VL E9. 7E CDR Set, 20 VH
E9. 12B CDR Set VL E9. et, VH E9. 10E CDR Set and VL E9. 10E CDR
Set, VH E9.6A c%%q%‘e% andg’f*\%@éi CDR Set, VH E9.7A CDR Set and VL E9.7A
CDR Set20 VH E9. 8®HRIDR Set SEMID MD:269. 8H CDR Set, 25 VH E9-SE1 CDR Set and
VL E9-SE1 CDR S VHESR CDR Set and VL E9-5E2 CDR Set, VH E9-5E3 CDR
Set and VL E9-5 , VH E9-5E4 CDR Set and VL E9-5E4 CDR Set, VH
E9-5E5 CDR Set &AR-WL: EO- SBIIOMRILet, 30 VH E9-5E6 CDR Set and VL E9-5E6
CDR Set, VH E9- %BR-GBR Setp@iishdhodE9- 5E7 CDR Set, VH E9-5E8 CDR Set and VL
E9-5E8 CDR Set, VH E9-FR1 _CDR Set and VL E9-FR1 CDR Set, VH E9-FR2 CDR Set
and VL E9- FR2 CORFSEt:, 35¥AR BON91%CDR Set and VL E9. 71 CDR Set, VH E9.71(M
CDR Set2:and VL B9.BLEB)CDBDRt Set, and VH E9. 71(L) CDR Set and VL E9. 71(L)
CDR Set. n yet ) odi nent, a binding protein described
above further cocrr%ﬂrpls'es a%frrﬂ;ﬁéég’{:tptor framework. Preferably, the human
acceptor framewdDR-Bbnpri SEIIBNROEM no aci d sequence sel ected fromthe group

consisting of: cpr.L3: SEQ ID NO:299
VH E9.10E CDR Set

30 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
35 CDR-L2: SEQ ID NO:286

CDR-L3: SEQ ID NO:287
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heavy chain acceptor framework sequences SEQ | D NOCS: 6- 22, 5heavy chain
acceptor sequences SEQ I D NOS: 35-62, |ight chain acceptor sequences SEQ I D
NCS: 23- 34woand/d2s9pht chai n accept or sequences SEQ | D NOBC®ArS9@.0/047006 In
anot her enbodi nent a bi nding protein described above conprises a hunan
acceptor franmework, which conprises at |east one framework regi on am no
acid substitution, wherein the 10am no acid sequence of the framework is at
| east 65% i dent ivaako §OcbRecisequence of said human acceptor franmework and
conpri sing at I%§st 70 an%$o acid residues identical to said human acceptor
f ramewor K. DR-HER andtheEt Ne di rent a binding protein described
herei n conpri seDR-Aunan SGTEPNOR0F r amewor kK t hat conpri ses at | east one
framework regio M. N0 aci Lifution at a key residue, 15said key

resi due selecte31?$%%1theé%%gﬁgé%g%sisting of : a residue adjacent to a CDR
a glycosyl ati on MiE%04@3R 8¢ele; a rare residue; a residue capable of
interacting wthgwpen DLigh gdRpggnoni cal residue; a contact residue

bet ween heavy chain variable region and |ight chain variable region; a

resi due within &k er %3%E3N§HQS a residue in a region

t hat overl aps bethseen a Chopipwodefi ned vari abl e heavy 25chain CDR1L and a
Kabat - defi ned fi e chain framework. Preferably, the key residue is
sel ect ed fron1tﬁé£%%g%§ﬁ%§%3isting of : 2H, 4H, 24H, 26H, 27H, 29H, 34H,
35H, 37H 39H, AMR-HASH, AFMHD NG9 49H, 50H, 51H, 58H, 59H, 60H, 63H, 67H
69H, 71H, 73H, 7§ -7 8H, pR8hho 94H, 2L, 4L, 25L, 29L, 27bL, 33L, 34L,
36L, 38L, 43L, 44L, 46L, 47L, 48L, 49L, 55L, 58L, 62L, 64L, 71L, 87L, 89L,
9oL, 91L, 94L, $HIR-H3: 30| SEQIRARE}H enbodi nent, a binding protein described
herei n conpri sesylaECRNSBRSHS human vari abl e domai n. In a preferred
enbodi ment, a bingj pr of el scti bed above conprises at | east one

vari abl e donain(ﬂg%ﬁﬂg an%%%ﬂ%gﬁg&iequence sel ected fromthe group

consi sting of: SEG-ID NOSSHQIDINQ310016, 228, 120, 232, 124, 236, 128, 240,
132, 244, 136, Z4fh 1440, é§§ﬂ)ﬁ6§1135 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 364H E9.8H CDR Set

CDR-HI: SEQ ID NO:213
CDR-H2: SEQ ID NO:214
20 CDR-H3: SEQ ID NO:215
VL E9.8H CDR Set
CDR-LI: SEQ ID NO:313
CDR-L2: SEQ ID NO:314
CDR-L3: SEQ ID NO:315
25 VH E9.1 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 E9.1 CDR Set
30 CDR-LI: residues 23-33 of SEQ ID NO:335
CDR-L2: residues 49-55 of SEQ ID NO:335
CDR-L3: residues 88-96 of SEQ ID NO:335
VH E9-SE1 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:336
35 CDR-H2: residues 52-67 of SEQ ID NO:336
CDR-H3: residues 100-110 of SEQ ID NO:336
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I n anot her enbodi nent, a binding protein according to the invention
conprises two vari abl e donmai ns, wherein said two vari abl e domai ns have

am no aciwozenuesses sel ected from 5 the group consi st iPag/usko108EQé D NCS: 1
and 111, SEQ I D NOS: 116 and 228, SEQ I D NOCS: 120 and 232, SEQ I D NOCS: 124 and
236, SEQ I D NOS: 128 and 240, SEQ ID NGCS: 132 and 244, SEQ I D NGCS: 136 and
248, SEQ I D NCS: 140 and 252, SEQ I D NOS: 144 and 256, SEQ | D NCS: 148 and
260, SEQ | D NOS:vilgpsmanthré4, SEQ I D NCS: 156 and 268, SEQ I D NOS: 160 and
216, SEQ | D NOCs: 164 and 22 and 224, SEQ I D NOCs: 172 and
272, SEQ I D Nos:“PFetho an Sl%‘?%” g@ésF%”P\B@ 3% 0 and 300, SEQ ID NOS: 184 and
292, SEQ ID NOSCDBBL:and Zﬁﬁduemsld})smmzsand 288, SEQ I D NCsS: 196 and
296, SEQ I D NOs nd 2 nd 304, SEQ | D NCS: 208 and
308, SEQ I D NCS GLan 3‘%“%%8’6]083&@3@%32nd 335, SEQ I D NOS: 336 and
337, SEQID NOSW SEQ I D NCS: 340 and 341, SEQ I D NOCS: 342 and
343, SEQ | D NCS:@#duand 3A§due§ﬁq7ld@sﬁ@§3&@633gnd 347, SEQ I D NCS: 348 and
349, SEQ 15 I D NOS: 350 and 351 | D NOS: 352 and 353, SEQ I D NOCS: 354 and
355, SEQ | D NOS:3¥6tHEng 3% ueﬁﬁqﬂ SKRE’ 38838nd 359, SEQ I D NOS: 360 and
361. | n aprerhodi nesidlues 20001 06 SBY IPad:eisn according to the invention
conpri ses heavy \;thad SV ﬂgtgl e domain (VH), preferably wherein the VH
conprises an am ence selected fromthe group consisting of:
20SEQ | I NCS: 1, CDReL1:120, redidugs 231383f SEQ2D NO3BY 140, 144, 148, 152, 156, 160,
164, 168, 172, Xff.14180, 1%§éfues 498535 Ofggé,mg@emzoo 204, 208, 212, 334, 336,
338, 340, 342, 344, 346, 34 354, 356, 358, and 360. In
yet another embédifretit reﬁ?%ﬂ?%ﬁ%%ﬁ%@@ﬁloéégordl ng to the invention
conprises a I|gMHE¢1&E31cmas¢tabl e domain (a VL), preferably wherein the VL
conprises an am id 25sequen d, fromthe group consisting of:
SEQ | D NOCS: 111, @%ﬁ?zsz re§§%§ ?b%&figéi‘?@g‘é{) 252, 256, 260, 264, 268, 216,
220, 2285 272, ZIR-HB300, 29&es 2BE,0f3BGDROFB40284, 304, 308, 312, 335, 337,

339, 341, 343, 4Hu347. 34%es ADh10 350 BF3R57. 359, and 361.

VL E9-SE3 CDR Set

CDR-LI: residues 23-33 of SEQ ID NO:341
CDR-L2: residues 49-55 of SEQ ID NO:341
20 CDR-L3: residues 88-96 of SEQ ID NO:341
VH E9-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 NO:342
25 VL E9-SE4 CDR Set
CDR-LI: 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 NO:343
VH E9-SE5 CDR Set
30 CDR-HI: residues 31-37 of SEQ ID NO:344
CDR-H2: residues 52-67 of SEQ ID NO:344
CDR-H3: residues 100-110 of SEQ ID NO:344
VL E9-SE5 CDR Set
CDR-LI: residues 24-34 of SEQ ID NO:345
35 CDR-L2: residues 50-56 of SEQ ID NO:345

CDR-L3: residues 89-97 of SEQ ID NO:345
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In a preferred enbodi ment, a binding protein according to the invention
conprises a VH 30and a VL, preferably wherein VH and a VL are any of those
sequenceswoizsc/s®sd above. | n another enbodi nent, the i mgentSean/oprovi des a
bi ndi ng protein capable of binding human DLL-4, said binding protein

conpri si ng: an I g constant heavy region having an am no acid sequence
sel ected fromthe group consisting of SEQID NO 2 and SEQ ID NO 3; 35an Ig
constant |ight r@gﬁg)glgd*@y[{gg an am no acid sequence selected fromthe group
consisting of SEQID NO 4 and D NO 5, an | g variabl e heavy

regi on having arf ho acﬁeﬂd@%ﬂugﬁ’éé@é}?gpﬁ%ﬁ fromthe group consisting:
SEQ I D NCS: 1, 1I8R-H20, 124dued2B47t32QIMBO;34440, 144, 148, 152, 156, 160,

164, 168, 172, 2. 4, ~496, 200, 204, 208, 212, 334,
336, 336, 340 $SHXT¥aq Bwe M0 RSl 2005 “3a5, “and 360, and
an 1 g variabl e IMgE-SEEIRPet havi ng an ami no aci d sequence sel ected fromthe
group consi sti ngpSEQ | D M;@e;glg 2280 1]3312),34236 240, 244, 248, 252, 256,
260, 264, 268, 216, 220, 22 300, 292, 280, 288, 296, 284,

304, 308, 312, 33W1%37 @%@4%@4515 0f§E§ID§@5347347 349, 351, 10353, 355,

357, 359, and 3&DR-L3: redN@E k896 ASP@CD NOf34r he i nvention pertains to a

bi nd| ng protein \ﬁ{)ﬂ&)gﬁﬁé s@n anti gen binding domai n capabl e of binding
human DLL4, sali di ng domai n conprising at |east one or nore
CDRs sel®cted fr@R-the gr otifree dn¥i S tSEQYDAFO:348DR- H1: X1- X2- X3- X4- X5 (SEQ I D
NO. 1 05), wher Qi pd5X1 fe?idéssﬂ\hd?"SEg,ID?@)ﬂﬁ Hor Y; X3is W X4 is M X5
is Sor H 20CDR-H2: Xi-X2-X3-X4 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16
X17 (SEQ I D NO PFoHE) | wikdfust HO-QoiEQIDNY3H o T; X2 is 1; X3 is S
25X4 is Y, N, Svi@od7r&y or DO X6 is D, X6 is G X7 is S R I, T, G
K, H, or N; X9 ICiDrlMEl Xlleflédegg“r%4ﬂ$5§8§gl‘11034§ M N Q E T, R S A or

L: X10 is Y, D,

15 CDR-L2: residues 50-56 of SEQ ID NO:349
CDR-L3: residues 89-97 of SEQ ID NO:349
VH E9-SE8 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:350
CDR-H2: residues 52-67 of SEQ ID NO:350
20 CDR-H3: residues 100-110 of SEQ ID NO:350
VL E9-SE8 CDR Set
CDR-LI: residues 24-34 of SEQ ID NO:351
CDR-L2: residues 50-56 of SEQ ID NO:351
CDR-L3: residues 89-97 of SEQ ID NO:351
25 VH E9-FR1 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:352
CDR-H2: residues 52-67 of SEQ ID NO:352
CDR-H3: residues 100-110 of SEQ ID NO:352
VL E9-FR1 CDR Set
30 CDR-LI: 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 ID NO:353
VH E9-FR2 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:354
35 CDR-H2: residues 52-67 of SEQ ID NO:354

CDR-H3: residues 100-110 of SEQ ID NO:354
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X12 is A, X13is D 35 X14is 5; X15is V, x16 is K and X17 is G

CDR- H3: X1- X2- X3- X4- X5- X6- X7- X8- X9- X10 (SEQ I D NO 107), wherein; Xl is A
5X2 is GWO20m02R64X3 is G X4 is G S, or A, X5 is N XETius2400470Mg 10X7
is G X8is F, L, Y, or M X9is D and X10 is I, S, or L; CDR-L1: X1 X2 X3
X4 X5 X6 X7 X8 X9 X10 Xu (SEQ ID NGO 108), 15wherein; X1 is Si X2 is A or
G X3isD X4isK N L Q ME S T, G or Db 20X5is L; X6 is G X7
is T, S, NN A GLorEcpBsdts KK Q N, or R X9 is Y; 25X10 is Vor |; and
Xuis S, CDR-L2: Xl X2- X3- X4- X5- X7 (SE NG 109), wherein; X1 is Q X2
is D, 303 is ACTEL{y g refifuepy4- 4’f§EQ§PN§35€g N L T, 1, or E X5is R
X6 is P, and X7 dR-B: 35aﬂ'&ddL@m~i@).fSKQHXBIO)@5X4 X5 X6 X7 X8 X9 (SEQ I D

NO: 110)’ wher ei rbDIg—qﬁ:i S Qesidueg%—é'ﬁof§E8|iD’ﬁ-O:3>§§ is W X4 is D

5 VH E9.71 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:356
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
10 CDR-LI: residues 23-33 of SEQ ID NO:357
CDR-L2: residues 49-55 of SEQ ID NO:357
CDR-L3: residues 88-96 of SEQ ID NO:357
VH E9.71(M) CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:358
15 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-LI: residues 23-33 of SEQ ID NO:359
CDR-L2: residues 49-55 of SEQ ID NO:359
20 CDR-L3: residues 88-96 of SEQ ID NO:359
VH E9.71(L) CDR 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
25 VL E9.71(L) CDR Set
CDR-LI: 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

In another embodiment, a binding protein comprises a variable heavy chain (VH) set of 3
30  CDRs selected from any VH set of 3 CDRs 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 still another embodiment a binding protein comprises a named VH set of 3 CDRs and a
correspondingly named VL set of 3 CDRs from the group below. Preferably, a binding protein
according to the invention comprises at least two variable domain CDR sets selected from the

35  group of variable domain CDR sets consisting of:

VH E9 CDR Set and VL E9 CDR Set,

VH E9.4 CDR Set and VL E9.4 CDR Set,
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X5is R S Q P, AV WorM X6isS G I, N R or T, X7Tis Dor G
X8isV, AL P, or Ef and X9 is V. the antigen binding domain of a DLL4
bi ndi ng pwoteiwn2ede4t he i nventi on ne CDR conprising an arCh@Saciod4®eguence
selected fromthe group 35 of SEQ ID NO 112 (CDR-Hl); residues 50-66 of
SEQ I D NO 112 residues 99-108 of SEQ ID NO 112 (CDR-H3); 33 of SEQ ID
NG 113 (CDR-L1); residues 49-55 of SEQ ID NGO 113 residues 88-96 of SEQ ID
NG 316 165! duct B9 105, of < SO |1D KO A6 (DR 18) | 35 of SEQ D N SLI
i resi dues - 0 i - ; 0 i
(CDR-H1); resi duesEsH-@t 8t 2 ]F%)Ml\(éf%ﬁe%’ resi dues 99-108 of SEQ I D NO 317
(CDR-H3); 35 ofviSEQ71MMNGt 3dBVI( BDR-CGIR Setr esi dues 50- 66 of SEQ | D NO 318
resi dues 99-108 :13%@E &Q} ;35 of SEQ ID NO 319 (CDR-H1);
resi dues 50- 66 O\}&f%%%%[%@ﬁ%@ 1 r%5| ulgggt’%- 108 of SEQ ID NO 319 (CDR- H3);
35 of SEQ | D NO 8269 CORRHg)and Ve&P.dUEBRSY- 66 of SEQ | D NO. 320 resi dues
50-56 of SEQ D NOL 3o res duee GO oA oF SEQ 1D N0 321 (ODR HB); 35 of
SEQ | D NO 32Qz (éﬁhﬂﬁ%@ﬁé@?@ﬁ@s%@-% o SE8 I D NO 322 Sesi &ue)s’ 99-108 of
SEQ I D NO 322 ( GPREHD)CDR Sb a@f VISEIPSIdDANE,323 (CDR- H1) ; resi dues 50-66 of
SEQ I D NO 323 resi 2108 .of NO 323 (CDR-H3); 35 of SEQ ID
NO. 324 ( CDR- Hl)?‘%g%%@fgs%énde %%%?éﬁp?% NO. 324 residues 99-108 of SEQ I D
NC 324 [(CDR- H3) ;VH BE71gfDISEQadY ING- BXHR &DR- H1) ; resi dues 50-66 of SEQ ID
NO: 325 resi dues \3Prd P& sephfd ViDNG G#bs i COR- H3) ;35 of SEQ I D NGO 326
(CDR-H1); residues 50-66 of SEQ D NO 326 residues 99-108 of SEQ | D NO 326
(CDR-H3); resi djbE PEHRSypn 15K 827 (CDR-L1); residues 49-55 of SEQ
| D NO 327 ( CDR- b#) g9.335a3prdse snd88- 893 3afDE&Q | D NO 327 (CDR-L3); residues
23-33 of SEQ ID - L1 ' s 49-55 of SEQ ID NO 328 (CDR-L2);
resi dues 88-96 M?%a@%@_bﬁg&%r esi dues 23-33 of SEQ I D NO 329
(CDR-L1)5 resi dOBBEATE GBR 8¢t alSEQ EDIINDDBRY, (CDR-L2); residues 88-96 of SEQ
| D NO: 329 (CDR- 43) o {@Sd5MES 2tvicy fu &5 diD NO 330 (CDR-L1); residues
49-55 of SEQ I D NO 330 (CDR-L2); residues 88-96 of SEQ I D NO 330 (CDR-L3);
resi dues 23-33 ofH BED ¢PR RveyBYL ECHRCPR Pet. r esi dues 49-55 of SEQ | D NO: 331
I1([3)( %Rg)gg)( CBgSi\dUEﬁO%&?[ﬁﬁs&ﬁndSEQid.ﬁc@Isé’ell,D( %Rg);g)( ClrjgsiLg;Jes 23- 33 of SEQ
i - , es - i - ; residues
88-96 of SEQ | D%%@%é%%%ﬁﬁtdé?% ggéﬁ]&ﬁgg 23-33 of SEQ I D NO 333 (CDR-L1);
resi due2d 49- 55 ofH BEQBIIOINEX 3313V BDRBI(DR Sat.esi dues 88-96 of SEQ | D NO 333
(CDR-L3). 15In i t indi ng protein conprises at |least 3
Wﬁ&%gﬂg@e‘?h |y1E9altog‘Eangé .{)&9

CDRs di scl osed above. era 'nding protein according to the
i nvention conpr i\gEB%-oheDB Sttt ¥L EDRS (RSl osed above. More preferably, the

bi ndi ng protei n \aPpPTA 868 stihh@&er @b 780k ¢DRs di scl osed above. Most
preferably, a DLL4 bj ndi n%etgragt ein according to the invention conprises six

CDRs descri bed agbbed P8 YhROBH CPREPR-H2, a CDR-H3, a CDR- L1, a
CDR- L2, 25and a 20CDR-£B deis 6¢t hinedl BHOKIECDR Set, In a preferred enbodi nent,

t he bi ndi ng pr otﬁ&_%ﬁ%smﬂ; ﬁ@g@ic%{gigl?s sel ected fromthe group
di scIF osed above.

consi sting of the Sequences I n anot her preferred
enbodi ment, a biVHEHhEEIFIR 8¢t Anc\InP?-PEESDPRSEDRs sel ected from a set of

vari abl e domai n \¢PRssSetSEE&dnd VIOR-EhecHt QUp bel ow. 25VH A10 CDR Set
CDR- Hl1: resi dues 31-35 of CDR- H2: resi dues 50-66 of SEQ ID

SEQ I D NO 112
NO 112 CDR- H3: r 641 flig® GR 398 GYL BEeF @PREs112 VL A10 CDR Set
30CDR- Lig r esi duedi 2BSB3CH S&EEQ VIDEMNCEAAISR SHR- L2: r esi dues 49-55 of SEQ I D

NO 113 CDR-L3:r % ]9(}!&:57 é?fi gé% agJVﬁg‘QS]%PC]])\Qng}B VH A10. 3 CDR Set
VH E9-SE8 CDR Set and VL E9-SE8 CDR Set,
VH E9-FR1 CDR Set and VL E9-FR1 CDR Set,
VH E9-FR2 CDR Set and VL E9-FR2 CDR Set,
35 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(L) CDR Set.
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CDR- Hl1: resi dues 31-35 of SEQ ID NO 316 35CDR-H2:residues 50-66 of SEQ ID
NO 316 CDR-H3:residues 99-108 of SEQ ID NGO 316 VL Al10.3 CDR Set

CDR- L1: r e8D0Be#0228433 of SEQ | D NO 327 CDR-L2:residues #0TAB2a0/0880 | D
NO 327 CDR-L3:residues 88-96 of SEQ ID NG 327 5 VH Al 0. K30 CDR Set
CDR-Hl:residues 3 1-35 of SEQ ID NO 317 CDR-H2:residues 5 0-66 of SEQ ID
NO 317 CDR-H3:residues 9 9-108 of SEQ ID NO 317 10VH Al 0. K42 CDR Set

CDR- H1: reSI dues 1By elal%ﬁlepémbS&QeﬁtQ Mal Jp&téﬁuﬁs&%e&%&e@u@ﬁ SPrifba mmaﬁEQ | D
NG 318 §I dues r 318. VH A10. 9A CDR

8.0
15CDR- HL: rea§Fe<HI?é af%ﬁwfﬂ%%’fe ?IgB%E X WW@@@T VPP OB S IBEMEO fC! 6 of SEQ ID
NO 319 CDR-sicn@séleiudsio (8-a cafsisQfI D NO. 319 VH A10. 8A CDR Set

G 5 o0 LI SR ML AR 0 88,1 SO0

CDR- H1: resi dues 3 1- B&vofhaBREQeptDy OB SEEDR M2S:pe€d.dues 5 0-66 of SEQ ID

NG 321 25CDR- H3: r esi ﬂ%ﬁéha% a%ce%{aﬁse@Jen%Qac% NEs 3214 Wk A10. 5D CDR Set
CDR-Hl:residues 3 1-35 of SEQ ID - H2: resi dues 5 0-66 of SEQ ID

NO 322 CDR- H3: r esi dudght ghagL af%fgt%%e@g%s PERTING5%3-9DVH AL0. 3A CDR Set
CDR- H1: r esi dues IBanbthBﬁ:ntbf)dlﬁEQa biddibNgpr3213 dERbettidbdve sinthies aﬁulﬂa:nﬁlﬁce@tf)r SEQ I D

NG 323 CDR- S 9 9-1 f D, NO 323. VL

35COR LL: r by 0os S ginles St e s it o el B o ey seq 1p
NO 330 CDR-du8naragdlisciivese 8f tB: B cpprk SEQlpDONOIEBR! ta/fk AUG:NER T EDRSat

CDR- H1: resi g%%r §§1ﬁe3\%rkoafnd %@ﬁgi% Maé% 36 amino acid residues identical to said human

acceptor framework.
In another embodiment a binding protein described herein comprises a human acceptor
framework that comprises at least one framework region amino acid substitution at a key residue,
15  said key residue selected from the group consisting of:
a residue adjacent to a CDR;
a glycosylation site residue;
arare residue;
a residue capable of interacting with human DLL4
20 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
25 chain CDRI1 and a Kabat-defined first heavy chain framework.
Preferably, the 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, 2L, 4L, 25L, 29L, 27bL, 33L, 34L, 36L, 38L, 43L, 44L,
46L, 47L, 48L, 49L, 55L, 58L, 62L, 64L, 71L, 87L, 89L, 90L, 91L, 94L, 95L.
30 In another embodiment, a binding protein described herein comprises a consensus human
variable domain.
In a preferred embodiment, a binding protein described above 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,
35 256, 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,
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CDR- H2: resi dues 50-66 of SEQ I D NO 324 CDR-H3:residues 99-108 of SEQ ID
NG 324 5 VL Al0. 6B CDR Set CDR-L1:residues 23-33 of SEQ I D NG 331

CDR- L2: r e8D0Be#028%455 of SEQ | D NO 331 CDR-L3:residues 88TAG2a0/0880 | D
NO 331 10VH A10. 3D CDR Set CDR-Hl:residues 31-35 of SEQ I D NGO 325

CDR- H2: resi dues 50-66 of SEQ I D NO 325 CDR-H3:residues 99-108 of SEQ ID
NO 325 VL Al10. 3D CDR Set 15CDR-L1:residues 23-33 of SEQ I D NO 332

CDR- L2: r esi fhuess 499 390,941, SBB4:3D3404C 43 36 GPR343 35£ 5400852 53588559650f358EQ | D
NO 332 VH Hi: resi dues 31-35 of SEQ I D NG 326

20CDR- H2: re%%ﬁéé%é%gwof‘ndééb | D NO: 326 CDR- H3: resi dues 99-108 of SEQ ID
NO 326 VL A10. 4Ch GOReSetboGhR L lirdesipthiasacaBdifto ofe iSE@oh BriNGsE380

No 335\ AL OERAT BB | M Rt ] SRR Ny Rn 59 10
CDR- L2: resi Hugguns9ushgngyff: SR FONOMBAB!. CERIR IS b ehdeds.88Q98 N6¥S:18EQ | D

NO: 328 30VLypA3H1 480 @Bo§@§4 &@%d-éEdz %N@g%s %@2&3 s@% 1§§@s11§& NP2329E
CDR- L2: resi dues 49-55 of SE ues -96 of SEQ ID

NO: 329 OS:139 agh i %i%ﬁ@im SE& WdN(H% %‘rﬁ&% %16 S%%%W%é‘é‘ﬂ a
vari abl e heawysw; REQ) M NUE) 5 5@t 26f, SBQ BHSDRS s6ak ect, sHQ b imsarsy adH 18 SEQOf 3

CDRs in theIDQ\I(S)éJ;R/&%Lg\éfOF §E€1}§Né%‘gzs§i dﬁ%z{ﬁbﬂ(gbﬁ%'ﬁza(n}{'z)/z ) Iﬂ{vpé 19??'8'

sel ected from an
anot her lenbodi2ie REQ &> NOABhad pPG SEQR KD YO R4 @d 9% SRA R HOVHIBS @il 284, SBRCDRs and

a correspongh . Yoornaded, éﬂQ ﬁﬁﬁo@f%?an@‘gssﬁd PNGHS0ANOMA, @"Nofﬁ(ﬂf erably,

a binding protein accord nventi on co

I e B B b Sy 4R oo R e B TS PRt Sashahs R
sets consi St Mos: 6:and3d, FELDIDFBY: SBtan@ssd, IAQ BIGOCER afet41, 3td All0S3LDR Set

Set and WL 10 b5 e NOSartrt 20 SERu Se M or - AR TN e Lo S5 1
AL0. 4C CDR 15YORH aML3SAIEEQID DR Band 30HSHLD K393 BDR! H6t SEND NOS:AK0. 3 CDR

Set; VH ALO, K42 %Iﬁbs%%n}{%ﬂ@@%)%ﬁ%msw A10.3 CDR Set and VL
A10145 CDR Set; VH A10. 3 and VL Al0173 CDR Set; 15VH A10.9A CDR Set

and VL A10.3 w@geqmbowemadn@mg@m1wor%@ww ipygigion cmsgét:aw WHMInA10. 1A CDR

Set and VL Aﬂ;ﬂ)l@dogaﬂ ey, preﬁf&ﬁ'lywhbrélamem ORRisS84n a8 VU sdybheSseClRI Set . I n
yet anot her odi nent fJ ndi ng protein described above further conprises

a human 20af6°61é f%ﬁ"wfﬁ"ﬁsﬁsg%‘? Preferably, the human acceptor framework
conpri sgs as$Eam ¥MoS:adilg 1z(eqlnem§§ela§e]3emt4e,d4# riesnishesaqyt@uppiciorsi7at i ng of :

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 invention comprises a
light chain variable domain (a Vi), preferably wherein the Vi, comprises an amino acid
25  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, 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 invention comprises a Vi
30  and a Vi, preferably wherein Vy and a Vi, are any of those sequences disclosed above.
In another embodiment, the invention provides 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 ID NO:2 and SEQ ID NO:3;
35 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;
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heavy chain acceptor franmework sequences SEQ | D NOS: 6- 22, heavy chain
acceptor sequences SEQ I D NOS: 35-62, |ight chain acceptor sequences SEQ I D
NCS: 23- 34awoand/@25¥64ght chai n accept or sequences SEQ | D ROBU52019847006 In
anot her enbodi nent a bi nding protein described above conprises a hunan
acceptor franmework, which conprises at |east one framework regi on am no
acid substitution, wherein the am no acid sequence of the franmework is at

| east 65% i dent laﬁ@g vatifb1d By SEHERAEE: Afan$Rdiadid B4NBR: REEEPESK if LAmEWor k and
conprising at | east 70 amino acid residues identical to said hunman
30accept or PPEWBSor k. I n anot her enbodi ment a binding protein

descri bed hﬁKBHnN©$npﬂ6saslahhmnmn BockEptlos, 188, ane e, koot hal 18 oITprirees at

| east one f 1N ue, said
key reS|due{§n$ ?ed f?%ﬁ??ﬁ%h'?@S%bg%§§?§??%§&%$& ﬁhfesi ué5§§5§cent to a
CDR, 35a& gl3p40syI3as.iah368iang resi due; a rare residue;, a residue capable of

I nteracting WﬂtQnﬂ#ﬂﬁﬂmﬁ&kﬂegmpﬁwﬁghﬁ%hmﬂ%@k&ﬁ&we§m£@@ﬁéﬁhw@ﬁﬁbdue bet ween
heavy chain variab region and |ight chain variable region; a residue
within a VerRi¥P&zone; and 5a residue in a region that overlaps between a
Chot hi a- def $aeib N@$:i abi2s, 13esy, 2athand) 268DRD, 268c6a, Hajvat 2dehemenh, b1 st heavy

hain f , | et t
const st ng P b 208 2hEo80Re Sl aiBl AESREUT LS. 38 PALER AR 0 a5k
A47H, 48H 4DB 35508,35%khd B8H, 59H, 60H, 63H, 67H, 69H, 71H, 73H 76H, 78H,
91H, 93H, 94H, %Lnothé’l-a 8pegt5)kthe %%&ﬂtlo@gebt%ms t%% Ibmdﬁggmte%@&npl%ﬁl% an a en 44L, 1046L,
47L, 48L, 49L, 55L , 95L

I'n anot her RhSdPRER fapa%{e i%Hding 5u1ﬁaed%1é14rﬁaﬂé§tt&e? P}é@ngrf@fnéinﬁoeeﬁﬁe ridenst g

consensus haﬁaﬁmMaCDabk&md@ﬂ@hﬂwgmupummhmgafpreferred ermbodi ment, a bi ndi ng

protein describ pve c i ses at..le o svar abl e domai n haV|ng am no
aci d sequence se ec d ft o h% gfoGchg%§$§ |ng oker%ggEQ | D NOS: 112, 113,
316, 32%» 317, 318, 319, 82@8 32y, 3¢D; 323, 330, 324, 331, 325, 332, 326,

333, 328, and 329. ¥ n;anptfrer. enbodi nent, a binding protein described
above conprises two vari abl e donai ns, wherein sald two variabl e domai ns
have am no aci d sequences Xséf ettt ed fronlthe group consisting of: SEQ ID
NCS: 112 and 113, SEQ I D NOSi316 and 327, SEQ I D NOS: 323 and 330, 20 SEQ ID
NCS: 324 and 331, SEQ ID Ngs 325 and. 332, and SEQ I D NCS: 326 and 333.

In an enbodi ment, a bi nding proteln accordlng to the invention conprises
heavy cHain var iRBH82 do e - LK) Xsprefekabl yhwheregnnnXt-hé&« VHsconpthi ses an
am no acid sequenree sehecies fromithg; group consisting of: SEQ I D NOCS: 112,
316, 317, 318, 319, 320, 321, 322, 323, 324, 325, and 326. 25In yet anot her
embodi nent, a bi ndi ng profeﬁﬁ %bébr%1ﬁ§‘Fo the invention conprises a |ight
chain variable domain (a XL)s preferably wherein the VL conprises an am no
aci d sequence sel ected frgngghe group consisting of: SEQ ID NCS: 113, 327,
328, 329, 330, 331, 332, and 333. | n anot her enbodi nent, the

i nventi &h provides a bi ndingspfotiei i Capdbl® & i Mding 30human DLL-4, said
binding protein conprising: is p; an Ig constant heavy regi on having an

am no aci d sequence sel ec ed fromthe group consisting of SEQ ID NO 2 and
SEQ I D NO 3; an | g ¢constant |ight region having an amino acid
sequence sel ected fromthe groupReohsiTst Engd,of, SEQN'D NO 4 and SEQ I D NO 5;
35an | g variable heavy region having an gpifio acid sequence sel ected from
the group consisting: SEQ |D NCS: "SEQ I'D NOS: 112, 316, 317, 318, 319, 320,
321, 32% 323, 324, 325, AndS326M ald & B/ TaRs I@ Var Pabie | i ght region
havi ng an am no aci d sequences sel ectedefrom the group consisting: SEQ ID
NCS: 113, 327, 328, 329, 330, 31t§§32 and 333. According to the

i nvention, variabl e heavy T\#% ddhei'ns and vari abl e |l ight (VL) 5domai ns of
DLL4 binding proteins desérited:herein may al so be shuffl ed using

recombi nant techni ques avgilablhe in the art to generate and select for

addi tiopnal DLL4 binding proteins that conprise various conbinations of VH
and VL tfomai ns described FerEif/ In a pref en-ed enbodi nent, a DLL4 bi nding
protein according to the xpvention binds human DLL4 (hu DLL4) and at | east
one ot her species of DLL4XMN9;%;p£§;erably, a DLL4
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10 binding protein described herein binds human DLL4 and a DLL4 sel ected
fromthe group consisting of: a nouse DLL4 (nu DLL4), a cynonol gus nonkey
DLL4 (cymnwoubhgursdsitl4, cyno DLL4), a rat DLL4, and conbiPoaitisens/ottees eof .

I n anot her enbodi nent, a DLL4 binding protein is a fully human anti body or
antigen binding portion thereof 15In another enbodi ment, a DLL4 bi ndi ng
protein is a CDR grafted anti body. Mre preferably, a DLL4 binding protein
is a CDR-grafted anti bodyxgrisanmti gen bi nding portion thereof conprising one

or nore CDRs descriped gbqve, Still r referably he grafted
ant i body or antf% ﬁggingF%E_%B?f¥6ﬁ%?g€§§§%_%bn%%?sg) Ové&%?ble domai n
descri bed above.whkbeenpreferably, a CDR grafted anti body or 20anti gen

bi ndi ng portion thereof cenptises two variable domains described above.
Preferably, the CDR grafted antibody or antigen binding portion thereof
conpri ses a human accept of? ffafredorkR: Bbre preferably, the human acceptor
framework is any one of theibuman acceptor franmeworks descri bed above. Mre
preferably, a binding pro%e&g éssca 99¥e of neutralizing an activity of a
DLL4 25 selected fromthe ‘gioup ¢onsisting of human DLL4, nouse DLL4,
cynonol gus nonkey DLL4, r#&t iBlM:4, and conbinations thereof. Evaluating the
neutralization of activity of Pll4ycan be assessed via several in vitro and
in vivo assays know in the art. Exenplary paraneters for assessing

neutral i%ation of DLL4 ac¥iVft$ include, but are not linited to, antibodies
that inhibit DLL4 interackd @aa my tth therNatch receptor, and/or

Not ch-si gnal ing pathway wth_an |30 values of 30about at |east 10-6 M at
| east 1017 M or at |east 10-8 'M I n one enbodi nent, the binding
protein of the invention hastsar o rat & constant (Kon) to DLL4 of at |east
about 102M 1s-1;cpat1] east-abouk, X03Misxlx, at l:easkrabautiol0dy 1s-1; at

| east about 105M 1s-1; or at |east about 106M 1s-1, as neasured by surface
pl asnon'Y esonand&S*PiEf erabl y, the binding protein of the invention has an
on rate constant (Kon) toxDik4sibetween 102M 1s-1 to 103M 35l s-1; between
103M 1s-1to 104M 1s-1; beiwggnA 104M 1s-1to 105M 1s-1; or between 105M 1s-1
to 106M 1s-1, as nmeasured y surface plasnon resonance. I n anot her
enbodi ment, the binding pfotéi® of the invention has an off rate constant
(Koff) for DLL4 of at nost, about n10:3sy, 1y, at, rpst, ahpout ,0-4s-1; at nost
about 10-5s-1; or at nost_about 10- 6S-1, as neasured by surface plasnon
resonante. Preferably, théibfﬁﬂing protein of the invention has an off rate
constant (Koff) to DLL4 ofs 16-@s-1 to 10-4s-1; of 104sl tol0-5s-1; or of
105s1 to010-6s1, as neasurgd;byr surfgace pkasiponr.resonance. | n anot her
enbodi nent, the binding protein of the invention has a dissociation
constant (KD) to DLL4 of %t ‘frost Cabbut°18:7 M at nost about 10-8 M at
nost about 1019 M at nost, about 10-10 M at nobst about 10-11M at nost
about 10-12 M or at nost 10-13M Preferably, the binding protein of the

i nventioh has a di ssoci ati'6n condfart °{KD) to DLL4 of 10-7 Mto 10-8M of
10-8 Mto 1010-9M of 10-®Mi20S10-10 M of 10-10 to 10-11 M of 10-11 Mto
10-12M or of 1Qp%21.40 M 30-13M_xOne_gnhesh nento of o o he,ddvent i on provides
an anti body construct conprising any one of the DLL4 binding proteins

di scl osed above and a |infkefSpdl ypeptide or an i munogl obul i n const ant
domain. In a preferred enbodsnent, an anti body construct according to the
i nventi is selected fromt grou nsisting of: an inmnogl obulin
nnleculg? a nonocl onal an?%ﬁggy,Gé ﬁquh?ﬁéiic anti body, a CDR-grafted
anti body, a hunmani zed ant¥bédys, & Fab,N.alFab' I.acFFab' )2, a Fv, a disulfide
| i nked Fv, a scFv, a singke;dogmin anti body, a diabody, a nultispecific
anti body, a dual specific antibodz, and a bispecific antibody. In a
preferred enbodi nent, an éﬁf?b%ﬂﬁ'gonstruct of the invention conprises a
heavy chai n i nmunogl obul i ¥ ¢enst ant domain selected fromthe group

consi sting of a _pyman I gM constant 20 donmin, a human IgGl constant domain
a human 1 g& constant dormain, a human |1 gG constant donmain, a human | g&4
const ant domai n,CPE-htmar: 1XgECcoHNStant Xdomad n{SERndP AXidAbhy MAreBYist ant
dormain, and nutants of the abaoye Ig isotypes which may alter Fc gamma
receptor binding, FcRn binding, dq binding and may alter pharnmacokinetic
properties and/or Fc effector functions. 25In another enbodi nent, an
antibody construct is glycosylated. Préfterably, the glycosylation is a
human gl ycosyl ati on pattern. I n anot her enbodi nent, a DLL4 bi nding
protein described herein is conjugated to an agent. Binding protein
conjugates of the invention include antibody conjugates in which an

anti body construct described herein is conjugated to an agent. Preferably,
the agent is selected 30fromthe group consisting of: an inmunoadhesi on
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pTT (Durocher et al., Nucl. Acids Res., 30(2e9): 1-9 (2002)), pTT3 (pTT
with additional nmultiple cloning sites), pEFBOS (M zushima et al., Nucl.
Aci ds. Rewo0201@26%7%) : 5322 (1990)), pHybE, pBV, pJV, anaCpBRE201an0d7086y ot her
expression vectors suitable for prokaryotic or eukaryotic cells. In another
aspect of the invention there is provided a host cell is transforned with

t he 25vector discl osed above. The host cell nay be prokaryotic or
eukaryotic cell. A preferxedspsokanyotic host cell is Escherichia col
Preferably, the eukaryotig cell is selected fromthe group consisting of: a
protist cell, an animl cel[l® %.plant cell, and a fungal cell. Mre
preferably, the host cellXi gsabmammali an ceII including, but not [imted
to, CHO and COS cells. A prefegrred fungal cell; is, Jput not limted to,
Saccharonyces cerevi si ae. A preferred insect cell is an Sf9 cell. 30Anot her
aspect of the invention pfovfdesCa fretthod of produci ng a binding protein
that binds human DLL4 conpriisimg:tbe step of culturing any one of the host
cells disclosed above in 2 cuI&ure 9Ed|ug1under conditions sufficient to
produce a binding protein T hat'bi hds’ Wuimeh DIL4. Anot her embodi ment

provi des a bi nding protei ¥ peoduced according to the nethod discl osed
above. 350ne enmipogi JRNthe RAQW ﬂﬁ&ng%o&%%@asbii%dﬁr% o Rl iBRREOf a DLL4

bi ndi ng otein according to the invention mhereln the conposition

conpris a@%?l%?té%aft@ﬁefgwiwnﬂﬁng UrFNoGHg TR ese glccted Eemafheigerl DLL4 bi ndi ng
protein, crysdishtézed antibody construct, or crystallized binding protein

conjugate, (11l 19 0% POPRONHIRLRS), 35, 158 ARESARABITLY o1
pol ymeric carrléCDRéﬂar@@h@d@ﬂo&@méaﬂédﬂfr@M®DKéBDr nore of the group

consi sting of: E %Q§%BX%$§zﬁ¥N6113@@kMJ ngg %@%¥op&§§ﬁ)N@Qiy 5(am no
aci ds), b‘goly an esters), poly (lactic

aci d), |y (Iad@ 12b6$@P§§%P¥@f¥%§I }&bﬂ3mﬁ L3y on (b hydr oxybut ryat e) ,
poly (caprol act gaeilies 30k ¥t it @A NELDRAD HedREIBOLBRESED HEROYI6 POI Y

hyd I h I th
sters) . pol y (VTSI EREbory e O g Db tone) . mal ei ¢ anhydri de-
al kyl vinyl et hetsidoey30i3§ 0ESEQ INQ:B GHICORPODyredidsies BdOWABEQ ITaNgidmat e,
cel l ul ose and cqbbﬁhﬂ§§%gﬁ%qubgM%ngﬁngﬁggg?R%g |br|n gel atin,

hyal uroni c acid osacchari des camn cafis, sul f at ed
polyeacéharldesTﬁbﬁ@ﬁd§5ahﬁﬂbﬁﬁ®®9Hﬁﬁ@Rﬂﬁéﬂé@ﬁWVﬁﬂéﬁé$%%H%N@Hé8|ngredlent

is selected froq@bﬁgngggugﬁqpngg@ﬁm@gD@&)@BQ@@RmB)sucrose t r ehal ose,
| actitol, gelatin, nmet hox

r.ox Xtrin yet hyl ene
g ycol “andpor yErHYRaNESH! ToID Vi Bt GER R Bttt 008 TS0 Thet hod f or
treating a nann&CDamnmﬁﬁﬁbﬁ@9uh$m§EQpDOK)m@aﬁmkmnster|ng to the mammal an
ef fective anount of i 4 bi ndi ng
rotei n, a crystanrT R I R et dufte S Bhee o ol
conj ugat®e (|ncIm@Dﬁgﬂam®KM®dV1@®ﬁ3ﬁ@épé§)$@K@@Ré§hd above. The

i nvention al so 95591\4&5@@%5@@@{%@%@@'quqga%%g i oS olng a DLL4
bi ndi ng protein, bi ndi ng protein conjugate

(i ncl udi ng antl689§}@bﬁfﬁﬁﬁﬁgéyg§§EQGBP§E¥%§%BR§%bve and a pharnaceutical |y
accept abl e car r ir@iduesl31-38 of SHQ IWENOSTHQBRAEN residubes Opfaar SEC EMNOGal  conposi tion

conpri ses at di ti i onal agent may be a
t herapeutic age2¢5¥ ﬁ?g Sﬁﬁgggméigﬁﬁéﬁ% Igcﬁﬁ % DLL4 is detrinental.
Preferably, a ph@nh@dé@ﬁptﬁﬂ)EbN@égHEDQHHOQthmsﬁU%@ﬁS@dd?ND@&&! agent
sel ect ed fron1tQ@ng9 gxggg@bqbg&gE@ﬁDbﬁ)kﬁg@@@@g;|c agent; an imaging

agent; an antineopl astic agent ent her apeuti c agent %;uch as a 25DNA
al kyl ati ng agentesiesSpi3aef Q]é%}?“%fﬂ Wl)dﬁﬁl%lﬁﬂo @6@55@@ HNgeat
paclitaxel, docqcaxeh)rggm@mgbogmmEQggmu)yabcmg¢ngenzar an ant | u-acycline,

o e, 2 PO T EGIE M Poily 2 PR RE b I B o

ki nase BmhibitOKGDRQQQI%K@ﬁ$@ﬂDmMEEQQEﬂKIthK@DRIE)CEM—Z i nhibitor (e.g.

cel ecoxi b), a ki [ I o4 1 ncl udi ng
but not Ilnltedr%gﬁ§glgﬁ Rh%gggwgeﬂﬂgﬁgﬁ%gIggﬁgg%(%Ok?ﬂbg%gac%éstlnulatlon
mol ecul e bl ockerdCPRARY: irtidneg BuP8 of SEQIP (%%@(@%Réﬁil-87 1 anti body,
anti-B7.2 anti body, CTLA4-1g, anti-CD20 anti body); an adhesi on nol ecul e

bl ocker (including but not limted to @ anti-LFA-1 antibody, an anti-E/ L
selectin antibody, and a small nolecule inhibitor); anti-cytokine antibody
or functional fragnent thereof (including but not limted to an anti-IL-18,
an anti-TNF, and an anti-|L-6/cytokine receptor antibody); nethotrexate;
cycl ospori ne; 35rapamycin; FK506; a detectable |abel or reporter nol ecul e;
a TNF antagonlst ~an antlrheunatlc ‘a nuscle relaxant a narcotlc a
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psoriasis, sarcoidosis, arterial arteriosclerosis, sepsis, peptic ulcers,
burns, and pancreatitis, polycystic ovarian disease (POD), endonetriosis,

ut eri ne fwbneidessheni gn prostate hypertrophy, and ot hePCanszagonmesé s

i ndependent and dependent di seases characterized by abberant DLL4 activity.
30l n anot her aspect the invention provides a nethod of treating a patient
suffering froma disorder in which human DLL4 is detrinental conprising the

step of adnmini str@stduagzsata)zsfsa*@motsmcmqu ng;ldmésqi)ssessm gehosed above
bef ore, concurrent% gr af te%§éhe adnlnls%Va&lon of a second agent, as

di scussed above.CPRTa)" Brdre Ao b Phd3&econd agent is sel ected
fromthe group c&nﬁmQBBngfﬁmzH)NﬂBﬂi@Emapaumum%&gelbf&amnnm@ﬁﬁﬁoplastlc
agent; a Chenntgg?at.ﬁkmﬁﬁ%§§?5°4§ﬁ E}§§3%(C§E aIkyIatlng agent,

cisplatin, carb |-tub i nagen aclitaxel, docetaxel,
t axol , dbxorublé%ﬁmﬁgéﬁ@pfﬁﬁlﬁéNoééHE@BlJaﬁ%ahﬁHﬁ5a©9@$1HéNoéa%ianycin, a

top0|sonerase I(Cﬁﬁq§3}&@ﬂ%@gb@gqm@qﬁa&aﬁg(tqugplbltor 5-fl uorouraci
(5-FU), leucovorin, irinotecan a receptor t ki nase inhibitor

(e.g., erlotini 5651dﬁ%gf2|3tr°’ﬁf%§Q18aN%@@ EDRAH Bt ?548655@“]5%@%98%8 b), a kinase
i nhi bitor, and aﬂDamg)@gﬁmgss96bmnthnaJ3ﬂmqDRuﬁ)ng but not limted to an

ot VG | DO G o SRS LT AL B0 TReRt foBlocker
an adhesi on nDIé@DRé2bhm©WEB8€60ﬁﬂHQdDﬁ§)bUKCH&ﬂﬁ)|nlted to ah anti-LFA-1
antibody, 5 an r@sﬂﬂl&s 2@3'3‘ oﬁﬁi(?ﬁilll@ 3@2”(@])&%15] ’resﬁlu%@%g of‘@ﬂ(?ﬁj*'l{l@ ssnhi bitor);

anti - cyt oki ne antl y functi onal 9 hereof (1 ncluding but not
linmited to anti < PRié T%HFF8&Mﬁﬁ%ﬂﬁH)NQ_%M€ Bﬂﬁ?ne receptor anti bodies);
met hot rexat e; Cy&id&POREBESEQ AP TI (@DRFLKSvQ&;du&abssbamem wbgd3 or reporter;

a TNF ant agoni st ; ntirh tigc: 1Isgl I xant; a narcotic; a
non-steroid antiP ?FgﬁﬁgFﬁggﬂg?%%K¥ﬁTﬂi?%yﬁDﬁ?‘ nal gesic; an anesthetic: a
sedatives a | ocahamathestiivediment, the ielinzemisicemgriseh kdekerGDRanlist0ad thont.cr obi a
agent; an antl p§olel gk, QD@Lk’&ndn?g HOLh 'a&QI%LqE'EoOthéjmve%{?onac'aﬁpx%é Gedt 66,01 d; an

er yt| u- OpOI etin; an 1'nmuni zation; an | ITTTUI’]Og obulin; an i nmmunosuppr essi ve

agent: a groWRTisisredebrye. Mowarfivl. hebindperTeinn corniges tieroagiosgEsmaceut | ca
drug; an andiicReRr688anbst p@fbra%[}t:iDﬁﬂmﬂﬁﬂgqgr&é’nugwor@m§foltlﬁﬂlh\%ﬂtﬁon c@fpraa&t hma

medi cati on; t npst; an | |l e ropd: an i or analog
Ther cof - “a WyroR e OaMRS gt GRRD. ShpRgBnt br- 1 PRI Pl Faghe
enbodinﬁht Cmmesphaﬂmmdﬁuiical conposi tions discl osed above are

admi ni ster ed to hti Qg eI%HQi %%Bdlpl nt Qﬁe lJ1 %tgpro(?enl?co 9&5 ﬁ%%aﬁ%t&ﬂ{s sglgc%dtﬁ}a% group
consi sting of: parent er al cut aneo nuscu I ntravenous,
|ntrart|cuI%@@DMhpmﬁbmﬁﬁ@Wﬁa¥wm$%¥$@ﬁﬁdbhﬁnaI i ntracapsul ar,

intracartil agi nQﬁ’ﬁmoth'eﬂHré’f@%‘éinB@ﬁrﬂent 'aBfnﬂlﬁgﬁbﬂeﬁ|c0m1')rﬁgsr33©ﬁ{s%pl@dtéd%0m a set
i ntracer ebroven a}i{el cul. ar %r aé:ﬁg; ﬁ‘l i ntracervical I nt ragast rc,
Fted Jrofp g

i nt rahepat i € %% P%%?%EBFH$ §§W€§°W’|ntrapeIV|c

20i ntraperi car divaCAL( Cbk &peri toneal , intrapleural, intraprostatic,

i ntrapul nonary, (ﬁﬂ%ﬁfreCt%&&ms?ﬂ%@%@?@&Db&ﬁﬁEaret'nal i ntraspinal,

i ntrasynovi al, intrathoraci rauterine, I ntravesical, bolus, vaginal,
rectal, buccal EWpH2:ngualesidient-Errd SER ID AR 12 r ansder nal . Anot her
aspect of the |Qﬁﬁpﬁgon p&Qngaﬁuggfgg?ﬁjN@ngzELL4 anti-idiotype anti body
to at | east one DLL4 binding protein of the present invention. The
anti-idiotype antidPdsPRPE| udes any 25protein or peptide containing

nol ecul ® t hat camr-LEes atsileast-33fgBQIDom:I08 an i nmunogl obul i n nol ecul e
such as, but not ted t a | ementarily determ ning

regi on (CDR) of(gh%g%v m“‘wSh)&g?gﬁ %gscaqugand bi ndi ng portion thereof,
a heavy chai n orCOR-ght ch@mmwv&YWHﬁBEQﬂ@gKbm3 a heavy chain or light chain
constant regi on,yipafgpEBMRELK region, and any portion thereof, that can be
incorporated into a binding protein of the present invention. 30Any of a
vari ety of |nnuﬁBH%Héctloﬁ“@@%%&yWﬁﬁﬁﬁQ%Nﬁaﬁ6be adapted to enploy a DLL4
bi ndi ng39r ot ei n @jr-tifre |nMﬁmkggnngsE@ﬁB§t)ﬁkL4 in a mxture, solution, or
bi ol ogi cal sanpl ch | c formats include but are not
limted to rad| ﬁ%ﬁ oass%? A&g #ﬁﬂﬂ9gégﬁipitation, enzyne- | i nked

i mmunosor bent assay (ELISA), imunoblot (e.g, Wstern), imunostrips (e.g.,
i mmunodi psticks) conprising a DLL4 binding protein of the invention
35adsorbed or i mobilized to substrate?23FACS, and the like. Detection of
DLL4 using a DLL4 binding protein of the invention may be conducted in
vitro on a mxture, solution, or in biological sanple. A biological sanple
that may be contacted with binding protein of the invention to detect or
measure DLL4 in the sanple includes, but is not Iimted to, urine, saliva,
oral smab (buccal Ilngual or throat smab) dernal smab dernal scrape,

o P D T R T o o o o o o o




That the present invention may be nore readily understood, select terns are
defi ned bel ow. 5The term "pol ypeptide" as used herein, refers to any

pol yneri cwohaiw2sdé4am no aci ds. The terns "peptide” andPCprust@ioni7oas e used
i nterchangeably with the term pol ypeptide and also refer to a polyneric
chain of am no acids. The term "pol ypepti de" enconpasses native or
artificial proteins, protein fragnents and pol ypepti de anal ogs of a protein
sequence. A pol waeptodepmey be nmononeric or polyneric. Use of "pol ypeptide"”
herein is intended to enconpas ol tide _and 10fragnents and variants

(i ncl udi ng fragifents of vﬁggﬁﬁi%ghgﬁggg%FKX%ﬁless otherwi se stated. For an
antigeni c pol ypepiR-oe, a feridgmntnis oSEQOD Wi de optional ly contains at

| east one conti gygus;.or n .nea i f,pol ypepti de. The precise
boundari es of the a?aleasgﬁgﬁggg%rfggé?ﬁﬁgg%%nt can be confirmed using
ordinarysskill in the art. The fragnent conprises at |east about 5

conti guous am no/pgiES30 GHedtas at | east about 10 contiguous am no aci ds,

at | east about I5 contiguous am no 15acids, or at |east about 20 conti guous
am no acids. A VAHht of “HHypept T QIR NS descri bed her ei n. The
term"isol ated @mDR-B2:N" Ofesidies 8l-ad FSEQOD Woepri de” is a protein or

pol ypepti de thaQ: HXirtu%m8Ls&£ﬁm%¥§ 'ﬂ)ﬁ63§purce of derivation is not

associ ated with naturally assocl ated conponénts that acconpany it inits
native &tate; i VEBAHSKER(EDKPdy free of other proteins fromthe sane

speci es; 20is exyegsed byud..celis rkpaudned.fiker ent species; or does not
occur in nature. Thus, a polypgﬁéide that is chemcally synthesized or
t

synt hesi zed in &Rl arrey HEPERIRNO: ¥ Fom the cell fromwhich it

natural |y ori gi mares3:W | | reb@ues 9802 6l I KOomud t s natural | y associ at ed

conponents. A pgglghﬂ)ggéRguso be rendered substantially free of naturally

associ ated conp | ation, using protein purification technigues
wel | known in tHK@®RaHt:. 25Ffduet Brin dfSBQOVEIO:XIG" as used herein, refers to

the process of rgHpdgs.ing QQ&P 568 sERESN®S315uch as a pol ypeptide
substantially free of natura %haSSOCIate conponents by isolation, e.g.,

usi ng protein pdRi&ati ofsidust PhlQ§eESEQEI NORKOWN in the art. The
term "human DLL4/y Aabdn evk 8¢ted herein as "hDLL4"™ or "huDLL4"), as used

herein, includes_several EG--1jk i a DSL domain that is required
for receptor biﬁ%ﬁﬁ E The™3 e%#%ﬁ?ﬁggﬁéggcgagrotein conpri sing about 74-75
kDa. Thzo struct WIDR-Ahd dedsidedsBDMATERA IPNOLXERDN sequences of human DLL4 is
described furth in,. for g gt al., Genes & Dev. , 4:
1313-1318 (2000$ﬁ) % terﬁ§éﬁgﬁ£ﬁmﬁf@%§h?§0?%%ended to i nclude reconbi nant
human DLL4 (rh DILAN.IAMGPREctcan be prepared by standard reconbi nant
expressi on net hegsk-ui:Bi ol RUingad1-acdriskbhtiiyNo:2$ used herein with respect to
DLL4, refers to all therené bi ol ogi cal 35 properties of DLL4. Biol ogical
properties of DA -Trcl ud€ it BSHSIP MOt ed to, binding a Notch
receptors activaitDRrRig3:a Nofedéues eCEPOSEQ Negaievel y regul ati ng VEGF
signaling, repr ARQSVEEEQ%, and i nduci ng VEGRL. The terns
"specific bindi ’ fically binding", as used herein, in reference
to the interacti@R-Bf: an mndichdld3p,ofaEQARNEYHE2 or a peptide with a second

chem cal speci eprIBANS t Rabuet fifed JtsEOASNORP2 1 s dependent upon the presence
of a particular structure ( n anthgﬁnic determ nant or epitope) on

e.g., a
the chenical sp&dBels: forredsushyl- WS o5FAMTNG3& recogni zes and binds to a
speci fi 8 5pr ot eivH 8t0-cCOR getr at her than to proteins generally. If an

anti body is specif{j g, for epitope, . A nr.esence of a nol ecul e containi ng
epi tope A (or f?%%#ﬁhnlab%ggﬁsﬁfﬁ(ﬁﬁEggﬁggg%gon contai ning | abeled "A" and
t he anti body, wWAdDR-Haduceretithes EhumSEQID N&@Ped A bound to the anti body.
The term "anti beihk'p3.as USEH D&y RizRssis ARdbY2f ef ers to any i nmunogl obul in
(I'g) nolecule conprised of four polypeptide chains, two heavy (H) chains
and two |ight (IYL&KW3{PRBF any 10 functional fragnent, nutant, variant,
or deriyation thkgreof, WhicGlues 2t W ITSEQMENEs3eNnt i al epitope binding features

of an Ig nol ecul iIch nut.ant I r..derivative antibody formats are
known in the arfﬁnkgalini?Fﬁ S@%%%ﬁﬁﬁ@i?§£6¥gmhich are discussed below. In
a full-length ariDBbolly, eastuch&alofSRQINNOs336onpri sed of a heavy chain

vari abl e regi on (abbreviated herein as HCVR or VH) and a heavy chain
constant region. The heavy chain 15constant region is conprised of three
domai ns, CHl, CH2 and CH3. Each light chain is conprised of a light chain
vari abl e region (abbreviated herein as LCVR or VL) and a light chain
constant region. The |light chain constant region is conprised of one
domain, CL. The VH and VL regions can be further subdivided into regions of
hypervariability, termed conplenentary determ ning regions (CDR),
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Ilg Fe region has been determned to be 2:1 (Wst et al., Biochem, 39:
9698-9708 (2000)), and half Fe is sufficient for mediati ng FcRn bi ndi ng
(Kimet aw0,20BuR596d. | munol ., 24: 542-548 (1994)). Mt 2Crarssomo4m™oer upt
the dinerization of CH3 domain may not have greater adverse effect on its
FcRn binding as the residues inportant for CH3 dinerization are |ocated on
the inner 15interface of CH3 b sheet structure, whereas the region
responsi bl e for \ReRy.d ok 8g is | ocated on the outside interface of CH2-CH3
domai ns. However, the half |g nolecule nay have certain advantages in
tissue penetratfgﬂbﬁhe tomF@gsgﬁHVﬁgﬁgépE%“¥% conmparison to that of a
regul ar anti bodyCDR-H2:0ne esithedsthentt SEQID NeaRt one am no acid residue is
replaced in the 15t ant 1.0k, alel rotein of the invention, for
exanpl e the Fe f%g?%%, su%ﬁgF§§1R%ﬁgs ﬁg$§gé ion of the heavy chains 20is
di srupted, resulting in half Ig nolecules. The anti-inflamuatory activity
of 1gG is conpl etied i dbapsngent on sialylation of the N-1inked glycan of the
| gG Fe fragnent. The precise glycan requirenments for anti-inflanmatory
activity has beéﬁﬂhkkerniﬁ%@?sg%%ﬂﬁ§ﬁg NR-34ppropriate 1gGlL Fe fragnent can
be created, ther@r/Lgeneratiinrg4sBssaflSEg psom@sbi nant, sialylated 1gGl Fe with
greatly enhance ncy (Anth Sclhence, 320: 373-376 (2008)).
25The tern1"antgggﬁigindi%ﬁmﬁ%g?%gﬁ$Enggﬁ§§%tibody (or sinply "anti body
portion!'), as usEHAHRIRCPR Setef ers to one or nore fragnents of an anti body
that retains themdil.ity ftasuRi fidzsneehib&alhy to an antigen (i.e., to a
particul ar epitope of an antigen, such as an epitope of DLL4). It has been
shown that the &MEG&n- bi Kefwy FWESESAP P 34A anti body can be perforned by
fragments of a farR-Hb:engt Rsi@nrt 9bodyr sSEumNanks body enbodi nents may al so be
bi speci fic, duakﬂ?@ﬁﬁﬁ;;égﬁgr mul ti- 30specific formats; specifically

bi nding to two rent antigens (or two or nore different

epi topess of the Gankl:ant | gadles 2333fPE@SD d:33R ndi ng fragnent s enconpassed
within the termcmntj.gen- hindi RosNPEHPINGRHan antibody include (i) a Fab
fragment, a nonoval ent fragnent consisting of the VL, VH CL, and CHL
domamins:; (ii) afffab®)2 fieadwent?0 ASBRVANSRB2f ragment conprising two Fab
fragnments |inked/byiecisrkdi de bridge at the hinge region; (iii) an Fd

35fragnment consistjng of the V ains; (iv) an Fv fragnent
consi sting of tﬁihbﬁgand Wﬁ&ﬁ%gggﬂgsgsﬁgg@ﬂﬁale arm of an antibody; (v) a
dAb fragiment (WAIMR-B2: al . sesidNat 80-@, of SBQIBAD:326546 (1989); PCT Publication

No. WD 90/ 05144 .2 Whi ch . g i 0gl.s- vari abl e domain; and (vi) an

i sol at ed conpleéé%%g% de%%%%?%{ké%?g%?g%ﬁ 8%&0. Furt hernore, although the
two domai ns of ﬂﬁeiﬁﬁiﬂﬂﬁgﬁént, VL and VH, are coded for by separate genes,
they can be | oi rgsk-L US| NOrefi@ROMINAREQMBNORAS, by a synthetic linker that
enables themto be nade as .a single protein_ 5 chain in which the VL and VH
regi ons pair to‘?%?%?nnno@%&@ﬁﬁ” féE@F%%“%?ﬁomn as single chain Fv (scFv);
see, e.n, Bird@R-BE:., SeiérCc®-IAAREQIMIBORRS (1988); Huston et al., Proc.
Natl. Acad. Sciw,qg%{4§%bR§§g9-5883 (1988)). Such single chain antibodies
are also intend assed within the term "antigen-bi ndi ng
portion" of an &RR-body. ©ifes 2¥PraSEQID&OwgRe chain anti bodi es, such as

di abodi es, are @msQrenconpagsesh-ssirabodh&s.ke bival ent, bispecific
anti bodies in which 10VH and ins are expressed on a single

1d VL donmi
pol ypeptide chaifPR-biit usiHFRIGHREEQLRYP328 t 0o short to allow for
pai ri ngibet ween wrthelgvw cdem@i ns on the sane chain, thereby forcing the
dormains to pair W .conpl enen NS anot her chain and creating
two antigen bin |ﬁ%DEitesmfgg%?égxgggaﬁg$¢¥%ér et al., Proc. Natl. Acad.
Sci. USA, 90: 644R-BA48 (1t998)49-Folf SERIDROP2Y Structure, 2: 1121-1123
(1994)). Such artpbpdy bi ndiRgsPey drkPH$p RioS2kN0Wn in the art (see,
15Kont er mann and Dubel eds., Anti body Engi neering QS rin er-V@rlﬁg. New
York, 2001), p. rgothe)cgBriimenARigingpipiay) omprisss Hyrdrple vy Gpip gy setvadn
anti bodyes @bseleAi&l ftieany VHNERIT 3 @R BABH @Sup aBOEREd Siangldigh@hiin OfL)kandem Fv

segnments (V -V which, t er with conplenmentary |ight chain

pol ypept i dée ?EE%FﬁHé%giﬁF“%¥eﬂﬁ?ngﬁbg?%HP&&“P@ﬁggns (Zapata et al. Protein
Eng., 8(10): 1057-1062 (1995); and US Patent No. 5,641,870). 20The term
"anti body construct” (or "DLL4 antibody construct") as used herein refers
to a pol ypeptide conprising one or noré3the antigen binding portions of the
invention linked to a |linker polypeptide or an immunogl obulin constant
domai n. Li nker pol ypeptides conprise two or nore am no acid residues joined
by peptide bonds and are used to Iink one or nore antigen binding portions.
Such |inker polypeptides are well known in the art (see e.g., Holliger et
al., 25 Proc. Natl. Acad. Sci. USA, 90: 6444-6448 (1993); Poljak, R J.,
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Sequence ldentifier Sequence 12345678901234567890123456789012
QPREPQVYTLPPSREEMIKNQVSLTCLVKGFY PSDI AVEVESNGQPENNYKTTPPVLDSDGSFF
LYSKL TVDRSBMOQEEESCSVIVHEALHNHYT QKSLSLSPCGK | g ganmma- 1 ®0m4aisant/onmgé on
mut ant SEQ | D NO 3 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDY

FPEPVTVSWNSGAL TSGVHTFPAVLQSSGELYS LSSWTVPSSSLGTQOTYI CNVNHKPSNTKVDK
KVEPKSCDKTHT CPPCPAPEAAGGPSVFLFPP KPKDTLM SRTPEVTCVVVDVSHEDPEVKFNW

YVDGVEVHNAKT KPREECIYINSI RV LdeMLa ﬂﬂQQ}QYpNQﬁEc NKMRARI EHOFE SIAKEd a
QPREPQVYTL PPSREEN[I' SLTCLVK Y F>sgrL ENNYKTTPPVL DSDGSEF
LYSKL TVDKSRAERIRA OWaPEE RS YE P& on SEQ I D

NG 4 TVAAPSMFdr(EEQ?SDEW A&\ﬁvi@s hNbEMwPEEAW@ﬁMDNAR ECNSQESWHEQDSKDST
YSLSSTLTLS A P VIKSFNRGEC | g Lanbda constant regi on SEQ
ID NO. 5 @%%%%&%%ﬁ%ﬁ? YPGAVTVAWKADSSPVKAGVETTTPSKQSNNK
YAASSYL SL TPEQUKSHRSY SEQVPHEESPVRIRPVAPTESSSe:St i | | furt her, an anti body or
anti gen-bi ndi ng port mltoh@r]ﬁ@etg@wLb@m@a@ﬁR gf.- a | arger i mmunoadhesi on

nol ecul es, formed by coval ent or noncoval ent association of the antibody or
anti body portion wit NHoHE-36C oWt et 19t otEi ns or peptides. Exanpl es of
such i mmunoadhesi on S'nﬂndklemﬂlce:ﬂzsan@hudmw% %f the streptavidin core region
to make a tetraneric ( et al ., Human Anti bodi es and
Hybri domas, 6: 93- 10%@3&)&5% ﬁnge\}ﬂo a cystel ne residue, a narker

pepti del0 and a C-t er MHYal0.4p6IBRSesanddlnel (48 RRoSatrake bi val ent and

bi oti nyl ated scFy rmlvgcylloqgo@g@e{a)ﬁgw\m@g @r set;Mal . I nmunol ., 31:

1047-1058 (1994)). Anti bogé/ portions, such as Fab and F(ab')2 fragments,
can be prepared f r omYiSIN&E AR SORES NS LA otflient i onal 10t echni ques, such

as papain or pepsin ¢HYESIIR Sdi eapackioebyprREe; Whol e anti bodi es. Moreover,

an_ti bodi es, anti bodm&hk%sﬁan \; W@rlggggﬁsg&on nol ecul es can be obt ai ned

usi ng standard reco escribed herein and known in

the artls An iS/bﬂAaltOé’dCa)R&waLAws%Qmeﬂetherel n, is intended to refer
to an anti body that Ivﬁléllétggt(ﬁfﬁse@glldwﬂgﬁ)% @bg g&cher anti bodi es having
different antigenic specificities (e.g., an isolated 15anti body that

specifically binds h ‘%10|1§%§@E§ﬁt‘ﬂa4\10y3 ¢PRectghnd ant i bodi es t hat
specifically bind ant\mgzelrosDcamegetgﬂaarLthﬂ_j.@jR sé&n isol ated anti body that
specifically binds h ,_however, have cross-reactivity to other
ahtigens. such ASBIDPhETRLIFES THamrBtI e Shatat T ooty pipye

Mor eover( aa@cdps;)ofran@drlamdfdm;@ythﬁhgtndneccsptbls&aamwmlcbryprfsesae apfo atiher cel | ul ar
mat eri al erm "nonocl onal anti body"” and
abbrevi at i o%éﬁﬁﬁ\/&g%%%gmww c()nSl-m%etcfi herein, refers to an anti body

obt ai ned from a popubhety @ﬁméﬁceételtf%ww#é@%?%@%@d@ﬁ%ﬁ;zént| bodies, i.e.,

the individual anti bg@w&aggg@ﬁtbl%@gn&p@@mggg @p are identical except
for possible natural Igh Fccurrl n ons_t hat dbe present in mnor

amounts. Monocl onal }HB’OﬁC@Bt"gsreéueﬂ?eéﬂ]FQH%@Bé@l”13 bei ng directed agai nst
a singl® antigen. Futighelfaitic&ptot $2qeoces BmIDNOSﬁED&cI onal anti body
preparations thag de dif er.en ntibodi es, directed against
di fferent deterﬁl nantsn?ogclrl)ll ma%m?lmg%m ]ﬁd ebedal%dle ?Oem(?tn%eaagu%%nﬁgctepa single
det er mi nant frayrewoikewlbeit dogerses aF frast e ariceprk tegisn gmino el Substéutwmtwhte@mbl@

construed aa?mﬁcﬁagld'sédu&&e Bftﬁéjﬁ%[%ﬁekvgﬂl 1o letasl’t‘ @sﬁmfehtl%%é’thpyeqééﬂ&’e i hedhar method.
10The term "human anti body", as used is intended to include

ant i bodi es #sPIoRGRROrB1 é"n&’ﬁﬂm%ﬁﬁ@ftﬁﬂf‘mlf”‘%ﬁfil%rﬁgdﬂ%ﬁ?r\%‘“’dtofsﬁléllﬁuﬁ%fnan germ ine
i Mmunogbobulcidioseguenges. The human antibodies of the invention may include
am no acid resi ques hre]r(:)et bo 1 eQangX otelnrgles%e%emherglg 0(!) r{orrrllélerg%%l r?lg)nualc!:entosequences
(e.g., mut ati ons” I RETO Ueed by naom O 51t e- Speci iy ¢t agehiedl’s in vitro
or by sonatfranewotkalial @mpiises WW)one frmeweﬂqmreamm aplld@ul@mgmamqumspaﬁrtl cul ar
15CDR3.  HovgM&hy reliflf Sglgclgeqlﬁogqlggagg RLisR@dYr, as used herein, is not intended
to include anti’bodies in which sequences derived from t he germ i ne of
anot her manmal i an spe&sidee adige@htod§ PR rpuse, have been grafted onto human
framewogk sequences. a festialonsitdrea@ebi nant human anti body", as used herein,
is intended to include all human anti bodies that are prepared, expressed,
created, or isol ated®By F&¥8nbi nant neans, such as 20anti bodi es expressed
usi ng a reconbi nant exqmﬂmpabho‘f/e@taomngtm&rhsrhaﬂbm into a host cell,

anti bodi es isolated froma reconbi nant, conbi natorial hunan anti body

li brary (Hoogenboom Trends Biotechnol 20 15:62-70 (1997); Azzazy and

Hi ghsmth, Cdin. Biochem, 35: 425-445 (2002); Gavilondo and Larri ck,

Bi oTechni ques, 29: 128-145 (2000); Hoogenboom and Chanes, |munol. Today,
21: 371-378 (2000)), antibodies isolated froman animal (e.g., a nouse)

that is transgenic



25f or human i mmunogl obul i n genes (see, Taylor et al., Nucl. Acids Res., 20:
6287- 6295 (1992); Kellermann and Green, Curr. Opin. Biotechnol., 13:

593- 597 (woQadrjo2kdetit | e et al ., I nmunol. Today, 21: 364- 3TO/US2Q00¥)00©r

anti bodi es prepared, expressed, created or isolated by any other neans that
i nvol ves splicing of human i mmunogl obul i n gene sequences to other DNA
sequences. Such reconbi nant human anti bodi es have vari abl e and const ant

regi ons derived fronhbg,ﬁeﬁm;%gg@r m i ne i mmunogl obul in sequences. I n certain
enbodi nents, however, such r nt hupan anti bodi are. sub cted to in
vitro nutagenesis (oFCOI\‘ﬁﬁterﬁs“E‘ﬁg‘&W?eﬁEFavYF@stﬁréar]?eée@%anﬁﬁ% PPajngag Euences i's
used, in vivo sonmati eegiwut agenesi s) and thus the am no acid sequences of the
VH and VL regi ons of t anti.bodi es are sequences that, while
derived fromand rel a%e@1§uew1 nz?rva%%%e?%f cfmrclle VH and VL sequences, nay not
natural |y exist withiresidivan hiegien thantvitiosyetasy e Chdthindefinedoritidd Ieavsi n vi vo.

The term "chinmeric agtihasky” an&@k%aﬁdéﬁ@e@fﬁﬁt'hpﬁgbﬁﬁlﬂ%}ie@&kcomr' se heavy and
| i ght chain_varjable region sgquences from one species and constant region

sequences fFERTIrOIHEY T8 dEcT BEled G e FeunitniiiBer e s Havi W 2tHir e Heavy and
l'i ght chai re4sassmabIIe 30iegkBIWSHL 4T e<H, WoH FURP HE SRS 5 &) O, egHOITH, 69H, As
used herei r t | region

wi t hin ant %Hteﬁ{vzﬁ g%ﬁlg?ge%&g%@ré? 4EI)‘he é@@iﬁ{f‘%@i%g&g 3%irqe?’gc of the
variabl & r e@iLo‘Wé B, 1%e55lﬁe&‘ily65cﬁﬂél nllapd-, He 906, gHt, 98h8%¥In, whi ch are

desi gnat ed " CDRl, anothg%odlmaﬂda bn@@%roﬁelﬂ( &Ecn@&ﬁﬁreﬁfco&ﬁ%eé’%oh@psjughd’nﬁg' ons.

The term "CDR set” as used herein refers to a group of three CDRs that

occur in a é#AEYEriable region that binds the antigen. The exact

boundari es of thes@eﬁaﬁsenha&ﬁexbeeﬂqdd@fpfolfbeme@linfaédebmtcbmpramorem61@ to

di fferent syst stem descri Kabat. et .al ., Sequences
of | Prot o ne B TIRRAR G LA A ACEURSY <CRES FORIR SUE I UPEST of Heal th

Bet hesdé& MEQ IDO{QD8?) 11ant 6(32931).B1H8t9, @M&le@;ﬂzﬁl@éo 304,40 AN, iPous resi due
nunbering sygt8M3pRLI H3bl e to any variable region of an antibody, but also
provi des precise residue boundaries defining the three CDRs. These CDRs may
be referred to d%aCRgHRALOEDRY, 2 birdHE P deprdl WEWI@@P@lSEW@V%a@eand Lesk, J.

Hol . Biol ., dok38s, wiOdm Qkd tV&(OJVQI%.%)e dm@il@st v @anBho @ld-sequi¥RtibeBetedSfi th8géuB83

(1989)) found t hat K arly
dent Lal pRpvTiae YR BN BT et RoM S b e NeS e Ee B er si ¢y
at t he 2Qave$EQ)1ﬂ31‘8th$ pid aac i, mm«a@szﬁhmﬁ S ISEQAD NOSI$86 welr3@3.desi gnat ed as
LI "’ n 1 nt, a 1 T mv I d the !
desi gnat e t he | i i hﬁ%lbﬁ%?l%l tanl_lﬂ(]jHd nﬁg O%a%/cf/&@ ga‘."n'd%r%éﬁf@ﬁé‘ﬁnﬂr‘%%&?}"h vely. These
regi ons rrayvabeﬂ@r (B proferBly whkrein Hics nCRRBrises agHingte ahidvesupreeisstaled es t hat

overlap w tﬁbmp%u%mngther boundari es defining CDRs overl apping with
t he Kabat CDRs have been descri bed b Pad] an, FASEB J 20133 139 (1995)

and MacCal | um PEBINO161310 3%%&%)"? - ¥893% 48231456 32%??4 %ot her CDR

boundar g5 def i ni thh gasnomayentbotimsiityd Widing pf@dul avordingtooie itvastion esepriessy st ens, but
wi Il nonethel ess. ov oD 7 o¥ h.they y be
short ened glr lh‘e amV rghlgggmam{ {Ji‘l?refe%agp elclzltt|e()\]ﬁc%rflpnesg<sgdgrarlmr?%n?&m findi ngs

that parti c&gﬂ@ncerseeitthﬁe@tmgr@m@mpzstntgfofr esi dues or even entire CDRs do not

significantly ingaghaitigensBbadbygs INezyehass used herein may utilize
CDRs defined according to any of 25these systens, al thougl)h certain

embodi ment s use KHBEET eé‘}b"@ﬁlﬁl’ctﬁbea}nﬁé‘l‘an?é‘ﬁ idefsrRinding protein qanehiq of PREINg Kapat
nunber i s, "humdéabat - 4dsefdlbmdinggﬂa&m,coﬁ@ﬁkmgKabat | abel i ng" are used

i nt erchangeabl y her enrtlalnth hese .term ganarr'un el re reco ng 5§dm'thn ;he art, ref er
to a system of AUrfber e‘l’"h n%oam d° FEST duss "W ch>ar & norevar? abl e (i .
hypervari abdoeélstlnh@erE@tIﬁéiO 2AmdrsgQdPIND:F;esi dues in the heavy and |ight chal n

variabl e regi Onscmfgcoﬁé?an@l[fgh'c leglyhavﬁ)iﬁ a@ﬂmﬁ@écidg&@%elwe 0dicnpg ﬁ%ﬂl% Jupn thereof
(Kabat et al., Ann 1 (1971) and Kabat et al.

Sequences @?Slqbfl%?fﬁﬁEﬁ?SIDé\fo‘f'WQHBé\{%%d Interest, Fifth Edition, U.S.

Depart ment of Heald ariaichellyreiionSeving ﬁq&ﬁmnoublwsdau&lcé LaRtikORoNde ¢Qlp 3242
(1991)). For the heavy chain variable region (VH), the hypervariable region
ranges froni®8t'A% acid positions 31 to 35 for CDRL, amino acid positions 50
to 65 for CDRRID NOY SEQIINOCSCil Y 3p@sSi T BTNSI9R0t 321102, RHR2CBR3 and=a86; ande | i ght
chain variable 35region (VL), the hypervariable region ranges from am no
acid positions 24 to 34 for CDRL, ami né’acid positions 50 to 56 for CDR2,
and am no acid positions 89 to 97 for CDR3. The grow h and anal ysi s
of extensive public databases of am no acid sequences of variable heavy and
| i ght regions over the past twenty years have led to the understandi ng of
the typi cal boundaries between franmework regions (FR) and CDR sequences
W|th| n var| abl e regl on sequences and enabl ed per sons Skl I I ed in th| s art to

. N T - NN o, 17 1 ~ o 1"



25Resi due before the CDR-L3 am no acid sequence is always a cysteine (O);
Resi dues after are always Phe-Ay-X-Ay (F-GX-G (SEQ ID NO 374), where X
is any amwvoaoHoi2eié4length is typically 7 to 11 am no aciPdTrisge1doenos 30To
identify a CDR-HL am no acid sequence: Starts approxinmately 31 am no acid
residues fromamno term nus of VH region and always 9 residues after a
cysteine (C); Residues before are always Cys-X-X-X-X-X-X-X-X (SEQ I D

NO 375), where >£nﬁ§vaﬁ£bYe 18R 890k s a3 RS AU et Qllecies rath WRY®uA Trp (W,
typically TrE Val (WV), but also Trp-Ile (WIl), and Trp-Ala (WA); Length
is typical I"8'"% 7 amino acid residues. To identify a COR-H2 am no acid
sequence: StEQ IDsN@S: \A/ay3271528am9n330333|1ds32eﬁdm3es after the end of CDR-Hi;
Resi dues before ot e = W | - SEQ I D

NO 376), but ot ﬁ%’r&dl%%/ I'a erulovrer?s{tlo% Vgga% Vﬁecg) g‘ﬂ %( alr%e)}évhght%m(

Lys/ Ar g-1 ewdoriais §EPL/LPhEKME grofepys desihedt Sefrﬂil mhyeyisnlby Sl(ulﬁleF‘lMUig IRJORPTAA- T/ S/ |/ A) ;
Length is ty@hgadskaidfe el (AFhORE ﬂﬁl'sged{ 6% hlR8al DLO4 bil@RS hrbt¥indenfDR- H3

am no aci d sequence: Starts always 33 amno acid residues

after the eNEPET VERRS 1RPHREP BRY Rhals Iadogring fesgibgd Rt ne (C)' Resi dues

bef ore are al waysa @ﬁﬂé&e}ﬁbéﬁn&t)ﬁ)mmeg&ote& aafvydig o the iredtidn bibgspi cal |y
Cys-Al a- Ar C- I after are a GX-G (SEQ
ID NO 377)%\%}' 6LB%<('h B%gh galeastoneotcfrspf%li }S?HII lﬂorey%ferabﬁ ¥D \/3!;[‘0 25 am no
aci d r e$i duwegling protein deTbéectle?rem bﬁrgand?ItLédnfhmDLM@dlthecrfeﬁreﬁl@gm@ anti bodi es
whi ch conpri,a&i V\%@M& AR DU g hu 5184 YASAARL 1%01111@91)9134 ?ﬁ%%C%ER@LLJ om one
species but in he sequences of one or nore of regi ons of VH
and/ or VL a?yéOP%Ip‘\)e?détd)Wt*ﬁ‘dml@eﬂlﬁélﬁff’é% of another species, such as

anti bodr es havi ngaﬂmw di®ofMantys BNG bird@abrochak z!ﬂfu‘illﬁilﬁllrﬁlﬁbﬁmb@gir@ﬁt@eﬂ n which
one or eblndln 01%01’1‘8 m%rr ne CDRs (e.g., CDR3) has been replaced with human
CDR sequences. 8P THE t er m " hunani zed anti body" refers to anti bodies

whi ch cboihmpri se Heawtheamdodimghta IHdibmding piogbl iea €BRicafiedc@gwdncdsref r om a

non- human S;Q%’aﬁ? a(]ﬁLg Jomdl‘r'}g f)%‘ééﬁiqg M gfaﬁedygﬂﬁlﬁ)lay @lianélg%ﬁ‘ﬁﬁldlgg ﬁ)%&n't}%%opf the VH
and/ or VL sequentce h been altered be nore "hunman-|

simlar to Wﬁﬁ%nggw?ﬁmqrec%we&bb@a@eﬁuences A "humani zed antr body | s an

antibody or a 2%vahlofHreferSHy, iné ADRVLafieARAbAT or MigdnbAQTR @I)rtlt)lhtﬁér&gf whi ch
i mrunospeci fically

to.a en _of int and. whi conprises a
(ramovor k. (ERF O RRuT g S rRLEar M 5 PHE i e Bl ince. of a
human aht i badgenaimding p@temphese ningriyes dat erishladonging égirbad {HPORR)Prdf@abilyn the
subst anti al sed
nerei nr -t he- VPR A, 85k e BRI A B b k2 Crm
havi ng an arPmRore&sdl. @ehmeﬁe@emr frapgerk is30y @O thahuniag agept@gognewerky east 90%
at | east 95%.ri8td bheast 98% or at Ieast 99%|dent| cal to the amno acid
sequence of a naon-hunman anti humani zed antib conpri ses
substantially all\f["rblrrn% blwd’élldméﬁ@tel%ﬁﬁrpﬁ}b‘?félsﬂtﬁak}z“’r% aCt\YéW %/fé‘B?Iér“dorrar ns
(Fab, Fab',sckétabirgm B¢ gibadaGpsidhvg ofihamahidicts, abllse DLL4 uprsinalgtd madnkyy @ILL4, of t he
CDR regi ons rr.espan , donor
ant i body) and a 4 angrc Orgbdlba%? hlrereof Fg‘valualmllg tﬂ? "he 1Z?tlolémr:}1ealv0\g\gtl¥ Offg}gfrgcﬁﬁé lo%r e those
of a hunman @@smme‘grrelbmlirﬂa@owmms @e@[ueth@e’t Bxampitry edriyociirnieont , a

hunani zed aaaregsla%%taha%p&mm 5&%@5@1{1&&&& ar@nR Bfnktb OB, Bfibodis rhmruagl obulin
const ant ically that of human, i mmunogl obulin. In sone

| oNn
enbodi ment slglﬂa“ 1ﬁtafﬁﬁﬁr yills ﬁlpr%fraipmé&ﬂd/%rwhﬁewng H‘"’éh"raryd‘ﬁtf‘ a0 s wel | as
at |eassot rkebowtarlbaablloé M @feds1 08 1M, arabeeas\tyo thiai n. The antr body al so may
;gﬁ;ugﬁbgg?ngl:t ih’l ne e godlmnrlzn%e o bmd{nit; Bro cj:m og_}!l% 1nv(e31g1r(]) ass arcl) on, ra € cons‘%rallt Z( S:tIQ?IQR t
chain. In s@W(éHﬁ@dﬂah@mﬂ%zM ' hu]rmtrnb@edo3bﬂﬁ$'i bd@ytabwﬂtyO4Mdm]1; allwstaaoumurranl zed

heavy chai iy SRECLL HoRTHRAL ”%Eéasur@d YRR ?1@&OQPJS6IQ9£YPI%EMW5£QM ains a
hunani zed vari abl e domain of a I'ight chain and humani zed heavy, chai n.

A hunani zeobl%ﬁtgipboﬁ?o%%‘?dn‘fﬁét%é‘ﬁse?@toé@t@fCr%%ﬁ%né%]h)I?I]%{slé‘ beiveihtiog loBNi ns,

: ncl udi g |'|@‘M&et{)vgs(15,103|1\2991 tol1 g sarbetwb@élzﬂ4l\%ﬁﬁtoal@wilssgir&ﬁ@@eegllgm ythiong M t_hout
imtation |g umani zed anti body may conpri se

sequences fFoﬁ§%ﬁ?%gﬁﬁﬁﬁ%bb@mdpﬁgggﬁ?wlsotype and particul ar constant

domai ns may be selected to optim ze desired effector functions using

10t echni ques well known in the art. The framework regi ons and CDRs of

a humani zed anti body need not correspoRd precisely to the parental

sequences, e.g., the donor antibody CDR or the consensus framework nmay be
mut ageni zed by substitution, insertion, and/or deletion of at |east one

am no acid residue so that the CDR or franework residue at that site does

not correspond to either the donor antibody 15or the consensus franeworKk.
In a pr ef erred enbodi rrent such rrut atr ons, however vvi |1 not be extensr ve.

o, ~NNA 7 o _.l:_._ o, o, ~rnzs Y o, o,



occurring amno acids (or nucleotides) in a famly of rel ated

i mmunogl obul i n sequences (See, e.g., Wnnaker, From Genes to C ones

(Ver | agsgeeebiigehwiit, Wei nheim 1987)). A "consensus i mromagkaloolione
sequence” may thus conprise a "consensus framework region(s)" and/or a
"consensus CDR(s)". In a famly of inmmunogl obulins, each position in the
consensus sequence i s 25occupied by the am no acid occurring nost

frequently at thatndaRsdkbo@hehtNthd MEdifARbiY of thd bAoAl AR A&E Bss@a eIy equal Iy
frequently,_ either can I, t he consensus segquenc

e included in the ¢ e. . An
"af finity ndtored aafﬁ‘tsf%BWOiss’ SHROUAOTH YA  fimont 289te Lo bt e osiPer & ons i n
one or nor €’s ChRseakherteafrfashpladmon @satatcei Rrefrabiynips wnckiwpgpndtein of thdieveafidni ni ty of
t he anti bo 0 t t.antigen 0 1t par. ent. iBa i ch does
not possesg?éf %negfg eé&% ?[élﬁ((ffgso.]ﬂéigfrg)l gir)@lia f’ioﬁll(ﬁs/ tgéﬁgt’t??gft Oasngclybo\(l)%c}i es wll
have nanono} &mesyuredpe Ariarmobalicsadici-nities for the target antigen. A
variety of procegligs: du®bdiRERAMiNEhRdtdiNddie ifR Lt ARk DA &astat € known
in the art. For exagggltte, Mar ks et al., BioTechnol ogy, 10:, 779-783 (1992)
descri bes afpl AP At GRS eTgh! Soy i gHneshePouL O ihalimmesiahent 11 it mestAbim

mut agenesi s100f MCDRoarbbuoro'f Mamewerakout €61 St esat insst deS or. iPbddaty tBambiag et al .,

Proc. Nat. Acad. .Sci. USA 91 3800-381 : ' o @l o, Gene, 169:
147 35155 PI068) T YirlBieal Sapiog ol vl 60 Gl B8 5 4 GBS
Jacksonl®t BI’M; o810 IMtio] M, of 164 (7)) 83H00' 3310 10 T995) of IHAWKMIY @Y. al , 1
Hol . Biol., 226501_%%91’6&1%@%( g&l%%ﬁvent%%'p%%d’esva% a%go@}l dogé_@mct%t)mﬁﬁlnggﬂ (}ﬁ@_of

mut agenesi s positions and at contact or hypermitation positions with an
activity enth%HH%n%%eﬂaS&ﬂsalOSﬁéél?ocm@diaém%%g@meb@a of 4} IYSUEORHM No.

6,914, 128 Blonstahh@oniael M a'{ﬁfuﬂeﬁéd\eaﬂbwm_henlaiaﬂ%@tiﬁmymb@t@t E}c'boﬁﬁlglﬁitﬁésin?nﬁﬂnﬂgi ng
protein co S WO or nor.e anti.gen ing.sites (also r rred to

her e as SRt RLER b Fat g st P e bR bR e n © s
preferabl y @ngrineebedy, $ GDRawded dutigdy.arhumariad antbbdyenFddi nichbhgF @b b.edy. and i s
general 1 nak NALMER Ll ok O Gl BRI :bolNG hG1HB U b APRG | ©

bi nding protein” refers to a.blnalng protel n capabl e of bin INng two or nore
rel ated or Ve 2atkedyrad ptrecifiq 4Ehadi ng a bi ndi ng protein capabl e of

bi ndi " tmng?yemwerghgﬁ%@ﬁt,eﬁtan%w aﬁﬁﬁmq)ffth% merfﬁiaﬂa)rﬁpage]g@?qTanyla&lﬁ&ulhe. The
term "bispecific ti body", as use erein, refers to full-|engt

bt 1 bodi b PP PR EH P By USRI S0)  TRdRM I Febei n et

al ., Natlur edonBD5{ 15834 )G 53R tbid0mdil 388N [gbY colerridaadin, e bmpanga®i onstoft t wo

di fferent I i i . r . 14(6012):

628- 631 ( 13%239 3%: 9@%’5@% r?o’g%tﬁlt%%g”ﬁ’%ﬁﬂe@(% @fﬁ%ﬁ%ﬂ%ﬁ%ﬁﬁ%ﬁ%@“% ch

i nt roduces Wittt doang. ind muprats PEthe ggholg I0yae wWhesh May alfer B¢ gagima recppiese.  Nat | .
Acad. Sci . iihg, AR biing @44 B4R biarh@OUAIL ppiis M rplifel T er ent

i mmunogl obu] i n speci es of which only one is the 15functional bispecific
ant i body. BéinWBIi‘Secul ar function, a bispecific antibody binds one antigen
(or epitope) on leastlef cnitosinfeanbhtitdingnaroms ¢ooeylqpaE Pre@fabbiChe C), and bi nds
a different ant I gnjsggrma%piltc(())seﬁ)ionogtté ts second arm (a different pair of

HC LC). By fhis detinition  a bl sﬁ’emn%'i c anti body has two distinct antigen
bi ndi ng arns (i nnbether apedineitci PhLidningDRtcsedsrshelslein inpmjuggedtppoval ent f or
eaCh_ ant 1 gefyedil Bi*ﬂhiﬂgﬁrotreﬁl-cong I‘Q?oftﬂ?erimeﬂtwﬂ%{chﬁpﬁﬁbédygp ‘@epﬁ‘l%i‘ch afS used
herein, refers to full-length antibodies that can bind two different

anti gens ( dRURYY e depibElieryings copugatedipatpeai gfesphehq agepaistledsd Ho Lo)
(see PCI0 putidnt agiogicod¥dti02é Oz And)moadesion dolbgleyanameadiay ag&inaahckdpeutiol ndi ng

protein has two identical antigen bindi ar with identic specificity
e Tt s ottt G G o B sl B B ol B M ERkoBRED L1 1

bi nds. 25" Dualp coarsiizife rdoimailivh efzyDvR uolsicadilaty. pluoineices labfl, 4 he i nvention
COITpI‘ I se t Vﬁol%inggggn?laﬁéﬂtalngt?&ﬁplaﬂg,' aﬁ@bi_§t’ir£ %r@ﬁ}gf_eﬂﬁy thle?m n‘é%lge%ﬂ% a( t V\D antigen
binding sites), tetraval ent (four antigen binding sites), gr nultivalent
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and further at least one polymeric carrier. Preferably, the polymerlc carrier is a polymer selected

from one or more of the group consisting of: poly (acrylic acid), poly (cyanoacrylates), poly

5  (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

(ortho esters), poly (vinyl alcohol), poly (vinylpyrrolidone), maleic anhydride- alkyl vinyl ether

copolymers, pluronic polyols, albumin, alginate, cellulose and cellulose derivatives, collagen,

10 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, methoxypolyethylene
glycol and polyethylene glycol.

Another embodiment provides a method for treating a mammal comprising the step of

15  administering to the mammal an effective amount of a composition comprising a crystallized
DLL4 binding protein, a crystallized antibody construct, or a crystallized protein conjugate
(including antibody conjugates) disclosed above.

The invention also provides a pharmaceutical composition comprising a DLL4 binding
protein, an antibody construct, or a binding protein conjugate (including antibody conjugates) as

20  disclosed above and a pharmaceutically acceptable carrier. In a further embodiment, the
pharmaceutical composition comprises at least one additional agent. The additional agent may be
a therapeutic agent for treating a disorder in which DLL4 is detrimental. Preferably, a
pharmaceutical composition comprises an additional agent selected from the group consisting of:
a therapeutic agent; an imaging agent; an antineoplastic agent; a chemtherapeutic agent (such as a

25  DNA alkylating agent, cisplatin, carboplatin, an anti-tubulin agent, paclitaxel, docetaxel,
doxorubicin, gemcitabine, gemzar, an anthracycline, adriamycin, a topoisiomersase I inhibitor, a
topoisomerase II inhibitor, 5-fluorouracil (5-FU), leucovorin, irinotecan), and a receptor tyrosine
kinase inhibitors (e.g., erlotinib, gefitinib), a 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);

30  aco-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 to an anti-IL-18,
an anti-TNF, and an anti-IL-6/cytokine receptor antibody); methotrexate; cyclosporine;

35  rapamycin; FK506; a detectable label or reporter molecule; a TNF antagonist; an antirheumatic; a
muscle relaxant; a narcotic; a non-steroid anti-inflammatory drug (NSAID); an analgesic; an

anesthetic; a sedative; a local anesthetic; a neuromuscular blocker; an antimicrobial agent; an
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mmmunoglobulin; an immunosuppressive agent; a growth hormone; a hormone replacement

a radiopharmaceutical drug; an antidepressant; an antipsychotic drug; a stimulant; an asthma

medication; a beta agonist; an inhaled steroid; an epinephrine or analog thereof; a cytokine; and a
5 cytokine antagonist.

In another aspect, the invention provides a method for inhibiting human DLL4 activity
comprising contacting human DLL4 with a binding protein disclosed above such that human
DLLA4 is inhibited 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 DLL4 is

10 detrimental, comprising administering to the human subject a binding protein 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, including
carcinomas of breast, colon, rectum, lung, oropharynx, hypopharynx, esophagus, stomach,
pancreas, liver, gallbladder and bile ducts, small intestine, urinary tract (including kidney,

15  bladder, and urothelium), female genital tract (including cervix, uterus, and ovaries as well as
choriocarcinoma 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, sarcomas (including those
arising from bone and soft tissues as well as Kaposi's sarcoma), tumors of the brain, nerves, eyes,

20  and meninges (including astrocytomas, gliomas, glioblastomas, retinoblastomas, neuromas,
neuroblastomas, Schwannomas, and meningiomas), solid tumors arising from hematopoietic
malignancies such as leukemias and lymphomas (both Hodgkin's and non-Hodgkin's lymphomas),
tumor metastases, ocular neovascularization (including diabetic blindness, retinopathies, age-
induced macular degeneration and rubeosis), edema, rheumatoid arthritis, multiple sclerosis,

25  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 hypertrophy,
and other angiogenesis independent and dependent diseases characterized by abberant DLL4
activity.

30 In another aspect the invention provides a method of treating a patient suffering from a
disorder in which human DLL4 is detrimental comprising the step of administering any one of the
binding proteins disclosed above before, concurrent, or after the administration of a second agent,
as discussed above. In a preferred embodiment, the second agent is selected from the group
consisting of: radiotherapeutic agent; an antineoplastic agent; a chemotherapeutic agent (such as a

35 DNA alkylating agent, cisplatin, carboplatin, an anti-tubulin agent, paclitaxel, docetaxel, taxol,
doxorubicin, gemcitabine, gemzar, an anthracycline, adriamycin, a topoisomerase I inhibitor, a

topoisomerase II inhibitor, 5-fluorouracil (5-FU), leucovorin, irinotecan), a receptor tyrosine
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a co-stimulation molecule blocker (including but not limited to anti-B7.1, anti-B7.2, CTLA4-Ig,

anti-CD20); an adhesion molecule blocker (including but not limited to an anti-LFA-1 antibody,

5  ananti-E/L selectin antibody, a small molecule inhibitor); anti-cytokine antibody or functional
fragment thereof (including but not limited to anti-IL-18, anti-TNF, anti-IL-6/cytokine receptor
antibodies); methotrexate; cyclosporine; rapamycin; FK506; detectable label or reporter; a TNF
antagonist; an antirheumatic; a muscle relaxant; a narcotic; a non-steroid anti-inflammatory drug
(NSAID); an analgesic; an anesthetic; a sedative; a local anesthetic; a neuromuscular blocker; an

10  antimicrobial agent; an antipsoriatic drug; a corticosteroid; an anabolic steroid; an erythropoietin;
an immunization; an immunoglobulin; an immunosuppressive agent; a growth hormone; a
hormone replacement drug; a radiopharmaceutical drug; an antidepressant; an antipsychotic drug;
a stimulant; an asthma medication; a beta agonist; an inhaled steroid; an epinephrine or analog
thereof; a cytokine; and a cytokine antagonist.

15 In a preferred embodiment, the pharmaceutical compositions disclosed above are
administered to the subject by at least one mode selected from the group consisting of: parenteral,
subcutaneous, intramuscular, intravenous, intrarticular, intrabronchial, intraabdominal,
intracapsular, intracartilaginous, intracavitary, intracelial, intracerebellar, intracerebroventricular,
intracolic, intracervical, intragastric, intrahepatic, intramyocardial, intraosteal, intrapelvic,

20  intrapericardiac, intraperitoneal, intrapleural, intraprostatic, intrapulmonary, intrarectal, intrarenal,
intraretinal, intraspinal, intrasynovial, intrathoracic, intrauterine, intravesical, bolus, vaginal,
rectal, buccal, sublingual, intranasal, and transdermal.

Another aspect of the invention provides at least one DLL4 anti-idiotype antibody to at
least one DLL4 binding protein of the present invention. The anti-idiotype antibody includes any

25  protein or peptide containing molecule that comprises at least a portion of an immunoglobulin
molecule such as, but not limited to, 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, a 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 invention.

30 Any of a variety of immunodetection assay formats may be adapted to employ a DLL4
binding protein of the invention to detect DLL4 in a mixture, solution, or biological 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 invention

35  adsorbed or immobilized to substrate, FACS, and the like. Detection of DLL4 using a DLL4
binding protein of the invention may be conducted in vitro on a mixture, solution, or in biological

sample. A biological sample that may be contacted with binding protein of the invention to detect
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Li ht Chai NorAe&Rretrii 4306 L48PEL eSudEdut 19 nlPmiteflo0lrlk Rallve DD BhabChiReLSt
Germ i ne Feﬁ%&‘lﬁY_ S%%#}tenc d 1%34%6589 1234567q9016234561789b01% 12% %3/ JK4 FR1
DI VMIQSPDSL CE § , dermal swab, dermal scrape, rectal swab, vaginal swab, whole bloo
sample, plasma sample, serum sample, tissue biopsy, and any other sample obtained from an
mdividual by a procedure known in the art. In another embodiment, a DLL4 binding protein may
5 be employed to detect DLL4 in vivo such as various tomography and scanning methods, including
but not limited to X-ray computer assisted tomography (CT), magnetic resonance imaging (MRI),

and positron emission tomography (PET).

Detailed Description of the Invention

This invention pertains to DLL4 binding proteins, particularly anti-DLL4 antibodies, or
10 antigen-binding portions thereof that bind DLL4. Various aspects of the invention relate to
antibodies and antibody fragments, and pharmaceutical compositions thereof, as well as nucleic
acids, recombinant expression vectors, and host cells for making such antibodies and fragments.
Methods of using the antibodies of the invention to detect human DLL4 or murine DLL4,
methods to inhibit human or mouse DLL4 and/or human or mouse VEGFR2 or VEGRI1 activity,
15 either in vitro or in vivo, and methods to regulate gene expression are also encompassed by the
nvention.

Unless otherwise defined herein, scientific and technical terms used in connection with
the present invention shall have the meanings that are commonly understood by those of ordinary
skill in the art. The meaning and scope of the terms should be clear, however, in the event of any

20 latent ambiguity, definitions provided herein take precedent over any dictionary or extrinsic
definition. Further, unless otherwise required by context, singular terms shall include pluralities
and plural terms shall include the singular. In this application, the use of "or" means "and/or"
unless stated otherwise. Furthermore, the use of the term "including,” as well as other forms, such
as "includes" and "included,” is not limiting. Also, terms such as "element" or "component"

25  encompass both elements and components comprising one unit and elements and components that
comprise more than one subunit unless specifically stated otherwise.

Generally, nomenclatures used in connection with, and techniques of, cell and tissue
culture, molecular biology, immunology, microbiology, genetics and protein and nucleic acid
chemistry and hybridization described herein are those well known and commonly used in the art.

30  The methods and techniques of the present invention are generally performed according to
conventional methods well known in the art and as described in various general and more specific
references that are cited and discussed throughout the present specification unless otherwise
mdicated. Enzymatic reactions and purification techniques are performed according to
manufacturer's specifications, as commonly accomplished in the art or as described herein. The

35  nomenclatures used in connection with, and the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry

described herein are those well known and commonly used in the art. Standard techniques are
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elivery, an trelat-rrnce:nt of patients.

That the present invention may be more readily understood, select terms are defined

below.
5 The term "polypeptide" as used herein, refers to any polymeric chain of amino acids. The

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

10 fragments and variants (including fragments of variants) thereof, unless otherwise stated. For an
antigenic polypeptide, a fragment of polypeptide optionally contains at least one contiguous or
nonlinear epitope of polypeptide. The precise boundaries of the at least one epitope fragment can
be confirmed using ordinary skill in the art. The fragment comprises at least about 5 contiguous
amino acids, such as at least about 10 contiguous amino acids, at least about 15 contiguous amino

15  acids, or at least about 20 contiguous amino acids. A variant of polypeptide is as described
herein.

The term "isolated protein" or "isolated polypeptide" is a protein or polypeptide that by
virtue of its origin or source of derivation is not associated with naturally associated components
that accompany it in its native state; is substantially free of other proteins from the same species;

20  is expressed by a cell from a different species; or does not occur in nature. Thus, a polypeptide
that is chemically synthesized or synthesized in a cellular system different from the cell from
which it naturally originates will be "isolated" from its naturally associated components. A
protein may also be rendered substantially free of naturally associated components by isolation,
using protein purification techniques well known in the art.

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

The term "human DLL4" (abbreviated herein as "hDLL4" or "huDLL4"), as used herein,
includes several EGF-like domains and a DSL domain that is required for receptor binding. The

30  term includes a protein comprising about 74-75 kDa. The structure and deduced DNA and
protein sequences of human DLL4 is described further in, for example, Shutter et al., Genes &
Dev., 4: 1313-1318 (2000). The term "human DLL4" is intended to include recombinant human
DLL4 (rh DLL4), which can be prepared by standard recombinant expression methods.

"Biological activity", as used herein with respect to DLLA4, refers to all inherent biological

35  properties of DLL4. Biological properties of DLL4 include, but are not limited to, binding a
Notch receptor, activating a Notch receptor, negatively regulating VEGF signaling, repressing

VEGFR2, and inducing VEGRI1.
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mteraction of an ant1 , a protein, or a peptide with a second chemical species, means that the
mteraction is dependent upon the presence of a particular structure (e.g., an antigenic determinant
or epitope) on the chemical species; for example, an antibody recognizes and binds to a specific
5 protein structure rather than to proteins generally. If an antibody is specific for epitope "A", the
presence of a molecule containing epitope A (or free, unlabeled A), in a reaction containing
labeled "A" and the antibody, will reduce the amount of labeled A bound to the antibody.
The term "antibody", as used herein, broadly refers to any immunoglobulin (Ig) molecule
comprised of four polypeptide chains, two heavy (H) chains and two light (L) chains, or any
10 functional fragment, mutant, variant, or derivation thereof, which retains the essential epitope
binding features of an Ig molecule. Such mutant, variant, or derivative antibody formats are
known in the art. Nonlimiting embodiments of which are discussed below.
In a full-length antibody, each heavy chain is comprised of a heavy chain variable region
(abbreviated herein as HCVR or VH) and a heavy chain constant region. The heavy chain
15  constant region is comprised of three domains, CH1, CH2 and CH3. Each light chain is
comprised of a light chain variable region (abbreviated herein as LCVR or VL) and a light chain
constant region. The light chain constant region is comprised of one domain, CL. The VH and
VL regions can be further subdivided into regions of hypervariability, termed complementary
determining regions (CDR), interspersed with regions that are more conserved, termed framework
20  regions (FR). Each VH and VL is composed of three CDRs and four FRs, arranged from amino-
terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, and
FR4. Immunoglobulin molecules can be of any type (e.g., IgG, IgE, IgM, IgD, IgA and IgY),
class (e.g., [gG 1, 1gG2, IgG 3, IgG4, IgAl and IgA2) or subclass.
The term "Fc region" is used to define the C-terminal region of an immunoglobulin heavy
25  chain, which may be generated by papain digestion of an intact antibody. The Fc region may be a
native sequence Fc region or a variant Fc region. The Fc region of an immunoglobulin generally
comprises two constant domains, a CH2 domain and a CH3 domain, and optionally comprises a
CH4 domain. Replacements of amino acid residues in the Fc¢ portion to alter antibody effector
function are known in the art (US Patent Nos. 5,648,260 and 5,624,821). The Fc portion of an
30 antibody mediates several important effector functions, e.g., cytokine induction, ADCC,
phagocytosis, complement dependent cytotoxicity (CDC), and half-life/ clearance rate of antibody
and antigen-antibody complexes. In some cases these effector functions are desirable for a
therapeutic antibody but in other cases might be unnecessary or even deleterious, depending on
the therapeutic objectives. Certain human IgG isotypes, particularly IgG1 and IgG3, mediate
35  ADCC and CDC via binding to FcyRs and complement C1q, respectively. Neonatal Fc receptors
(FcRn) are the critical components determining the circulating half-life of antibodies. In still

another embodiment, at least one amino acid residue is replaced in the constant region of the
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the dimerization of CH3 domains and is stabilized by the disulfide bonds within the hinge region
(Huber et al., Nature, 264: 415-420 (1976); Thies et al., J. Mol. Biol., 293: 67-79 (1999)).

5 Mutation of cysteine residues within the hinge regions to prevent heavy chain-heavy chain
disulfide bonds will destabilize dimerization of CH3 domains. Residues responsible for CH3
dimerization have been identified (Dall’ Acqua, Biochem., 37: 9266-9273 (1998)). Therefore, it is
possible to generate a monovalent half-Ig. Interestingly, these monovalent half Ig molecules have
been found in nature for both IgG and IgA subclasses (Seligman, Ann. Immunol., 129: 855-70

10 (1978); Biewenga et al., Clin. Exp. Immunol., 51: 395-400 (1983)). The stoichiometry of FcRn:
Ig Fc region has been determined to be 2:1 (West et al., Biochem., 39: 9698-9708 (2000)), and
half Fc is sufficient for mediating FcRn binding (Kim et al., Fur. J. Immunol., 24: 542-548
(1994)). Mutations to disrupt the dimerization of CH3 domain may not have greater adverse
effect on its FcRn binding as the residues important for CH3 dimerization are located on the inner

15  interface of CH3 b sheet structure, whereas the region responsible for FcRn binding is located on
the outside interface of CH2-CH3 domains. However, the half Ig molecule may have certain
advantages in tissue penetration due to its smaller size in comparison to that of a regular antibody.
In one embodiment, at least one amino acid residue is replaced in the constant region of a binding
protein of the invention, for example the Fc region, such that the dimerization of the heavy chains

20 is disrupted, resulting in half Ig molecules. The anti-inflammatory activity of IgG is completely
dependent on sialylation of the N-linked glycan of the IgG Fc fragment. The precise glycan
requirements for anti-inflammatory activity has been determined, such that an appropriate IgG1
Fc fragment can be created, thereby generatinga fully recombinant, sialylated IgGl Fc with
greatly enhanced potency (Anthony et al., Science, 320: 373-376 (2008)).

25 The term "antigen-binding portion" of an antibody (or simply "antibody portion"), as used
herein, refers to one or more fragments of an antibody that retains the ability to bind specifically
to an antigen (i.e., to a particular epitope of an antigen, such as an epitope of DLL4). It has been
shown that the antigen-binding function of an antibody can be performed by fragments of a full-
length antibody. Such antibody embodiments may also be bispecific, dual specific, or multi-

30  specific formats; specifically binding to two or more different antigens (or two or more different
epitopes of the same antigen). Examples of binding fragments encompassed within the term
"antigen-binding portion" of an antibody include (1) a Fab fragment, a monovalent fragment

consisting of the VL, VH, CL, and CH1 domains; (ii) a F(ab"); fragment, a bivalent fragment

comprising two Fab fragments linked by a disulfide bridge at the hinge region; (ii1) an Fd
35  fragment consisting of the VH and CH1 domains; (iv) an Fv fragment consisting of the VL and
VH domains of a single arm of an antibody; (v) a dAb fragment (Ward et al., Nature, 341:544-
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20 The term "antibody construct" (or "DLL4 antibody construct”) as used herein refers to a
polypeptide comprising one or more the antigen binding portions of the invention linked to a
linker polypeptide or an immunoglobulin constant domain. Linker polypeptides comprise two or
more amino acid residues joined by peptide bonds and are used to link one or more antigen
binding portions. Such linker polypeptides are well known in the art (see e.g., Holliger et al.,

25  Proc. Natl. Acad. Sci. USA, 90: 6444-6448 (1993); Poljak, R.J., Structure, 2: 1121-1123 (1994)).
An immunoglobulin constant domain refers to a heavy or light chain constant domain. Human
IgG heavy chain and light chain constant domain amino acid sequences are known in the art and
represented in Table 1.

Table 1: Sequence of human IgG heavy chain constant domain and light chain constant
30  domain
Protein Sequence Sequence
Identifier

12345678901234567890123456789012

Ig gamma-1 constant SEQID ASTKGPSVEFFLAPSSKSTSGGTAALGCLVKDY
region NO:2 FPEPVIVSWNSGALTSGVHTEPAVLOSSGLYS
LSSVVIVPSSSLGTQTYICNVNHKPSNTKVDK
KVEPKSCDKTHTCPPCPAPELLGGPSVFLEPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKALPAPIEKTISKAKG
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liquid crystHPH BN RUEFUEEICTEIE € SHBES R S OFEY AR, SUfeBeat i ng,
t hr ee- dﬁmen@nmm&bmmm@wanmaysamﬁmmmmmmﬁmm@neqmnmmémwﬂesa4Mm@muammomenns such
as ant i bodig @E%tedt%ﬁnﬂ%éo%ﬁh cofB ikt h&%an Ibgd 15’%%% On Bkl pody conpl exes,

i ncl udi ng ﬁ anti gen conpl exes ese arrays are

arranged aclordig i@’- B &eE ﬁézaﬁmnﬁéﬁwwﬂaﬁ"r SlogharoRsHizpd+: B ar e

wel | - Under sta0ehdb i fiick] 2 doinfha, 0o loaly, distuoo 8 sikelingnlhack,  that
is repeated in a cr t he as nnetrfc unit. Repetition of the

asymetric APt ?1782?903)3@8%6%5 1P9pe BT aPIE! €8> AMGHOEHT SWEPET et | ned
15crystaﬂIo@fmmhnﬁmamngﬁmhygmeMmdB@mthelhmanmmﬁeki20aﬂ8tﬁescwysta
Repetition t he uni requl.a ree dlnen5|ons
provi des t hlg ll(e:rmam% anp-ér eé'urr Bézn 5 9tfchnc[1 { ?‘%Sgcfg Ot%%r {Jl!ttﬂ: e al blnmmétfaelNucl ei ¢

Aci ds and F’TOd@Je?h§64 %170@0@@)0 prceallbOApmremeld exmmﬂede@reated(melnmwaemdthéa ege,

eds.) (Oxf %gnsuﬁzh\ﬁﬁlﬁl%&s s@fhc?ﬂg%%ﬁuma%ﬁ‘fn&faﬁlgbuh;r %&%)seqtu&la@% &ber :i-)NAps%gﬁﬁzeg- 16. The

term "pol ynuc| eoti de" neans a ynmeric formof two or nore nucleotides,
ei t her 20r|%B%WEF@H?FH@@MUPUH@5§9??B%HWEWéb??ﬁ@@f%wmémﬁﬁﬁﬁ@PEﬁm@orn1of
ei t her By pegeafhling uﬁﬂmﬁglblﬁien selji@cdse InteitACrtdeiteshs, ngh &candh towienst r anded

forms of Dl\lf\ ntlbodles arefsub ec{n d tol z% gzjtrgﬂqzﬁgé) ol sy (l(’)]ru \%P%%% Im%r%al traltlsagler!lc o1 aflrr]naraf
polynucleotl ? é or syn iC origi or sone

conbination@@ﬁeﬁeeﬁemwmarwwwymvmmHMem@@Qmm@h@nhgmnmnmﬁeﬂmm56kémeUH
pol ynucl eot j,de7 rég?ong %th@%&)%ln@ﬁt %glbw&ésrheasle&ueﬁges ﬁat%{ﬂ% 1O @0 arRi%lXtE‘&’ cleotide

with which the "isol ated $ ynucl eotide” 1s found in nature; 1s operably
linked to a©penyrgeliasyHaad Yihsiaugees; mayggtnajuialk sesto¢hin fhedgnaraibgdy does not
occur i g5 Nadedhige apeitin 0. @ | arger sequence. The term "vector," is

intended to ref nucl ei able of tran rtlng
another nucl e o 1ot kb EorE” ke BedRodf nblh eRapputS ARy s a
"plasm d", whitddregief eqendeofran guerspeglearnddonstrhigegersandeds DitAardothepspedits,o whi ch
addi ti onal DNA segnents may be |igated. 30Anot her type of vector is a viral
vector, wherein additional DNA segnent$0nmay be ligated into the vira
genone. Certain vectors are capable of autononous replication in a host

cell into which they are introduced (e.g., bacterial vectors having a
bacterial origin of replication and epi somal manmalian vectors). O her
vectors (e.g., non-episomal manmalian vectors) can be integrated into the
genome of a host ceII ~upon. |ntroduct|on |nto the host ceII and thereby are
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"Transformation,” refers to any process by which exogenous nucleic acid
(e.g., a DNA nolecule) enters a host cell. Transformati on may occur under
nat ural owoant/fswital conditions 30 using various met ho#€Twsko10jonmvsm i n t he
art. Transformation may rely on any known nmethod for the insertion of
foreign nucleic acid sequences into a prokaryotic or eukaryotic host cell.
The nmethod is sel ected based on the host cell being transfornmed and nmay
include, bufyc & aR®bdibd B ihEMud headl ARIMghl MY AiBbIALL ORI inRedGEhilntth d¢nsARNMDI ane,
viral infection, electroporation, |ipofection, and particle bonbardnment.
Such "transf¥ffed” cells include stabl y transformed cells in which the

35i nsert ed DNA iss uedpabinghokrmr E€DIR" celtrs ©n camplbiemtagsdeanmiailf @gmrmuh;hy

replicati NG EILO%S narleg Feﬂue%ce? alrhere%{e tlgree CIt)EQs 1{1 eagpfﬁrﬁl%o ag%g; Es'%f rl: §e91 | ncl ude

cells which nsi ent express the inser | m ted per| ods
of time.5 chainanduhelighethpin, whedh@resiengnated gk 1" c'eIDR2", elor"Cé?iRﬁbrfw eachosthe cel | ),

I's i nt endedy,tigyd @éléi{s e t@rmo'@lDlR sbtnEsQJséMHeFehl r@%@w&l% oPNAe dRs BERRCur in
i ntroduced. I n_ an enbodi nent, host _cel | |ses two or nore (e.g.,

mul tiple) e el pmondhc BlarlSﬁbe QHET b O &Y by o thegg - Rigyraysoeen

non- i m ti n@fisedaiftdaly :tch@dlhgnetdlffeeht ssstdﬁss crm @etelmmcltk‘scr Rak et (Kheut et 41,262, 028.
gﬂf h taleg gs ¢ Sglott?eﬁclzers] oF[nr(c)jtems ofcfl%qmuno?%wQHnter'eﬁt (PY agonal Eqstlg%%seo?%[ter:ﬂtﬁ% ne_:’t;l{ ; qlsai'"i\?g 1?ICE)I’1 g € lmliy
occur if0s chl%?emdmgw@@me paly pongesdnenambigeus hardugmpndtingnysom a@phdblotenent al

i nfl uences,an? Uﬁﬂbl@?%ﬂ)ﬁ@yanq%o@yo%mt als@plfoaigés re@l@e ﬂeﬁa@%b&lﬁhle& @eftﬂrﬁgthg@r{r&nt cell,
but are still incl hin the sc fp he term” as used

herein. | n @RefbeaCRBhbay brgsfereldy tss"KFtﬁ&@a]El BP%teaW@wek%@hemardyou c
cells sel ecmeegjfzrrarmzany%obmtdle(Msngdotma @b, Madule, 34203701393 hew»aetaednment

eukaryotic i nc r | an .

anot her enbo%a1n “ﬁtpoglﬁ Ost' hmd'f b‘gt ing Ia%dg eﬁrtlj‘?‘ genh%ﬁﬂ%’tléﬁ ”1{%{) necfm?fa ronkar yot| c
speci es}s subpitEsotrgrgehiiarsgphtthe les@hofaminaacic elentd. Tése SIEbbwhloaswc@-IO HEK 293,
CGs, NSO, S(F%gna?eﬂ% 'PER"@’anhh]?}"ld?sﬁp't "}erlalnd I'IJBnew}bS;I'the '@ngldf 1&&”@1&' cell

speci es, suc Sacchar onyces cerevi siae. Standard techniques may be used
for reconbi$eaimtateipgAishiohiip e epichuan syatshegedivelynheisegiens qey eulefure and

t ransf or mat i @6t CORE!, @6lK RROBAhIBIs thdt lo{?b@lfa@ﬁitﬂ m)u CThRZ YRt botndaBACt | ONS

A e e N S A T
her ei n. 20Thel 38080 o9nendiNechnlugue /@b pRACedar-245 (hhp). seill geerT2it bomger f or med
accor di ng t&ﬁ%ﬁ&‘éﬁ@& LRty 1"143&&% oWﬁ% llrerekrpsgres tﬁuam?no%ﬁele%é‘&e dﬂgﬁﬁ‘é' bed in

various genera nore specific referen t are cit scussed
20t hr oughoufebp{Rsy digeysh thﬂ)e@i i sbetenarer legglenedain geht oerintiooRr enerigintal

Mol ecul ar  GifB$i@at ﬁné«ﬁ@%ﬁﬁ&w od)@ﬂﬁ@dlduessﬁ‘é%‘éntﬁgcmtgﬂ it s$£1'iﬂc5]191yHar bor
Laboratory Press, 80 1989) Trans nlc orglanlsm as

known in th&PHf tmﬂgrnérleirne "trlt‘f ‘g‘f’ih WSWP%‘?W IHWUHG’ iy lteﬁé‘t'c"ré AL 0%
transgene, wherngichs hi®uilr @nagan@dintehts oaueed of CHotid dednedICPRRI SM (or an
ancestor of the ani, resses . a I eptl atural |y expressed
in the organi smT%%tg rgrqa%aterlfgwmgé %a%%l%ﬂglcoris ?%@Pﬁa\‘xﬂm% areusec}[slt ably and
oper abl y i niiexghageadly ihereio. tflhfee tearonechafe recogmbed irf thoar, wiidr ¢ sastem efnsgeni ¢

organi sm d%‘%lb@rﬂ%am% &G tkifgs Wheh SXRORISHBR A, 3R rnaRaed edh &ﬁé&‘ émRpoduct in
one or nore cel | pes or tissues of the transgenic organis The

term "regul %Stdé"“déti’?dn thaBetiy apddightghadn YigiaRie jegipns/of prargRogy o an %H%Fn bipdingseq
her ein, 30 ef@mnt}ereaf E@h@ngel. ot aNY ahd 8eiatl 9oB82-I91 tlrwel)a@d Kabiat ¢y algBeqaerived ecul e

inter eSt eotegns 9f fmmungloglca? %Itgtl_‘lceas' ) Fﬁlt%tEdg\{lon1¥J §¥)eg§19trrﬁen of I)Iealtﬂvb%lﬁ at I On rray be
an i ncreas tarn a I VI

function ofSephes,dH EclicgiopNoi Hi@#28991) EXertip ey chat vaviplile Jegloaﬁﬂi)ttbmct i ons of
a nol ecul e ﬂy?&'béi'lqge rte'dﬁ raﬁée@ fr@lgtam n'o %1& Sdéltlt)& 31 l?d %J@)I@lh ahaci&l ﬂo%tlorﬁs

enzymatic activit feceptor activation, and signal transduction.
Cor r espondi #gP §° fOt%R% érctﬁmtt?@dtslrpatﬂ&ns 93 taéO%ere%D%rFer ¢ lighgchginvaiigSlsund
capabl e3pf reéi&l Marﬂlelhpgmarlabaé fe@61 Bge@Romdhiny hdidpoditiods umet34as cofrR1a nol ecul e

dul st or g iBignatiis bR R e By i hbd s o R b iR o o cortain

activity or function of a nolecule conpared to the magni tude of the
activity or function observed in the absence of the nodulator. In certain
enbodi nents, a nodul ator is an inhibitdt, which decreases the nmagnitude of
at | east one activity or function of a nolecule. Exenplary inhibitors
include, but are not limted to, proteins, peptides, antibodies,

pepti bodi es, carbohydrates or snmall organic nol ecul es. Peptibodi es have
been described. See, e.g., PCT Publication No. 5W01/83525. The term
"agoni st", as used hereln refers to a nodulator that mhen contacted mnth
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nonkeys, dogs, rabbits and other animals. Such substances include, but are
not limted to, blood, (e.g., whole blood), plasma, serum wurine, amiotic
fluid, sywowodlo2fdeui d, endothelial cells, |eukocytes, nPOO@SRES/V4OOEr
cells, organs, tissues, bone marrow, |ynph nodes and spl een. "Conponent,
"conponents,” and "at |east one conponent,"” refer generally to a capture
Santibody, a detection or conjugate antibody, a control, a calibrator, a

series of calibr@at gtr)snh aBd SERSL b MetsWe Bﬁlﬂﬁ@hatalﬁse@Qﬂ'htnﬁﬂorh%'aysecﬁeﬂ@ééfoffer a
di luent, a salt, co-factor for an det ect eagent,

nr
a pretreat ﬁé‘ﬁtblt@é‘a&ﬂt %%teé]t’?sd’ﬁer the Pati P ares e GZ{X’ fgn er%’ldﬁ‘? P%ﬁ a stop
sol uti on, amplcd bendarikebetwrat fra@mwotkaedidns [FR) ed! GIPR sqleintes fvakin azsmalyre@fona t est
sanpl e, suc . i ML 084 SSE Bl ance with
Sl o ouchl R PR T bt 0o RELU L BLAVRAAIPL bl ARg dance wi i1
the contextKapfit numberpe.ddethia ndinkeihg ouetker sysgtns.| gast e drating dirgein Eerugnce and

" conponent , i@ AngIIRANE ALY V%Ble'ﬁb‘ﬁlafﬂg eln@(oﬁ%@h%ﬂﬁl%' ﬂ%eloerds oidigsnanal yte as
above, such as a conposi tion conprising an anal yte such as a polypeptrde

which is optielAging (SPrpgrsNFTaeAid oA 08 SBPFP SBFdr 433 deneisnshpdsl nding t o

an anti -anade;etremﬁq@thgammamctmr se@@hgepemabd@)Dmmttmbm;ammSeaeserqrmip@ment s can be
in solution ar . lyophi sti.tution use in an assay. 15"Ri sk"
refers to t‘ﬁrelabrlneo%grygyh %n% Vam%fe hélﬁgg&lre%ms i m“de%féttlr cul ar event occurrr ng

ei t her present | yloadentafy a§@ﬁeLlrﬁmlrn>ta0tdmeqtlhveef uture. "Risk stratification"
refers to an array OfStaK%}meatef}'zﬁ%lmnB'aééfre&@&& R5:3 e BRno ArhAWSrPhySi cians to
classify patients into ow, nobderate, high or hi ghest risk of devel opi ng
a particul ar di sease, the YiLagF¥er or condition. Specific" and "specificity"

in the context of anRbsrttuebaeﬁerre@metlvtewandawmym@ﬂ‘ema(@%peci fic binding
pair (e.g., an antigen. t thereof n d or anti gen

bi ndi ng fragment thered @fafftergig% PRE LS5, ‘i[a’y%%ypt g%lt(% %f} of the

i nteraction. The phr gggallysihetitile aVQbbwdso Tp-Leatidn andl@gbus phrases refer
to the ability of angjbedi®ss-&PL 'r?ﬁril bindi pg fragments thereof) to bind
specifically to a nol ecul e ofé?nltdglrges or a fragrrent thereof) and not bind
specifically to ot heﬁe@ﬂtlﬁtﬂ”@@y@S’lgﬂé‘éﬁﬁ%mﬁﬂ%r ng partner” is a menber of

a specific bi ndrmgdea@ﬂy@c])ﬁ Retiofaid shiu@di:ng pair conprises two different

nol ecul es, whi ch spegr ficall ?46 bi.nd tfo acrg1 2%5 r through chem cal or

physi cal means. Ther 8FBHEVYF K0 WYt #16RE 4 ge[rt and anti body specific

bi ndi ng2(pai rs, ot her R&}Dc@eslfefome th¢ QIR -M.Q squadncsare geamerrlhcletitye IB)odut N and avi di n
(or streptavidin), c 1 . | ementary nucl eoti de
sequences, effector gﬂﬁ‘g{?{]ﬁ?@?’s“gﬂ ecuftdulmﬁ?eP ?gmﬁors and enzynes, 30enzymne
i nhi bitors and enzyné@lgthahﬁwtyﬁéatninkemdﬁéiﬁlteﬁer nmore, specific binding pairs

can incl ude rrenb[%rl(&mtlf@@tcmt@ a@n@laglggqu@ncg he original specific binding
menbers, for exanpl e, an anal teana oreactr ve specific binding

nenbers include anti 6@%31‘“%? Yene rcrdégtréﬂtegn Y5&Rdrt i bodi es, i ncl udi ng
nonocl ol and pol ycl[{esttalhba“m*etﬂamﬂmelss aaﬁnwueidlsec@aqce@mma@eesstelﬁer agnents, and
variants (i ncluding E—:é agnents of variants) thereof, whether isolated or
reconbi nantly produc 3 35"Variant" as used herein neans a pol ypepti de that
differs froma gi venRpdlugpréiptaraidwiye Pe-Gly BLGly (FoH¥ e (REQIS N 38t | - DLL4
antibody) in amno aghgd.XeAMERGH, RYg;t he addition (e.g., insertion),

del etion, or conservative substitution of am no acids, but that retains the
bi ol ogi cal activity ofeHeYEFA HblMGedsides. ., a variant DLL4 nay
conpet eswi th a woligthyfpe CDRLM4 afnﬁﬁodnrdrselrue@ewth an antr -DLL4 antibody if the
vari ant DLL4 retains i n ep pe) of the

W dtype brLa) - A cotaroger PRtk aer st Puh falb kEnhEREVRP L,

repl aci ng an am no acigwgnwidatwas glichiflers eftr a evviemo (@Qci d of simi | ar propertr es
(e.g., hydrophilicity.ang &ﬁﬂéa@@al@é}@ C§Qk§$-f<b@-3ﬂ)t-§lfk @]EQQB‘NCQ%)H egions) is
recogni zed in the art as _typically involving a mnor change hese m nor
changes can be ident Whetedf S gny egigp eidhy consi dering the hydropathic i ndex of
am Ino agj ds, 0as ggd(ekgdi@edftdrmﬁtvrtﬁsﬁrrb(W%ﬁ@mal@ﬁp,Va@e) 6lit aRb . J.dMaI based
Bio.,157:15-1 T ydr hic index o an amino acid i s base
on a consideration otj‘rm%fe)savﬁg)ﬁpgﬁ%%?@ﬁ and charge. It is known in the art
that am no aci ds of &engihliatypibafigSopathncacidreedies can be substituted and
still 10retain protein function. In one aspect, am no acids having

hydr opat hi ¢ i ndexes of 2 are substitut*t¢d. The hydrophilicity of anino
acids also can be used to reveal substitutions that would result in
proteins retaining biological function. A consideration of the
hydrophilicity of amno acids in the context of a peptide permts

cal cul ation of the greatest |ocal average hydrophilicity of that peptide, a
useful measure that has been reported to correI ate well with antigenicity
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known in the art. A preferred nmethod is PROFusi on nRNA di spl ay technol ogy
as exenplified in Exanple 2 herein. Another nethod is to i muni ze a

t ransgeniwonroddnsdsfe. g., a transgeni c nouse) that carri esTastunotioonal

conpl enent of human i mmunogl obulin genes wi th human DLL4 or antigenic
portion thereof followed by standard hybridoma technol ogy to generate

hybri domas that 15express fully human nonocl onal anti bodi es that bind human

DLL4. Reconbi na%l&H{@BC@Rthqh&&deu&ic@ by such a nmethod have vari abl e
and constant regions _derived from h %er rri ne |g$ulag%gl obul i n sequences.

Such met hods provi de ﬁﬂﬁﬁql‘(}ayﬁu?‘rﬁ’ﬁmﬁ_ctie Scﬁﬂﬁ]gt nd elimnate the
need to otherw se C aresyduebicfonree Qpicalip Leu- Ghll-]lhpl-ﬁe ofy (buheri@asE@n to reduce

t he sources of non-h td fL.he nonoclonal DLL4 anti body
nol ecul es. Accordi ngk@ggzﬁ@é '%ﬁ@%déé%ﬁlg S%)m ng material frommultiple

speci es are | ess preRevidverhfigiare ayprobedeetl/PhaThrgleaglhsgerdlstdd t hat the term
"nmonocl onal anti bOdy(K/ﬁi/W/gﬂ"//{l@fsﬁyA) is not [imted to antibodi es produced
t hrough hybri doma t echnol og The term "nonocl onal anti body"” refers to an
antibody that is der /88 I?W@Fﬁ“é{1@?"&3@@“@@%@“ Y%cl udi ng any eukaryotic,
prokaryotic, or mh@gﬁfy@b@maﬁ zalﬂﬁbamtsec;ub@erret hod by which it is pr oduced.
25Addi ti onal aspects arious .tec ques,qt oyed to obtain
DLL4 nonocl onal anti 8858Mngfgyu %Osacédc}(ezsoru aﬂer tgagcﬁ\?gn Ion are descri bed
bel ow. 10 Anti-DLL4 rr@lweyﬁlbﬁaiacammdi@ﬁl es u5| ng hybrl doma technol ogy.

Monocl onal anti bodi eR.GRB REPLEARLEEyUKING R W TR ek hthiRf techni ques
known in the art including the use of hybridonmg, reconbi'nant, and phage

di spl ay technol ogi esam%ﬁypéfﬂ@tﬁ:yé‘r’?ﬁ?ﬁﬁpbﬁ‘i}q hereof . For exanpl e, monocl onal
anti bodi es can be pr Qédﬁﬁleihfﬂd&r@zgwiwmfﬁ-@@ﬂ@GIwamﬂlX%lﬂSEQM| udi ng those known
in the art andtaughiN z) gﬁa{(n? i.n Harlow et al., Antibodies: A
Laboratory Manual , BHT TS P8 #'Spri ng Harbor Laboratory Press,

Col d Spting Har bor L@&&)l$tyﬁmméndlminoetbidaésidpesl n Monocl onal Anti bodi es and
T-Cel | Hybr' domaf%e eGSR - glgf’t%eda %d)("%fég’% aﬁ{lbodm éflo({ol%pns% al(d%%htd
references incorporated by reference in their entireties) SMet’hods for
produci ng afiain §ERIE Fisiey SfIBtcs P ong ﬁoe@?ﬂhublwﬂl@%thegqqmjwwbﬁme@bwepéchnol ogy

are r?utl neth@@]dlé‘&% ohs ({ﬁ‘hﬂ@MdﬂoﬂVE El@re@fa%edwhﬂﬁ ctmese@l ﬁﬂ@?ﬂéﬂmﬁt egsﬂéa& @emsenltl
|nven|onprOV|e net nQds, 0O r | nocli onha ntl nodl es .as we as
ot 1 bodt o5 PRSI BBy e RO L S PR g At PR g RyE T doma. cel |
secretihy anurantCDBeo e ,GIDRE hes bevy entacdwithhens GDHR prehes.abl y, the hybri donma
i s generated by SRk . ; o iy ed with an
ant Lgen of “the (1o BrR Ry EIRRKLES eaCloh Bl Ao TR e PR

hybri donmas heig dtrtabla geefon serenes ﬁfoalsau 19Prhfnaan SpRgist fecko franoeieoie B thirket IS8ty et e an

anti body abloioh@r faé 0l aﬁd/&@*ﬂs@@@ﬁde@l&‘s Rén aﬁt@%d!o%%iel"&ﬂnanﬁké efd YnoreoM ce can be
i mmuni zed wi.ith an DLL4 ant'% In a preferred i ment,. the DLL4 antigen

i s admi ni st¥PEG IR ETRECY FhIE Sqgensesy ﬁd'ﬂ“é"flaéﬂzﬁ%"é”‘“ ‘ﬁ’%ulﬁén ?n&% M85k, Such

adj uvants | \mﬁanucﬂem@ﬁmpziretog o@fragnreﬁtalméoetw&lcl-?ﬁxﬁumﬂsmclﬁd}mknam;tto arRinfigen Ofrur any|
di pepti des). p(@/l (I mminos nts my
protect t hemtﬁrg tf}%e‘ﬁ rgam rom f%agnﬁl 8&6#@ aVlB%lsuggéanﬂ%%lﬁ heerl n Oam(t’a in a local
deposit, orsequsesy Oﬁalyur@onmt@pctv @@bmméstawﬁaﬁmlmmlm(@DRh@Vhilést to secrete

factors th%bs@sfnﬁall%%%l%taéﬁ%éqﬁen@@&fa'ﬁ&?ﬁ%ﬂ%ﬁ%d@ﬂ@ uahetincompanent s of the
peptide is being adm ni stered, the

I nmune system Preéef erably &Fﬁé%

i muni zat i onvSERHEHY| R hp (Pnltexi ‘HC\? W %?DWVé”‘g&H?ﬁ“H? a4 ssgyepat 6 t he

pol ypepsio degous prlestids Bt 160y 0% e lsat 8d% \AH%SQ8WJIQ\AHV£f99‘Vad@h&gioehe amino

adm nistration of th ept | s d, Aft i on of
an ani nal %ﬁeaélerﬁﬁﬁp Ig)n'th ?{Igan i 1b°8 ggf( gélgm?fﬁ %nr%%%d %%rges SubsiagpauP' a‘lgliuci ng
cells may b(a‘ apbtseinnedd fypmﬂwttmvanblﬁdd)mammﬁénﬁab' F(E)L)L?4F@2ﬁ?t F\b@dwhlwﬂitoal ni ng
serumis Obsh@slta!ﬁﬁgly Al Qfﬂlé @ﬁR?e@loMorrps}ﬂorgltgﬁgs'e%ga ﬁHn h%i%gr{ 1'n£ﬂuﬁ(l)§"(%uﬂrh(?e ani nal .

The serum may be Used as it I's obtained fromthe animal, an i mrunogl obulin
fracti on medPIHEnEBRiRpEdl oF PORMTRE Al thefrosevahssigare st of sMiibodi es may be
purifiess frigmubdp@obSer ddhlensddchith@l Inlaﬂﬂﬂdmgﬂle@bwhdrﬁhﬁlz&baﬁlﬁlbdd? disd ddmbhdesatmanner

| ycl |, th h t ties. 200n
rmune.  osonui e ebaaasRag SRS AR B P e ant i gen DrLa

are det ect echnunodidbelimbussme gatfodiments.adumause agipbdyenntriss Hodrtvelghediaiaad

spl enocytes isolated. The splenocytes are then fused by well-known

techni ques to any suitable nyeloma cel*8, for exanple cells fromcell line
5P20 avail able fromthe Anerican Type Culture Collection (ATCC, Manassas,
Virginia, US). Hybridomas are selected and cloned by |imted dilution. The
25 hybridoma cl ones are then assayed by nethods known in the art for cells
t hat secrete anti bodies capable of binding DLL4. Ascites fluid, which
generally contalns hlgh Ievels of antlbodles can be generated by
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I n anot her aspect of the invention, reconbinant antibodies are generated
fromsingle, isolated | ynphocytes using a procedure referred to in the art
as t he saewecvad2bynphocyte anti body 20nmet hod (SLAM, asPdedseéloadone US
Patent No. 5,627,052,; PCT Publication No. WO 92/02551; and Babcook et al .,
Proc. Natl. Acad. Sci. USA, 93: 7843-7848 (1996). In this nethod, single
cells secreting antibodies of interest, e.g., |ynphocytes derived from any

one of Ej he My Ri1Z:8dhaRtipd c@mﬁ'ﬁf%f::[ me@@ckh h%uﬁ' ﬁ@@ﬂtﬂb@d} also ﬁaaylmaa&%ee&m ar eh
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and | i ght - cteaieins aﬂaamaalbftdevam@@d@male mhmhelnua@é(émwmm@mavmaleel I's by reverse

transcriptase- P%&rﬁ&zéﬂ@@boéﬁ@n%@%‘[ed’ %rh@r@lc?ass{ (ﬁ%ﬁﬁh%gl@lﬂﬁn; hendibe
expr essed in the context of appr opri ate | mmu n constant reqi OnS

(e.g., hurraIﬁMc@ﬁsIchn]tgAraé’ﬂll@nér)d any ﬁOt}‘lﬁn‘Fﬁéﬂ%ﬁ“WB‘gthm\‘é%’é 195 [e6gd g0 an
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transf ett edte@ellqhes Wtekblmogmllla@leart;el | s expressing ant [ bod| es to DLL4. The

anmplified i munagl @RHldoR &H%%RsfdﬁhﬁlﬁngmnﬁﬁyH&Hh&%@ésﬁcgld' n vi ” 0,
such as by in vitro affini mat urati on nmet hod., See, for exanple
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enbodi nent of bodi es ar ni zi ng
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5, 985, 615: 998, 209; 6,075, 181; 11b9 6, 114, 5%316 ﬂ 6,130, 364. See
also PCT P ﬁﬁieﬁvalf“ur%“r%@e “\?\8“@@%%&" L\/\b“@&?“ﬁ%ﬁélse “G635006: WO

96/ 3373%) \WOB8ki6654n02\WIDSLREBIIAMD B8HBARTrmADIAS (ht 503 Treq\WD1O9/ 53049;

WD 00/ 09560, %F}W roduces
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of the i nve@mm@reomﬁmegmlma@&gfobémt ih iREARNy (')fsthesaﬁﬁlﬁ)g}nﬁga{a ol Glenhi fy an
anti body having the desired bi ndi ng speci f Cltfﬁ% hods for such

screeni ng o‘TomP%r%tﬁﬁipﬁérﬁﬁm@ﬂqy‘HBWO?SlnB?F&Fﬁe%éhe&P@atWé FORHY P2 Bhe art and
20i ncl use niﬁitllif@(ﬁﬁitlﬁfﬁl&@ﬁvﬂhﬁde afomdld br @xepdn®]ar MSmH&tfeﬂ’the tN@et afnjge2 34 409
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(1992); dackson et al., Nature, 352: 624-628 (1991); Gramet al., Proc.
Nat!|. Acad. Sci. USA, 89: 3576- 3580 (1992); Garrard et al.,

Bi o/ Technol ogy, 9: 1373-1377 (1991); Hdbgenboomet al., Nucl. 30Aci ds Res.,
19: 4133-4137 (1991); Barbas et al., Proc. Natl. Acad. Sci. USA, 88:
7978-7982 (1991); US Patent Application Publication No. 2003/0186374; and
PCT Publication No. WD 97/29131, the contents of each of which are

i ncorporated herein by reference. The reconbi nant anti body |ibrary
may be froma subj ect |rrrruni zed with DLL4, or a portion of DLLA4.
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5,580, 717; 5,427,908; 5,750, 753; 5,821,047; 5,571,698; 5,427, 908;

5,516, 637; 5,780, 225; 305, 658, 727; 5,733, 743; and 5, 969, 108; each of which
is incorpyoabad2benei n by reference in its entirety. PCT/USAE100¢m06 | bed i n
t he above references, after phage selection, the antibody coding regi ons
fromthe phage can be isolated and used to generate whol e anti bodi es

i ncl udi ng human anti bodi es or any other desired antigen binding fragnment,

and expres saegbrécﬂveaﬁwag&e&g 5&5%&%& at chiifel S0y R@mutadn rwsrrrasad wiglmGelvi$, i nsect
cells, plant_cells and, bact er descri bed in detai

bel ow. For %&%ﬁﬁr@nm¥%> ﬁ?ﬁﬁ§§w$8mpébgﬁgﬁﬂ%ﬁ9ﬁy’%r%ﬂﬂce Fab, Fab', and

F(ab')2 fragnenﬂmeeam%aMembhﬂmﬂm@meﬁddu@wmgmmmmn@dSnkmmmmmgﬁmﬂhemart such
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| munol .35 JandipGr@en i POSSYPly cagitkeBatcthare e gffmore @egeer@@émgmanmm 1043

(1988) (Salgm&ﬁy%&ﬂﬂﬁﬁéi B&ﬁ&ﬁg&ﬁ&&g @Mm&%I%ﬁﬁ@&%ﬁme&H@#ﬁwﬁn&&&QéheS)
Exanpl es of techni ques can be used to pro uce single-chain Fvs and

ant i bodi es THEISREECR FBLE ‘Hé@éﬁ“g Ber AT LY EElaRbareg's, 912%“ 728 badige

55, 258, 498; préteis tpablesd s balding thdadr h@ﬁﬁSdlﬂfdﬂenEEpZtym baRysam?2 Oet A@ecBB. (1991); Shu et
gl(n ’en(F:reOC 2 48|(?‘t de&g%%}%ﬂ)is%%cifggg ody as used%ﬁﬂe{n7 gt%rs t(g 1;!218 %:1‘2 %th af%1bod1essl$ aI:r gr%‘ et al.
reconbiHantgaﬂmﬁhndwwhmhMammégybyebwagemdﬂQﬁmay3Oﬁ&ﬁé}5ﬁ%@m©U@Dbgyes known

in the art Jh%lcﬁ%ﬁ?g@ﬁdﬁ%flw%rc&?er&l%wo%ﬁa%ﬂn%dlés [RE BlabS st a@%zﬁg applied to
the identification of the invention. One pe of alternative

expr essi on §§@95%¥?§68ﬁé%¥H %@%ﬁ?@ﬁm?h@eW@Eﬁﬁﬁﬂﬁ@ﬁ@“&ﬁ?@%@ﬁvwﬁfbrary i's
expressed asuthNAs 1|a fiRtFe kddioh Ueé PEISger ASIL. de&crvmbeéad Svi RSH, doulal-iseatdsan No. WO

98/ 31700 nd Ro roc. Natl.

Acad. Sci . ‘} @%}2) T§S¢1ﬁ]f§ﬁj§1?u %%%érfn%@%mgl%g? ?Pe%m i gﬁn‘m }éon(?osvtgff ent fusion is
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vitro translg %%?Quﬁéoﬁ%@&ﬁﬁ&h% ﬁﬁN@&nkﬂﬁFHé@bfxmﬂMH Qﬁ%kﬁmaﬁyQERﬁ'dy|

accept or ant I otic Peci can
15enri ched RN & its6repIERm @eifﬁrlep%rof ﬁﬁ% Féth@ deﬁlatl%loarmrpﬁcafwcﬁnrleﬂdy li brary)

based on t hgs r:»roommt b@gefindiltenBNGadedpRERl) 48 (PR sBEei@d)Ntnd 8 n@novaRAtt | body,
or portion thereo gras bi ndi ng of the antibody, or portion thereof, to
t he dual spQE?ﬁV@lgVﬂiﬁlFﬁen Nucl ei ¢ aci d sequences encodi ng anti bodi es,

or port2ons theﬂéeknnhEdem@ﬂEdmﬂpanusmﬁﬂenbmgebmusMbhmghmﬁamhesmmam be

expr essed %Jt%ﬁﬂ’f%}eﬁ't%ﬂﬁ H%&%%%%%%ee%% it gvoabtal%}{ig '(??aﬁr ofﬁc lian host
cells) and, noreover, ecte to furt arfinit turatron by
ei t her addi RGTdnlhhcard@dﬁ@é)Z/@Wé)c ﬁeeﬁthejy e@uahwmﬁ%emlrg@e)tqﬂu@ﬁ twvsldqnﬁcarmr ch

gut az Ih ons he?rrgeg%feag heits ABUERHcal rtisbc@ﬁc:upen@aéngéamtebkyeq?&kecgnﬁ% b%eg?reace( s), or
y other nethods for affinity maturation in vitro of reconbinan

anti bodi es, ”ﬁ%?éqv%ﬂﬂ'gﬂ% A preferred exanple of this methodol ogy, is
the PRCEuSIi on dwsmﬂaymmed&mmPngwmmpmamaﬁmhnwﬁmenﬁxﬁmmbemm@émbmammeZSIn
32%’2?2[ eng; %a?%%lnhﬂggl g%mlsdtl)ﬁ%glbegwégﬂqt Qwo ?(rr%genso mg![sﬂe\é)e r%vafgliltﬁ%ur ans%en dl Spl ay
met hods, g@ehngeltwbph@deva@m@mﬂs@@rqt@nSt @Nﬂ?ernafahﬂt ngyoebycitic hai qaeabte(@f t he yeast

cell Wal l aiﬁﬂin%‘ oﬁpz!m% ent(&%mt %@mﬁ%lt@ﬂéf B%ﬁtl@&)lﬂ(ﬁﬁétcapalﬂ@ opl?rﬁcflﬂngl) g, sSuc h
yeast can be utilize di spl ay anti gen-bi ndi ng domai ns expressed from a

repertorre1Bre€8ﬁﬁiHétSWVEPmﬁﬁwaﬁﬁﬁﬂFSﬁW&P?“@@@mbmme%ﬁﬁﬁﬂﬂﬁ¥nﬁﬁr|ne)

Exanpl eso Ofep)t@ﬁ&'bfdd’feﬁdﬁ{ @iget 30N 0d refelrat DVIBImerﬁg pieedl coaprivkieo hdaey ant i bodi es
of the present ven in S i SC Pat No. 6, 699, 658
(Wttrup et %aPD;V%rpr? rp?gerszft1 &8"’%%1? Cﬂal IEVB 3 %ePtscﬁetszleS rer} egtoa eV 8n of
reconbrnantmﬁmn@&&nmfboﬂﬁésw” &whaDR@HgbmdmeyD@miwhetgmee@nmdinvention may
be produced.Qy;anyoh Ig@} rH&iéEQl%rbuPﬁroxtl@e% At OHGERn KRAWNSik thah NEIL8MlotecdTOr _€xanpl e,
expression from host cel wherei n exgressron vectorﬁ s) encodi ng 35t he
heavy and |Thyhtcadhaf ofs trteme%cr%‘jD%%laﬁ@@w dted i SprabotANHsftof gl mglecss andar d

t echni gskes. ana_b@npi@d’sla(hbbﬁry tlRmmvDholifstid etda hguqroams b@@tﬂo%epuad sutivfitieaded to

enconpass a e variety of techniques C. us or the introduction
o exogenodh e P pPisk i ot VG RRER Y HRel o i LS
eIectropora@uoﬁmmuamdhﬂmﬂpmsebhavbiymeo&pwbamnwnmﬁ@EMEKMth$an transfection
and the like. Although it is possible to express the antibodies of the
invention in either prokaryotic or eukdbyotic host cells, expression of

anti bodies in eukaryotic cells is preferable, and nost preferable in
manmmal i an host cells, because such eukaryotic cells (and in particular
manmal i an 5cells) are nore likely than prokaryotic cells to assenbl e and
secrete a properly folded and immunol ogically active antibody.

Preferred nannalran host ceIIs for expressrng the reconbrnant antrbodres of
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5synt hesi zed. The method can further conprise isolating the reconbi nant
anti body fromthe culture nedium 1. Anti-DLL4 anti bodi es. Am no acid
sequenceswof2oMi289sd VL regi ons of isolated fully hunman aoTiusediomsg7obhat bi nd
human DLL4 are shown for clones E9 and A10 in Table 4 (See, Exanples,

bel ow). The isolated 10anti-DLL4 anti body CDR sequences of the E9 and Al10
anti bodi es establish two novel famlies of DLL4 binding proteins, isolated

in accordance W atnhgeﬁbinaﬁagmelo@m)v@nglblﬁm@rbt&hHsgieﬁ@hylaﬁratdbﬂﬁs that incl ude
t he CDR sequence

erive and affinity mat ure | ones_t hereof or
derived from aﬁ’fﬁﬁ %ﬂﬁﬁn"&lf”?*’i??ﬂt‘%Qf{nﬁﬁ‘?tmsecamﬁrls%ael?a‘%;ﬁ@?“é?Saf“ab THEATHY] F’éﬁﬂ % regions
and CDRs ofhglht”@alEQarmblndmha@rn@AL) ail & ety sardbrafidvoRed iyt ambrulvlﬁhhgder dnvigdni ves

thereof ar ebnltx né sﬁé,j[ d&ccor?[% easD\ﬂ) 1 qﬂmd%% 3r0%ezﬂnt8§%%flslt§v%%iffe;r Qt ea}{ogaé @p ! ol egi ons

and CDRs of onoct onal I nit &rivatives
t her eof ‘r ediff¢rent eitopes offtayb Ididferpnt agtlgeamlem@es Owogléﬁ@mmpéommf thegagedngiemn CDRS

for bi ndi NgnREQLPIRDriRE ELMAERBinkiRe LiRQlelivaY &0 b GRt fAMaDBoRE BhL h1B6lyDLLA
bi ndi ng and/ or neutralizing activity with respect to human DLL4, standard

met hods knotff 21 HUERSTYNE St 2 FEPdPRE AR BY AURGIRBt ei ns of the present
i nvention and ass&ssiphig df ke dal.gjnélexbﬂenmh,rngd antefizat@uw DYID-Igibhging

char act eri stiesof pROLNRS FCPGkNG, R AL LI TR B a8yl BgLHElingy DUt not

limted to 1Atml)*}ose Specl Bed " Her
al i gnmeht  oWVuthé, aviraBioach ﬂ%@ﬁ@ré&?&é@oaf AtrhvderGDRsmpfe of bieh REEYY chai n

variable r erg(l)l&lﬂQS éo%@‘tse@@%a@&ain'tﬂmonﬁgék The \!ﬁ{c{u?alp%o?rmﬁéegbp @?1)1( ka COf the
anti-DLL4 anti bod 9 clones described herein he 1 nvention prow des a

DLL4 bi ndi ng2Pr weeé%VEb}%ﬁrﬁff%P%gy %ma%ﬁa#]@é?fm@siyl%%di NGUO ARV R RYAIPE of
bi ndi ng hU%ﬂmﬂLdlfb,ahSﬁrbzdha@fHoh%ﬂddﬁiaﬁthﬂ@ aGigliviih ﬁﬁ@ﬁiﬁ{?lb(ﬁthzﬂg1ﬁ{ot tﬂ@,s{tz one or

nore CDRs sel edfr m.t u |st| 2 - X4 -
e o Yt iBitls 1R iRER0 .k B Hin (R e i ™S, T s0%s
IS S, N5 T, oBGubr VIR-(Xh-VB2-¥:(XXb, Wigret ‘élbl lHa fiplighschyih vamdle Xgmdis VB2 is a

35CDR- H2: Xi Secozg% S%ht ?:i%m Vaﬁ(a%le doégm V%lxg hghtXIZam coﬁg@ant c_lo%g%m %ﬂ'g ahé%leil'wnﬁ(&lg X13 -
X14- X15- Xl16 erern; X X3 Y, N, or

S; X4 is Y;proviso that it 1s not CHl and XZ)@eS' ngt cpmpN;e aAFc 1|eg1,015 a@qrn ]RO 05b(79ut|p§f@bl}x7 is S

N, Tor G X8uilsa ﬂ_VDX@mhy&o?ﬁprls%'t\Oo dush %avyl&aiﬂs]anﬂ ﬁV(NucMﬂggt dhﬁnsth@féaﬁedcﬁ S, X14
is L; XlSIC;FK and 4 - X5 - X6 - X7

- x8 e R SR T O P RHEPEI A 0T B g WL, or
A; X2 i 30 D, befyeeiByari@le Mgiofs, witerdN) a M8vyi chaiWandM light, ch#n assaciafy to Xdm fegddm A, P, R,
S, K

Q V ful%tiOM Qirtiggl;binding sites, and a pair of heavy and light chains may associate with another
pair of heavy and light chains to form a tetrameric binding protein with four functional antigen
binding sites. In another example, a DVD-Ig molecule may comprise heavy and light chains that
each comprise three variable domains (VD1, VD2, VD3) linked in tandem without an intervening

25  constant region between variable domains, wherein a pair of heavy and light chains may associate
to form three antigen binding sites, and wherein a pair of heavy and light chains may associate
with another pair of heavy and light chains to form a tetrameric binding protein with six antigen
binding sites.

In a preferred embodiment, a DVD-Ig binding protein according to the invention not only

30  binds the same target molecules bound by its parental monoclonal antibodies, but also possesses
one or more desirable properties of one or more of its parental monoclonal antibodies. Preferably,
such an additional property is an antibody parameter of one or more of the parental monoclonal
antibodies. Antibody parameters that may be contributed to a DVD-Ig binding protein from one
or more of its parental monoclonal antibodies include, but are not limited to, antigen specificity,

35  antigen affinity, potency, biological function, epitope recognition, protein stability, protein
solubility, production efficiency, immunogenicity, pharmacokinetics, bioavailability, tissue cross

reactivity, and orthologous antigen binding.
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X5is L, Y, For M X6is R G S Qor AX7TiSG X8is G Aor S, X9 is S,
A LV, Ror G XI0is D and X11isY, Db S, NN H E R L, P, C T™ T,
Q or K, WD-20MA2596X3 - X4 - X5 - X6 - X7 - X8 - X9- Xi oPCXiUSR0108EQ0¢ D

NG 102), wherein; X1 is S, X2 iSG X3iSQ Eor Db 4isR S, G M K L
or T, X6isL; X6iSG X7 is Dor E; X8is K X9iSY, Xiois Aor V, and
Xii isS; XI- X2 - X3 - X4 - X5 - -(SEQ I D NG 103), wherein; Xi is E or

Q X2 is D X3 |A3D6D I};—blnc-llfng Iﬁﬁ)telga&f)rdﬁg t(%ﬂe inentfon blnds ﬁleaNyon&pl‘ﬁpe ®F M X5 is
R X6 is P;, and X7 is X8 - X9(SEQ ID

X7
NO 104), V\lﬁgltalépﬁu pr%em Elo?jlml??g ?Xéml&es %3 Ry - I;é,%w‘m&am few afforcy@ PleR s M E,
N, G or K 1n\)66t10n3nc|Dlde h DEEDX¢ bingingd pro¥in tit bisds@ne Mm&@e&ﬂopei;of(ﬁpmaﬁn DrL4C: and X9

V. CDRs
ceser bed DS BRIAD B PonakDs. BR) PR SOTRLNEACA BR800 1ot e
pr ot ei nsd sednetberepkcfes doncrderlgmoup). t9rddR-lerhipdak protaisa bindsanrepitpst of &' my™ )

DLL4, cynonRh@hBrIPHEeY ep(lto Qﬁﬂﬁle%h%et,m 1GMIR Gon exbbbtd vERRRDL BI&EE(%% pLLA.
Based on an alignment of e am no acid sequences of the CDRs_ of  the heavy

chain vari abl e r%jv%ﬂ@akmenaﬁ@% He" ‘Pfaé’ﬁ’fhné REfe 1?/%HE|tll‘§ib1SéapP@@? d)ﬁ@me\%) of
the anti - Dihdetandgen OThy ahik6n EihOResitesChé degenivaiiai Bite it REndcave iseongr ovi des

a DLL4 bindi tein c I gen. .bindin Q apabl e of
bi ndi ng hu miq‘glgﬁrel% antlbody rorlgp\{vfngh tﬂg%n%ﬁe&l%mdmg gite 1§ derléle()clﬁ%t 91 n? 1ty tqu IFcf’ei ast 30one
or nor el CDRstigw naisttbe dleﬁsm@bh: Uﬂmtg agy owpt @;mmstly@f mﬁgod@fmowgﬁor@mamg antibody

binding to an antigen. Moreover, the antigen binding affinity of each of the antigen binding sites
of a multivalent antibody herein need not be quantitatively the same.
As used herein, the terms "acceptor" and "acceptor antibody" refer to an antibody or
nucleic acid sequence providing or encoding at least 80%, at least 85%, at least 90%, at least 95%,
15  atleast 98%, or 100% of the amino acid sequences of one or more of the framework regions
(FRs). In some embodiments, the term "acceptor” refers to the antibody amino acid or nucleic
acid sequence providing or encoding the constant region(s). In yet another embodiment, the term
"acceptor" refers to the antibody amino acid or nucleic acid sequence providing or encoding one
or more of the framework regions and the constant region(s). In a specific embodiment, the term
20 "acceptor" refers to a human antibody amino acid or nucleic acid sequence that provides or
encodes at least 80%, preferably, at least 85%, at least 90%, at least 95%, at least 98%, or 100%
of the amino acid sequences of one or more of the framework regions. In accordance with this
embodiment, an acceptor may contain at least 1, at least 2, at least 3, least 4, at least 5, or at least
10 amino acid residues that does (do) not occur at one or more specific positions of a human
25  antibody. An acceptor framework region and/or acceptor constant region(s) may be, e.g., derived
or obtained from a germline antibody gene, a mature antibody gene, a functional antibody (e.g.,
antibodies well-known in the art, antibodies in development, or antibodies commercially
available).
As used herein, the term "canonical" residue refers to a residue in a CDR or framework
30  that defines a particular canonical CDR structure as defined by Chothia et al. (J. Mol. Biol., 196:
901-917 (1987); Chothia et al., J. Mol. Biol., 227: 799-817 (1992), both are incorporated herein
by reference). According to Chothia et al., critical portions of the CDRs of many antibodies have
nearly identical peptide backbone confirmations despite great diversity at the level of amino acid
sequence. Each canonical structure specifies primarily a set of peptide backbone torsion angles
35  for a contiguous segment of amino acid residues forming a loop.
As used herein, the terms "donor" and "donor antibody" refer to an antibody providing

one or more CDRs. In a preferred embodiment, the donor antibody is an antibody from a species
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X1- X2 - X3 - X4 - X5 (SEQ ID NO 105), wherein; X1 is S, N, or Db X2 is H
or ' Y; X3iSW X4is M and X5 is Sor H CDR-H2: (SEQ ID NG 106),

wher ei n; WO 2081/02596D, M or T, X2 is |; 5X3 1S S, X4 is YCTNS28p/0Q008/, T, H,
or DD X5iSD, X6iSG X7isS R I, T, G K, H or N 10X8 iS N, Y, S,
I, or T, X9is K M N Q E T, R S, A or L, Xiois Y, D or E Xl1is S
or Y; X112 is A, 15X13 iS D, X114 is 5; X15is V; X16 is K, and X17 is G 20
CDR- H3: 25 @ferldPRork tne a&%o&@-ﬂorﬁ@hlch t?@frame%rk‘reg&s are X&amed)g derw%@ In th&9- X10
(SEQ I D NG 107 wher ej n; X4 is G S,

PR
or A X5 |5°°N£2t52%a ‘*Ena‘il}Z‘%Slran{}iOd&?he t%““ On%"m ﬂé" refers t"Ya n"B ‘“Kﬂn G@ %% D, and X10

is I, S, Orprd)_\i,lc.hﬁgenekfrZrlnere XBRs. X4 - X5 - X6 - X7 - X8 - X9- X10- Xi i (SEQID
NG 108), wher ei ks uggi hler%inﬁhe té%l 'Iflsam'eb‘wé%f;” ocr;;'framework sequence" refers to the remaining

5  sequences of a variable region minus the CDRs. Because the exact definition of a CDR sequence
can be determined by different systems (for example, see above), the meaning of a framework
sequence is subject to correspondingly different interpretations. The six CDRs (CDR-L1, -L2,
and -L3 of light chain and CDR-H1, -H2, and -H3 of heavy chain) also divide the framework
regions on the light chain and the heavy chain into four sub-regions (FR1, FR2, FR3, and FR4) on

10 each chain, in which CDRI1 is positioned between FR1 and FR2, CDR2 between FR2 and FR3,
and CDR3 between FR3 and FR4. Without specifying the particular sub-regions as FR1, FR2,
FR3, or FR4, a framework region, as referred by others, represents the combined FR's within the
variable region of a single, naturally occurring immunoglobulin chain. As used herein, a FR
represents one of the four sub- regions, and FRs represents two or more of the four sub- regions
15  constituting a framework region.
Human heavy chain and light chain acceptor sequences are known in the art. In one

embodiment of the invention the human heavy chain and light chain acceptor sequences are

selected from the sequences described in Table 2 and Table 3.

Table 2. Heavy Chain Acceptor Sequences

SEQ ID Protein region/ Sequence
NO.: Closest
Germline Family
1234567890123456789012345678%012
6 VH2-70/JH6 FR1 EVTLRESGPALVKPTQTLTLTCTFSGESLS
7 VH2-70/JH6 FR2 WIRQPPGKALEWLA
8 VH2-70/JH6 FR3 RLTISKDTSKNQVVLTMTNMDPVDTATYYCAR
9 VH2-70/JH6 FR4 WGQGTTVTVSS
10 VH2-26/JH6 FR1 EVTLKESGPVLVKPTETLTLTCTVSGESLS
7 VH2-26/JH6 FR2 WIRQPPGKALEWLA
11 VH2-26/TH6 FR3 RLTISKDTSKSQVVLTMTNMDPVDTATYYCAR
9 VH2-26/JH6 FR4 WGQGTTVTVSS
12 VH3-72/JH6 FR1 EVOLVESGGGLVQPGGSLRLSCAASGETES
13 VH3-72/TH6 FR2 WVRQAPGKGLEWVG
14 VH3-72/JH6 FR3 RETISRDDSKNSLYLOMNSLKTEDTAVYYCAR
9 VH3-72/JH6 FR4 WGQGTTVTVSS
15 VH3-21/JH6 FR1 EVOLVESGGGLVKPGGSLRLSCAASGETES
16 VH3-21/JH6 FR2 WVRQAPGKGLEWVS
17 VH3-21/JH6 FR3 RETTISRDNAKNSLYLOMNSLRAEDTAVYYCAR
9 VH3-21/JH6 FR4 WGQGTTVTVSS
18 VHI1-69/JH6 FR1 EVOLVOSGAEVKKPGSSVKVSCKASGGTES
19 VHI1-69/JH6 FR2 WVRQAPGOGLEWMG
20 VH1-69/JH6 FR3 RVITITADKSTSTAYMELSSLRSEDTAVYYCAR
9 VHI1-69/JH6 FR4 WGQGTTVTVSS
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X3iSD, X4is K N L Q M E 5 T, G or DD X5isL; X6iS G 5
CDR-L2: 10 and 15CDR-L3: X7 is T, S, N A G or E;, X8is K, Q N, or
R X9 is WO 2Xi1026%4V or |; and Xl is S; Xl- X2 - X3 - RETAISXH 040466 - ( SEQ
I D NO 109), wherein; xi is Q X2is D X3is A G W S, or DD X4is K, M
Q N L, T, I, or EfE X6 is R X6is P, and X7 is 5; Xi- X2 - X3 - X4 - X5 -
X6 - - X8 - X9 (SEQ ID NGO 110), wherein; xi is Q@ X2is Sor A, X3iS W
X4 is D; 20XBSES TR Sprofdn rkions [BeqibheeOl M X6 1S S, G I, N R Jor T X7 is
Dor G X8 i$s No.:-A| P, @[Osé and X% is V. 25Preferably, a DLL4 bi|ndi ng
protein conpfising |orRmAme MHi® GDRs descri bed above binds human (|"hu") DLL4
and al so cynpnodigus vimnkeys (R cy naamigusGAEVeEY PO viDidokas2yAnt i - DUL4
chimeric ant [ bogi esvHI-18/1H6 ARRZTI |nerdgnrantibedy i1s a nol ecule in Which
di fferent poffinNs|afTiREHARRI DO AI@ pderEYEdE T MdDDraenta@nimal
speci es, such as antifaogij86 FRAVI EaE™Maiyabl € 1 egi on derived froma nurine
30rmonocl onal [angsi bOGyHaney fr NUMAN: | JTERegLePRbE A CANSaREGEEgi on.| See e. g.,
Morrison, Scienge, |938va @R 12 T eIk o T 5 s, 4: 214
(1986); G I Fesy@t [qGrya 4o FRATUTO Ry VAR~ F < ORT S Amada A EvoRd - |US Patent
Nos. 5,807, 715L384’ 3 ‘f@HX—?EfWJHiFM 4 vﬁ;’gﬁ;ﬁ‘ﬂ’iﬁvsﬁ"“ ch—are tncorporat d herei n by
reference Inithe SR EES: HEEHaEeRTvbe Gé%i?tﬁv%‘ééglig edfor the
ol ccul e of Baalr o By e R B o omed froma.
hurn.ant body ol 4t Pyl T E o B SRR I ERY L oq
See, for exazfp!‘% PAGHY%QW}LFW%I OO ISV IVREL | Acad.—Sci USA—81:
6851- 6855 (1084 NdGB%FaeRler o EVOLGE 316: TG A GOSCET084) - |Takeda et
al .. 44 | 1GHV4-39 FR2 WIRQAPGKGLEWIG

45 IGHV4-59 FR3 RVTISVDTSKNQFYLKLSSVRAEDTAVYYCAR

46 | IGHV4-59/THFR4 | WGQGTLVTVSS

47 | IGHV5-51 FR1 EVQLVQSGTEVKKPGESLKISCKVSGGSIS

48 | IGHV5-51 FR2 WIRQMPGKGLEWIG

49 | IGHV5-51 FR3 QVTISVDTSFNTFFLOWSSLKASDTAMYYCAR

50 | IGHVS-51/JHFR4 | WGQGTMVTVSS

51 IGHV2-70 FR1 EVTLRESGPALVKPTQTLTLTCTVSGGSIS

52 | IGHV2-70 FR2 WIRQPPGKGLEWIG

53 IGHV2-70 FR3 RVTISVDTSKNQFVLTMTNMDPVDTATYYCAR

54 | IGHV2-70/JH FR4 | WGQGTTVTVSS

55 IGHV3-15 FR1 EVQLLESGGGLVKSGGSLRLSCAASGFTFR

56 | IGHV3-15 FR2 WVRQAPGKGLEWVA

57 | IGHV3-15 FR3 RETISRDNSKNTLYLQLNSLRAEDTAVYYCAK

58 | IGHV3-15/JHFR4 | WGQGTMVTVSS

59 | IGHV3-43 FR1 EVQLVESGGGVVQPGGSLRLSCAASGFTFG

60 | IGHV3-43 FR2 WVRQAPGKGLEWVA

61 IGHV3-43 FR3 RETISRDNSKNTLYLQLNSLRAEDTAVYYCAK

62 | IGHV3-43/JH FR4 | WGQGTMVTVSS

Table 3. Light Chain Acceptor Sequences
SEQ ID Protein region/ Seqguence
NO.: Closest
Germline Family
12345678901234567890123456789012

23 B3/JK4 FR1 DIVMTQSPDSLAVSLGERATINC

24 | B3/JK4 FR2 WYQQKPGQPPKLLIY

25 B3/JK4 FR3 GVPDRFSGSGSGTDFTLTISSLOAEDVAVYYC

26 | B3/JK4 FR4 FGGGTKVEIKR

27 | L2/JK4 FR1 EIVMTQSPATLSVSPGERATLSC

28 | L2/JK4 FR2 WYQQKPGQAPRLLIY

29 | L2/JK4 FR3 GIPARFSGSGSGTEFTLTISSLOSEDFAVYYC

26 | L2/JK4 FR4 FGGGTKVEIKR

30 | L15/JK4 FR1 DIOMTQSPSSLSASVGDRVTITC
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10di nensi onal i mmunogl obulin nodels are conmmonly avail able and are famliar
to those skilled in the art. Conputer prograns are avail able which

i Il ustratwoand/adsspl ay probabl e t hree-di nensi onal conf oPeRLSMAI04BD6 uCt ur es
of sel ected candi date i nmunogl obulin sequences. |nspection of these

di splays permits analysis of the likely role of the residues in the
functioning of the candidate immnoglobulin sequence, i.e., the analysis of

resi dues tk@&cessmﬁak ua@eﬁgeﬁa@ r@Ridgbhnt 8l rﬂul&ﬁorpﬁﬂ&gﬁl@to% oftdpadRPgl obulin to
bind its anti FR resi dues can

fromthe co H%%P?u%lhdsqe W%apér@ﬁlfen ARy - %%éeﬁggbﬁ)éa&ggtfggtd);ned

characterithdmkmmehﬂaamdm@nmaseﬂlamélnBa@mﬂQrOhh@%mamgmhg@mﬁwgeﬂ@s) IS
achi eved. | gBR antially
i nvol ved |an%§P%é%%?%bD§%’ th %%w%gﬁﬁ?hb%ﬁ&égmggﬁt ﬁ%ﬁ%ﬁ%éd usi ng
a variety ofeneserhmirgliely tll’@nmmrq amtﬂIOIdleg@PSttO CANEREYE ea@ntbimmlﬁmmdl seqrierced to t hose
descri bed i @uJd@RESaBlierlic of idBNALIY mEhe sgge;es h@l%gie'észl@el(y%ﬁéoo Yaunhogwen et al.
Sci ence, 239: 1534- 1536 (1988) Si s et al., 1 Inmunol. 51: 2296-2308
(1993);  ChoPHiZa s whasyeed Rgppelipgaldy in thaysgericsgny- 917 (1987), Carter et al .,
Proc. Natl. AcadisuS@iherctdShe teﬁ9"key4ﬁ85:e’4%3:& 14 afﬁ)tgﬂ)‘esﬂﬁ’é’s@ﬁﬂhﬁi tl&tvaﬁa{ble,region

| munol ., 2623-.263 r

28 ( 4/ 5) 4 8 %E@ § n‘toiedglﬁcgoné%eg}anc?n}’gksgecqic%y iindjl(z)r éﬁmEyMP an ngofd n art1cu91r 37 ( 6)

805- 8141Q 199uipnizReyiboioa. A bty raldus nfipdse buiNandt limigidd OHQUITHOTGU@]@@ f<911>W9169 973

25( 1994) PaQIsuPlfé lﬁla{ & Q(I 210919 td\(péDR %Qot%&(ap%%@%nlatlmng (,/ag ﬁgétﬂer(l\!pgé U598/ 16280)

WO 97/ 20032 ( PCT/ U596 6/18 1/ 09630) V\D 92/ 03461

( PCT/ U591/ o%%watlow%ara@gzﬁ@e ee@wgwlwﬁmmwt@m eﬂeew residue

( PCT/ GB91/ Ockjadst)os indRAcO ABATIDR| E’EEEA@Q&A@&]&&}MctMQ@é Heﬂv%ﬁheavw&%l4424 and
W90/ 14430; E ropean quglcat 0 g 59%f%%$€: @h and EP O
239 400; US*PATERTNGE e Cl?saé’SVaﬁ ée re%"“?ﬁf-?“ I3, “§‘§2“’“e36”‘ Rerern™p

r ef er ent®, mﬂmbmdéd0Mehmﬂewcegh@CMﬁdumﬁwmeuﬁaVQMEbmdUEﬂmmmBﬁl%MMmbodles
and antlboq%%ggggg&thmgek{mk%nﬁﬁnﬂgﬁg&ﬁgabIy, anti-DLL4 antibodies of the
present invention exhibit hi'gh capacity to 35reduce or to neutralize
tumor angi ogene§5§seééﬁrﬁvi 'tV)?mleé gne reigs lpis s drapyahipsidite hefmaédietal in

vitro and i@ kMOuASE@NE-tKROWTit idnlifte a@de&@nb&t@lmat: hﬂag\xzﬁﬂaeunzewz;lazi i zation of

activity of sessed via seve n vivo assays
now 1 ¢ ne At Bl SR B et i TSR eadeling MR R el of D La
activi t 30 i noltedepctiveds GPRs andthe hffinityt o chetupjbodynt | bodi es that inhibit DLL4
interaction wt gnal with an
G50 val ues. of  abon el P Rl kPl JRl:Rl g RIRMLAG REGRURG B
Preferably, anagﬁlmdlmmndazmnrcb@e fregfiestly binds theragidgenit Injan vebﬂdir@ﬁt ﬁlP @@trels@ﬂgbu t a

hi gh capaci $iyid. (%Cbr&é’n?ghkﬁ%n BHfti gbrOre IR BlologRallabiflit@ 6 dt Ydadt Wbout 20%, 40%,1 N
preferred enbodiments, the isolated antibody, or antigen-binding portion
thereof , bi W SWerdar BUCE: wherein t he anti body, or antigen-binding portion
thereofzsdlssocnateenﬂmmﬁwhmmansDhbﬁammﬂhmamﬁmﬁmgqamem@@ﬁﬁnaMMnof about
0.1s-1 or i ned sur.f o] onan .-whi ch

i bt DL of TG B AR R AR R RO B R e, “To. om
10or | ess. aﬁtﬂ/pet&m@mim}emypot@meom@nt@e@ym@@ntahpldﬁtamty@dy whaselbingngoor t i on

t her eof, "ﬂﬁnﬁm%%ﬁﬁbﬁkﬁmﬁ IO IRG HBEES, o\ &ﬂmﬂmﬁﬁﬂ&qﬁ@%%d&gﬂﬁh%&h,Of about
1 x 10- 25 lor less deferm ned by surface plasnon resonance, or nay

inhibit hu nlﬁ??ptﬂ'ﬁ_ﬂfﬁ“&r?éﬁ%?r PR EGT Of)l'_eEfZPt"aé‘t“W'ﬂl}}"W UEAD Neich BB R BUt 1 x
10-7 Mar |gisslatid df efdod@tliavell yroliteRodin tichiehylial @il spidutaigtassggen- bi ndi ng portion
t hereof, may dissoci at, nstant of about
1 x 10- 3s 1 or ﬁés%nn‘?H%mt%gﬁ#%gﬁp@%%?“%ﬁ??g%gm’+MS 1wﬂ%§m§ance or may
i nhi bit hunemuBbgdlobuly ¢rA-calhreb @S0 lofeergboutbodimznts] Epi®M dsterrhiganss.incAidt er nat i vel y,

the anti bodéﬁeml@;ﬁly%@tlv@%fa%o@ln@%f%le@ﬁgs s'u&’iras 5191‘?15 gc@dfy su%ﬁyldg&h%%)c' ate from
hunan DLL4 rate constant of about or less, as

det er m ned Hﬁ*QSPé%WLF %réélfoavlaeﬁdﬁ 0%@@@3%@%%@%%@ sprsmﬁ%brtee PE%oREt  vity with
an | C5030f @bauthl charXetcOiOMn@6r sh@EB chadelcQirddikite! Xn cith® iddiekibOshin Or an

ant i gen-bi ndi.n i on, t her eof di ssoci ate from. human 20DL 4 with a
ot { °rate cOHETARTN byl potivn. B uer TBE SRS of EOTMARAFBE B eur f ace
pl asnon r esegiandey amigenmaryfragmbit ieteo Dkdodnamnighdio tﬂwmawieranaz%f stetitiety with an

| C50 of about 1 x 10-19Mor less. Alternatively, the antibody, or an

anti gen-bindi ng portion thereof, nmay dissociate fromhuman DLL4 with a Koff
rate constant of about 1 x 10-5s-1lor |ess, as determ ned by surface plasnon
resonance, or may inhibit DLL4 and/or human DLL4 activity with an | C50 of
about 1 x 2510-11Mor less. In certain enbodi nents, the anti body conprises
a heavy chain constant region, such as an 1gd@, 1g&, 19g&3, 1g&A, 1gA IgE
IgM or 1gD constant region. Preferably, the heavy chaln const ant reglon |s

T e o T



agent, a pharmaceutical agent, and/or a protein or peptide that can nediate
associ ate of the 15anti body or antibody portion with another nolecule (such
as a strepoaviidizwesore region or a polyhistidine tag). PCT/US20i98#10D6
detectabl e agents with which an anti body or antibody portion of the
invention may be derivatized include fluorescent conpounds. Exenplary
fluorescent detectable agents include fluorescein, fluorescein

i sot hi ocyangt&sic vidaad e ,AnihﬁléeﬁeiJﬁM%(eﬁmﬁ@@ﬁenlcahB@fMim&@ﬂﬁﬁbﬂefe ipE.
20ch|oride“gﬁhycoer thrin and th? i ke. An antLbQQy may al so_be ggrivatized
with detect Hfd 1%‘?1’2%%@,"@%‘??5 gdeg il P B NG pREE R SR PR Bles R 4R ORdY

per oxi dase, mgtaukbdses oxpaas ef @ndigehaolkdukend Wegrnggen antetbodyy Hage dertivv,at | zed
with a det es%;tle?at?,lo m Z% es. Il\;Ioré R l‘dl? [s% ﬁﬁe?sgoog) Xy %gs%}l&gﬂlg(gﬁjllt tié ;%E%Jtt tv&coeagent s that
the enzyne uses to pr Ce a detectanl e reaction product. For exanple, when
t he det eTt abdependgpelmtisolisd awibedids shangetigsy indlesde hay hyrdasbnsametcpiwpaeidi thoon of

hydr ogen pegigxifeidnd oL dhatnahenzi dine | eads to a colored reaction
product, which is detectable. An antiboq%@nay,also be derivatized with

bi otin, and deté%f%%mFﬁW%ﬁmﬁWW?MWW@GXS GW@ﬁ%ﬂ@bH@a%WW&Fﬁwﬁ?“streptavidin
bi ndi ng. recogniAR @f Akt afige di dembleohixtiieofipveitahdst nprombdess asatbystal | 1 zed
DLL4 bindin e i»Ql{dQ(t) iinrzl'to fﬁl’ gaf eereaipol X"’iftlilpgnti- (;]d\ll%@rtoiss(—)cnmr&l 01[165e5r Vtel’(ljtbﬁ‘lr §1§1 igl gr of DLL4
bi ndi ng protelns escr i bed heréin, i nc uJing FOWho! € ant' - DLL4 "ant i bodi es,
fragment® thebofg effag ofwbé dthas Iamiditbodiyucton defmiionsofampbi(endilapgingr ot ei n

conj ugat es hine!iucig «_M AN, GORhUBARN 8ShitRSs £ th B8R OGKEL ey aNd
formul ati ons and nposi tions conprising such crystals. |In one ‘enbodi nent,

co 1 C oL
t he cryst al PFPEESSHITHEH PG @idfukinaldmyduladipns coppgtifion) paaanetess. vi vo t han t he
sol ubl e count er paé ter®fsuttdre pdnid ir@RGnapeeOta bddd hdréin, astat hen opiedindRidont he
bi ndi ng protein retains biological . actiuwvit fter crystall]izati.on.
& vat ol P bRt tdRbtrs PR SR Rk i B b R B s bBBbER " nccor di ng
nethodslkngmmdhnnmhmmam$wamgaasmdbsmmnsédehmmR@ﬁnEWthnamtamﬁﬁb._WD
02/ 72636, ' (@?nggqﬁt%ﬁgnﬁ 8REL e lilﬁéflﬂ{hga.free&%?%‘%i: [rJ]ppsala, Swed.oe‘ﬁl Qﬁdnggcatmoﬁéwne nt of

the invention provides a gfycosyl ated d protein wherein the antibody
or anti gen-¥istaPhy feoltthoaestringpisore Bowpt it sbglno ol gl d9-8arB&hydr at e
residues. NasG&N: all BioXdeMyups, ot:%%zm@or(oﬁmtdh@ga?mm., Hm.rléll@?gtziﬂg: _fw-llsl

processi ng, own ost-transl ational tion. In particular, sugar
(gl ycosyl) Qé%?ﬂﬁb@ﬁﬁgVﬁ %»éﬁﬁ%ﬂ”%ﬂ%ﬂﬁ%@gggﬁﬁyﬁ?h process 5known as

gl ycosy?@ti on. Theterne S t.iangpephantig iisistetbledwirefe tebw el @ietcbnstahti forkegdciation

ol i gosacchari de side chains are known as gl ycosyl ated proteins or

gl ycopr ot ei ‘?f§.%m§’ﬂ”‘%¥’r8ieﬁ (@%fél&g‘ﬂhoﬁ)it‘bﬂwcoé%equ}ﬁér &rg"ta‘ﬁ @”‘“&WSW&"%*} Ygquence of
t he prot ei maafericsphet gsther (a8, avebddy/asigth) eoridsdas Gahdwi in thafatt.Chhet"Rg, "pIsotsei N i S
expressed. Different organi sns may @rqdupe"different gl ycosyl at i on enzynes
(e.g., glycHsyr by ARy Gse&ighdcgPyetsictdees) iscHpigrebagatiurtiar Bt

substrates (RUGRAMIHR bIMGRLSR) oraY Hib@hSits tér?@éﬁi gbiPor SHGhe SAGHLAES, protein
gl ycosyl ation pattern, and conposition of g gcosyl residues, may differ

dependi Ay ofimieHen Reyecen aatiRody 1 ajfger psa inghopapyY the Efuaonprotei n is” expressed.

A ycosyl residues useful ismnthbb® (iAvrenhhipen Ay -nabude, but are not limted

to, glucose, galactos naenno fucose, n-acetylglucosan ne and sialic

hor o Brof or abi v T KET rojegeyranken Ay MRGr i e R e C oy

[ﬁSi duei_ isluﬁsgomia% (F]ftahﬁadtg@myh : (lcel.g.t, %rpamimy)tf%{kh@,s.gbmml y/ai’l,@teg cdnfpldkROWN t |Ot _
ose skilled in the . iffering protein glycosylation may result in

i1 oring PrOvBICHal B et il B ovrst e REPanka i e eeg B o

t her apeyt i CusRf iBleRhdAeRHIY LGB AThiflvaRue MdEh RO IR SMOR QS of a8 MEBo R Srodhg@st , and

glycosylated utilizing the yeast endogenous pathway npy be reduced conpared
to that of 'fEg a%%%ﬁ%"rﬁg%faé%‘yfé@ﬁ?ge@%]dx PV B f‘%lﬁ%élf‘ff antighehsgeM a  CHO
cell line. tSubdeqadtiyeqvot ei ns may al so be i munogenic i n humans and show

reduced half-life in 20vivo after ,admnisgration. Specific receptors in
humans and ot her ani mal s may recognizé;speci%ic gl ycosyl residues and
pronote the rapid clearance of the protein fromthe bl oodstream O her
adver sezef f ect s BMhNCh MGG DRRGESon BnsREO bk, f Qe RercHaetH hebdir , _
susceptibility to proteases, trafficking, transport, conpartnentalization,
secreti on, recodrivtivorbtdned ot Hertiprioearasnot efudbtionr baditifigeteci ty, or
allergenicity. Accordingly, a practitioner may prefer a therapeutic protein
with a 25specific conposition and pattéZn of glycosylation, for exanple

gl ycosyl ation conposition and pattern identical, or at |least simlar, to
that produced in human cells or in the species-specific cells of the

i nt ended subj ect ani nal. Expressing gl ycosyl ated proteins different
fromthat of a host cell may be achieved by genetically nodifying the host
cell to express heterol ogous glycosylation enzynes. Using 30t echni ques
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t hereby detect human DLL4 and/or nurine DLL4 in the sanple. A DLL4 binding
protein 15described herein can be directly or indirectly labeled with a
det ect ablwo=0higaswse to facilitate detection of the boumdTars2unbbewne DLL4A
bi ndi ng protein. Suitable detectable substances include various enzynes,
prosthetic groups, fluorescent materials, |umnescent materials and

radi oactive materials. Exanples of suitable enzynes include horseradi sh
per oxi dase, ¢i@habh AR BResSAR ?}& by €he agsgmatgﬁ!tﬁecaoﬁs‘-ﬁdndﬁ%ﬁ) TA¢ association rate

acetyl chol i nesterase; exanples of suitable prosthetic group conplexes

i ncl ude 20stonsgst: AwidghosiBingtte ponsinve. a4 the equilibiiom idissocietiarepisest agf usedipt abl e

f1 uor escent rcpyBRliledirdink BEInIAAS b BRBL Y16 BT BB, MetOIES T Minifd MQLEGEE N

i sot hi ocyanate, rhodamne, dichlorotriazinylamne fluoresceln, dansyl

chl ori de” or®f H&?@&é?%?t“ﬁ? f"ﬁsmnésr?ree‘%%]r}‘ﬁ?‘@ Bheg™y [fipnlossspcehard i iidtne udes s,
| um nol ;5 artdfeemagmtreﬁv@tansmbhtamw) d’xﬁd]lnélﬂﬁip]eyﬁ pmtoerglcallbuffmttu@teh@lhm 14C, 35,
o0y, 99T, SR AR ATk d Sl oy AR 2oL oL ol sompl s
perspirati o(hlomglamlay avteragtien anglyyat) as(se/tveeke us¢dgp: guestmtrhnt@aetﬂ)able freig Bhedoreswab,

rect al S‘Nabtmeﬁl%dﬁﬂA§%@ Heglﬁ{cH@Lonﬁ)%}ﬂ’Qﬁpsaﬁ 'S%%&E@% bAcB%b[ally aﬁ(l}{ﬁ&@ as any
ot her tissue sanple that can be gbtai ned ods available in the art.

by
Al ter nat i velXistis BxBriphgsstHasshi idil4y Hoteeidine InfHam b L4k 58 48 8ayed in
bi ol ogi cal I&f | ui ds by a conpetition i munoassay utilizing reconbi nant
human (rh) DLL4, mnth a de ctabl e Su stance and an
unl abel ed DLL4 bts“%bgpn ﬁ%@g‘?& JEM pRYhE a% ﬁ’? Sﬁect mdmégmer t”ﬁﬁ
bi ol ogi cal @&m@ﬁ@%ﬁ@heumamebemdbh@tmmb@Wamdaod@&ﬂamdmumebﬁmﬁﬂnbmhdsng
protei n_ar & GamRinp sanfhit tt@h%qmtooc@fant%%t@g deDkhs 8L QAL fgund to the

unl abel ed bi n ng proteinis rm ned anount humman DLL4 in the

bi ol ogi cal @ﬁﬁ%&lesg - [ABIbPNAS PRSIt SHlpRefrd it TRisH] o 50 dttwebtgéa&ﬁletmﬂheftht sl ed
thLL|4 s gn%@e@d tbmaugq)rctt%n'tallaese@héxlétn béfaﬁléorhg)rcp&mvet mab&nmrb@tttcythat brnag DLL4
can al sO Dbe. a 1N ol.ogl ca | dS noassay
TR = L o R LR e TR R S

unl abel ed Dhdt4anfyiraiitlecrngsignaloaeis detched by hwakl trenselunental neanblelgd ifsbmaiking opr ot ei ns
of the inventi. I ty, in
art 1 cul ar P P eREEAED A0 b Bl OGRS UR A LA BE Yo

bi ndi ng 5prbytaetlaﬁ1sdetldlpk?§ |aﬁ?/e¢m Prc?rﬁtrerawcteewa@e@gtaélutr?ﬁhtnbtntrkepwwnpv| ty,

e.0., i a Lelily ik Bt Qt&RObAbINcAr dhokithetrit ﬁletawmmxsﬁms&ﬁtasets RF in other
manmal i an su j ects expressi ng a bi ndi ng &%e|n3of t he

i nvention cROSLNfEAu{Ue, tr‘?reolt‘?éhre‘%é‘df%ﬂ@‘mﬁﬁe ?1WH%‘F6‘"’14105?08 % 5 met hod
for |nh|b|ﬂﬂn@sEthTadtmetfﬁcﬁhprﬁﬁmegﬂésmiambmmgnﬁﬂﬁhﬁémwm&h(agELL4

anti body or tibody port of t nvent i ch t hat Aaetivity is
i bt e oc iR Re BB MR b MG HERMARHED Rl BE g o

cont ai ni ng IDtiferse, elhahamhomtyseblcheatﬂvmbww pekers;drotiafl gtohes; pradeeenningn can be
added tgst %l}%bﬂnﬁyép@toﬂ@%@m&cpoy a@EUopdatfy 1%6% @s! Feyérk)élpbei fpglhﬁqtfe%e% ure.

I n anot her enbodi nent, i nvention_ provides a nethod reduci ng DLL4
activity i nb“%ih%gdﬁ‘fséf?ftsec"%‘tﬁ‘@’a?ﬁtﬁé’&é% H@Pybltqll@rﬁoﬁlal% Blfdeﬁétt"% tigterf Hge*HEom a

di sease or gtBOndREs gaﬂk)HMﬂlhﬁblﬁelE%sL ke@éseﬁhﬂy@ caleVbitiybels Sortlednly dimpntyad for The

| nvent i on pr Qn\tlllnoassa S 1nctlurgle mo ¢ 1esrt}8£ 10 u%é llt] %)I'Lélcrlg 1u%‘c|(')rlr11 (;ll-,l?l sC;tmIdVIOtle¥ es tﬂat
subj ect suf' ering Yroms h gea r “di $or der et hod conpri ses
adntn|ster|m@hwwﬁmhemgwbpedmmawﬁnL@mbﬂﬁdbmgkpmuheﬂna@ﬁﬂkhebuﬁventHmn such
t hat DLM Othig gg!rrﬁ tﬁecth&éﬂl ttéélf 'rrﬁ%l B(Q%e éé‘tlé‘&a%tlabbﬁd lgu?ﬁit%pl%goméo cfe%&%l@*@oﬁ( t Ee DLL4

is human DLL4, "and the subject is a human subjec Al ternatively,

subj ect carffe*lfé"faWWe}ﬁhaélPth‘éfme@s Jisp gt "detestaply 1tbéle@\m eﬁn%td m@ao%aﬁdtedﬁt%r otein
of the |nve@@hﬁamhﬁm@amab@e of blndlng Still further, the subj ect can be a
mammal 20i nto as een tro uce inistration of
DLL4 or by exp\rMe[l Shan- aStlb" SRk e ﬁréa)enéljdmg,&%’?% f‘tcB%%/a 8ol her DLL4

bi ndi ng promemmﬂbﬂmhhenawmeﬂthmmmbammhewadmumm$MQn@®CWomachmmaﬁhsubject for
t herapeyd i ¢, ége%@‘s’sused‘ﬂ&e Qé{§£note§c£8|n1m% i rf?i&t‘a}e%%he& caltc&% \Aﬁ!ﬁé{ th' 0“ can

be adm nistere non- hurman manma es5|n

bi ndi ng pr oti@pgical Bacgepeishle opin Wirprdmpdy ﬁfoatblq}wetm%ew Bﬁ%ﬁé@é&e or as an

ani mal nodel of human 25di sease. Regarding the latter, such aninmal nbdels
may be useful for evaluating the therapeutic efficacy of antibodies and

ot her DLL4 binding proteins of the invéaAtion (e.g., testing of dosages and
time courses of admnistration). As used herein, the term"a disorder in
whi ch DLL4 and/or Notch signaling activity is detrinental” is intended to
i ncl ude di seases, such as cancer, and other disorders in which the
30presence of DLL4 and/or Notch signaling activity in a subject suffering
frontthe dlsorder has been shomn to be or |s suspected of belng e|ther

o r Ly B Y oy



15t he prophylactic or therapeutic agents known to be useful for or having
been or currently being used in the prevention, treatnent, managenent, or
anel i or atworronfo2aedi sor der, such as cancer or a tunor, @®CTAISR010/04T006 €
synptons thereof In accordance with these enbodi nents, the conposition may
further conprise of a carrier, diluent, or excipient. The binding proteins
of the invention can be incorporated into pharnaceutical 20conpositions

sui tabl e f oferdfdiicth Sidiadtid 2Bnid iQcleSBHPArE &t 1imtdcRb, G} dsHs to;qh 8axdl ayismagu i cal

conposition r.ses a ndi n rotern DLL4 ndj n ortlon
tth eof) ofB tf‘%hagP %Bn"tﬂ?@ﬁmh%“ %E‘E‘éfﬁ’fcinc%léﬂ"f} %F&@jﬁfl%l“&crgﬁ‘&rl er.

used here|gpmmphar@mmemZMGﬂkﬂym?dnm@tmhheﬂ@abtymmmaanmmhudmemamyward aIIt
sol vent s, o) | [ n ngal agents,
i sotonic an.1 Eﬂé’or %P%%W i §§%8&£g§%¥%ﬂé ?%&mﬁ&&?ﬁg%@%%@w&mLH ) )
physioldbidakﬁvwaﬁﬂﬁambbh@umzaﬁwamphe§%§ﬁrbﬁ@%ﬁﬁ@eﬁﬁicalIy accept abl e
carriers 'nClqumgﬂﬁmpbyﬁﬂrﬁﬂO&yM@ﬁﬁ@%mﬁﬁhh&ﬁnrﬁﬂQ§Pﬁﬁhﬁ%QM&BQHEQnsal'ne
dextrose, glycerol, ethanol and the |ik as conbi nati ons thereof.

I n many cas"él body}, ongntigen pigd ipg Ry isreat. that Sxies ide o Blragista! - geyfisare qugy
exanpl e, s u@ﬁﬂr &, thepolidysadt cahatts, Whihs dsintEm diet forrﬁsa;lu&n o @le amOHh @Ol M
]? B ll’ ?rhle?ec IO n tatte or thcecl)lq 8%1!y§talpne s%al[:) h %%gynpf: %rl'étcorgl?(‘)sedyof Beélt%a e eall%%ﬁee dlmensqntn?% g or
enmul si f ngar@ﬂsalj etmns 10np>rn®é®ulvsat Bversteios Sub1u¢Sfaemb9dlesMnr mhleeﬂm angedbliche.gshel f

life or ef fa@ﬁéén)éﬁt'fb%&ﬁco%ﬁole&é@%n%ﬁ l%glgyntlg&’l c@l’ﬂfnl’e;&@)dyfh&g{h}ée(aﬂnené(@fala@llal delivery
systens are known and can be USG to adm nister one or nore DLL4 |nd| ng

prot ei ns of ¢ HENEH YR8 P BrcifirthenatrgeiamiRsfthapie Vel ieriaobn HyifRly:

protei ns of THeMghdhs@NEdips ballItﬁinga)ld@k QRInY k@edtddan agem 1s%11euhera@m&ﬂcmnagent
useful for Rr et\{ent Lpg,. mana r‘;[gﬁ reat i NG, .f 350 | i.or at 8, di sorder or
one or nor e @YHSE SHE ¢ HaPagsun MJ?ME%QUClﬁg %ﬁﬁbﬁ%n ary
encapsulati @Ystaillogrfmhp@srmnes prqnd@srtbq:)'amtt pall' efsthe WS@ﬁ dﬁags]uh eShe yn@cdhtyi nant
cells Capablje%ﬂagtrarﬁ?ﬁ{%ngﬁﬁhl%eécﬂﬁem@oﬁs‘br&lﬂggﬁ?a’yé’t)aﬁOge%l@i dLHept or - medi at ed
endocytosi s (see, e. 262:  4429- 4432 (1987)),
const ruct i oy#gllizt lg} : ; ppreaghyi2pggd., gPucpihae Girget or

etc. Methodgs. p(foXaﬁldemagl@me@sgNav %apbyb)a&aﬂna 1015ag&she1r6apeutl c agent of the
invention inclu reln%llm ed to, " nt er al ad nlstrtgtlon(eg,
intradermal , int 8%%039 YReleofidg msans p pRIYRES rmo PYoL BRI G4° %?Hﬂies’s‘iﬁ Zut aneous)
epi dur ak0 adihomicgbtidet dralagxytivinnddotites vad m@chﬂfrndmrsltolf aithieompe of ngkleotieo §bd term

Sadmi ni strafi,0n, (84 hdd&ﬂ%s@ﬂ%&ﬁ%mﬁ%ﬁDﬁkal routes). In addition, pulnonary
adm ni stration ca use of an inhaler or nebulizer,
and formul ati on T tehmn 2 Wlaa@rpe]sf@wiez‘im Sha@emnapsbeucleeﬂc@ (¢.g 195 epatEntPDMNos .

6, 019, 968; &s%&nc R ox@o@@&n%@%ﬁon»ﬁh&é%ﬁ thag %gmﬁe &M ¢he51s&§é1 913;

5, 290, 540; and ), 078; and PCT Publication % %1‘\%‘

97/ 32572, \ROMEY %’E % no\Ap50gied 13! o3 RerUgRy Q@?’]@%‘@B@l ° e WhER hanFeHed s

i ncor pozat q@lﬂﬂem@)ndb" Woﬂnéflrﬁt’(a&llf’ﬂ;& oﬂx@wmamecemh ipslgiucieside lhat i0iR eotéintradi irent , a

DLL4 bi ndi ng, ot t he i nvent on, conbi nation therapy, or a
oes no OCC T.111 nature as alar er se €Nnce
conposition o “the imvention 1s mnis using Al kernmes AIR(r)

pul monary drug dékieyeivgctprddhinighdsd o réfﬁntkerlmﬂsc acidmesleculCeanitrl¢ efdpensporting

Massachuset fi§merdRieic 4l B wiRE S mslbgenqm@ad Uﬁ@%e ofRIE&d?hsyal @fagrﬁlg" Qhick ReLapeutic
agents of the jnvention are adn nistered intranuscul arly, |ntravenously

i nt r at unor aP PyTeuBF Qupl strandgd AR g ip whish |a%?Pa?1>PN%§ege%Sdeabﬁ i y. The
15pr ophyd aCAIidfheﬂﬂypd diescai Stvirel Va@ﬁml&rd’lfﬁe}ddﬂﬂ&naadm Régadets ey lbbyhgatﬁdhntbﬂllibve ni ent

r O.Ut N f or \gl?é. ome l%[rtalr? ile% olrs%pe cg rabfg ok au onom u%(%et ?108.‘[1()1’1 1n¥hosli? i l?lgh tglp}r ough
epi thelial or ficocut aneous 14 ni [ a, rec arah

i ntestinal awobs@sedét. . Yactemdvarmys hben@?cmrptnm@mmned r@d}gaelt)m@ld epwbctial ot her

bi ol 09' cal lMan%ﬁth'aN@ec@ﬂf%tﬁer V&QHQ (@' SLJ aeﬁals&ﬂal %Bm%n%yé&gﬁrpoe%teéré?&lal In a
speci fic enbodi nent desirable to adm nister 'the prophylactic or
20t her apeut e tsgahoms ops h‘{s‘lfé” Pweﬁwﬂ%?ﬁoq igedicthgstedl pqdheggbp areraplisisdd of

treat megd ; didrgSvitABY hoe c@cib. evadovlay cenfaarve@aeaﬁpb@ablca&‘dumﬁg tbé’ex‘_yﬁ@ymdﬂfof

Ilnltatlon | ocal usi on, or by_.nmeans of ap i ant, said
ol ant ber HBS0 D BE SR HST S Pt B e S nd R Anes. and
matri ces, suplssas vaiad"astsinplyrinpreane ssetopd). ymemeal, Explrrsgus et ofiucbs i e. g.
TissuelO), or collagen matrices. In one enbodi nent, an effective anmount of
one or nore DLL4 binding proteins of tké 25i nvention antagonists is

adm nistered locally to the affected area to a subject to prevent, treat,
manage, and/or aneliorate a disorder or a synptomthereof |In another

enbodi ment, an effective anmount of one or nore DLL4 binding proteins of the
invention is admnistered locally to the affected area in conbination with
an effectlve anDunt of one or nore theraples (e g., one or nore

= o . oy D L Y M



"M croencapsul ati on of Reconbi nant Humani zed Monocl onal Anti body for Local
Delivery," Proceed. Intl. Synp. Control Rel. Bioact. Hater.: 24: 759-760
(1997), esohlouofo2sdsisch i s incorporated herein by referen®eTius2a10miT1006
entireties. In a specific enbodi nent, where the conposition of the
invention is a nucleic acid 30encodi ng a prophylactic or therapeutic agent,
the nucleic acid can be admnistered in vivo to pronote expression of its

encoded pr %ttmbaqgttlmAqechtlaﬁers aReutd i6 1RIGALS plRYGONShE MedhtREkcirtatds part of an
appropriate, nucl ei ¢, aci d Bresglon vector and administering it s that it

becones i nt PEYBI Bitareciop H&y eEhgreally ety BT RrdrBrmeRE M

Pat ent No. ﬁn@ﬁﬁ@@&ﬁﬁpwmmrb&nﬂmﬁﬁmﬁ1Mﬂﬁeﬂbnmmde@ﬂuﬂ%rﬂ@@s@%mﬂ%ﬁﬁﬂpart|Cle
bonbar dn’entveét%? Queh 2 v ctogsLtn %bl%atlo%tdet% tlvg)'féprqu}uge’s aﬁgno%g.gés angad.V\{!l th 1ipids
or cell- 35surface recep Ors BF Pransfectn agent’s, adm ni Istering it
in li nkaige Pseyciatehprmseh osich e egeptléndemeitainse tRNAsveksmm Vt@oréhtCétdlng R&Anucl eus

(see, Vlrlp\}ebt@ﬁs) Iﬁéy ab find B thhe iMedtion. Acad. Sci. USA, 88: 1864-1868
(1991)) AIternatlve a nucleic acid can be introduced intracellularly
and |ncorporatedmﬁFFﬁﬂﬁmﬁ@%Pm%%P?&T%W?W%ﬂ”%%ﬁ%@?@@dﬁ”ﬁ?pﬁﬁﬁﬁ¢ﬁﬁ@ﬂ%
reconblnat|@amaAmﬁhﬁmmnﬁﬁmmmgmhnmampaanhﬂﬁmuﬂﬁdﬁhﬁmmmval@mﬁnmmﬁmkornulated
to be conpatib its . ntended admni strati np es of
routes of ad er?tb?ysl\tll\ékec{] |t°oanc°fllﬁ%feﬂcf e’ ° 1%{1%319 A SUCh atwaglthat ived l(tn s &3 ar@ﬁt eral
(e.g., imtrﬁwem@mgthwﬂvmhd@m@®mﬁcgm%@@twﬁb@ugmﬂdmawmw%nt®mmﬁbdmk¢%.g.,

i nhal ati on) seqtfeﬁc%pﬁggc[e@ﬂres@ﬁn g)ntroltsgﬁbrfc@g t)lat alre @rﬁ‘@ﬁ@dggﬁﬁl gen@&qntgr@s@t al

adm nistration. In peci fic enbodi nent he conF05|t|on is fornulated in
accor dance SH#¥tiop 6%%%%\5?06%%&%@% ig- Bﬁaé‘fdr?ééétf cjeplucleis ApbEPIEs U adapt ed

for intr aVEtﬁﬁthSg,eneSdflﬁﬁdﬂésﬁ.ﬁlﬁ%lﬂSas eipfﬁsﬁ@%ﬁiﬁﬂbe@ﬁe,nc@ﬂﬁ{ are lotdidd@an@sadme or topi cal

adm nistration to i ns"for lntra nous 10
adntnlstratﬂ%lwa?%mgg? ﬁmmgg O?E %me q$g§é%ﬁeous“8ﬁﬁf e her e
necessaty, Stemn@bwps@llhteltemnefmy) ralyseldotid] serptences wwodhuld depeaiango efferthe and a

| ocal anest J}Slreésﬁ)n %ﬁ@?oc@ém& b%@ﬁ@%ﬁem&& toe\giﬁ(% tﬂ)e@laf% lﬁgte& hﬁzpt%i)toﬁ C&H(trolt he

i nj ection. onpositions of the invention are to be adm ni stered

t opi cal |y, &emnfébﬁﬁiwawreﬁt@teé@wcwyw Bttt rateadingtign. rEctepihedliangh oi nt ment ,

cr e?m tr ans‘éql@ﬁdﬁmefﬂ@@ﬁtQiNA Itrectetsmgmg@ed suclSR IR andSPlyadknyldRACKAKO! , S oI ut i on,
emul si on, or other

R S e S e O R T e Bee: o
Dosage For nisgzakl @nsensue sbqyen¢dysedaciRuthit sitiamg poin stdbéaist, eml, wheednsyl avani a,
1995) . For éé@]ém%P{hM%%@e 8 Gk FOFRIG O TRy S LQYUR L iEThepBRtded OF
solid fornms conprising a carrier or one or nore exclpients conpatible with
t opi cal appiPPe e heshorariehmh BPF ke y aleselsraneanEolweds s & aegﬁrqélwéw@ﬁamrymmreaat er than

wat er 20ar erigoYaChdidg s@RhOY @ scriftibnti@RIngidh Q¥ditHeatil QRSydiRCiHARLy, Wit hOUt
limtation, solutions, <§H pensi ons emul si.ons, . creans, 0|ntnent§ wder s,
lini ments, SRFYEQUTSHATAR PPRYCT 4jhi ESEIPHON (PimingHe spagnees T R tery E@H%r m xed
wth auxjI|@@ynﬁgenm$m@eugndmmb@aﬁhamtﬂmeau%emabmhmmaﬁaemme&hnm@ agents
buffers, or_salts) arious erti

exanpl o, odtoer buppd 8o b Bl UFIELNG Y ARty BRORE BT B Ol e
sprayabl e a@mm@@&mﬁﬁé@@@@@ﬂ@h@ﬁ%ﬁ@ﬁéﬂﬁﬂpﬁ@%active ingredlent 25preferably
in conbination Wl"tah‘sf@m%%'”@efé?g to ah}%}b(gss%@%rhkh %g@ﬂoﬁsr nuclbi® a&@-ﬁléag eplal N a
mxture wwth a gressurlzed vol ati'l ggaseous propel iant, such as

FREONC! ) or™¢lffuls) Cﬁbt??ﬁm“Wﬁﬁk@ﬂWFQEP ot AR ndisipisal so be
added tm)phamgaﬁﬁutmaamSwanpmshhnaﬂﬁtamﬂﬁdﬁ&a@ﬁna@aﬁsnM@kdﬁ&nmﬂ@dﬁExaanes
the T nvent | Bheombe! SRR RO AE i SRR B BBt Tl on, the
30conposi ti It)fnhqdatnsebeted hasthsph die okt patl balng aesiorokd afidonim m@lplp,éoyt is mtdmitgitoj n t he

form of dr Oﬁémld LBtap@JcI'ds§éJ(!eﬁﬁlar M&Qy Ivffilégtlﬂfgctl&{ elg&%ﬁ(ﬁzgﬁﬁtlfpgfeagg nheé for use
according to the present invention can be conveniently delivered in the

form of an RElcESeMdAEREy Syehe santfoanid relip rr@wep%w@%@flﬁf%@ad tratRavhish thy

nebul i zey, MWiehby e isusRbIEH @pIRbtioh alieLasph @R&lomanty Iétﬂlcgmg plasmid or as part of
dichlorodlf%ug . t hane, trlfhl f1 or.o) tha1§, dic oro g@;‘sluoroethane
carbon di oxU¥SSFOBPIEF T b %ﬁ%% rf“ﬁgn SERSE Y 5 Uri zed

aer osol themmﬂﬁaganuhmnmhaymbe deterntned by providing a valve to deliver a
nmet ered anount. Capsul es and cartridges (conposed of, e.g., gelatin) for
use in an inhaler or insufflator may bé3fornul ated contai ning a powder m x
of the compound and a suitable powder base such as |actose or starch. If a
nmet hod of the invention conprises oral adm nistration, conpositions can be
formulated orally in the formof tablets, capsules, cachets, gel caps,

sol utions, suspensions, and the 5like. Tablets or capsules can be prepared
by conventlonal ~neans mnth pharnaceutlcally acceptable ex0|p|ents such as.

oy o - o,



of the invention is adm nistered using Al kernmes Al R(r) pul nonary drug
delivery technol ogy (Al kernes, Inc., Canbridge, Massachusetts, US). A
met hod ofwoOhell/a2s®at i on may conprise adm nistration of RCTAISP@Lioy7006
formul ated for 30parenteral admi nistration by injection (e.g., by bolus
injection or continuous infusion). Fornulations for injection may be
presented in unit dosage form(e.g., in anmpoules or in nulti-dose

cont ai ners) w t hrhanrRde@hbRLES&E Mat {oyﬁm @hﬂ)s&@lmpqssmeh&@a) B0 b 8dBnts UCh
fornms as suspensi ons, solutjions, or erruF

|n (o] ueous vehicl es,
and may cont AiFXeE5Pa P&Iﬁdﬁailbeﬁlb]é‘ﬁ?dé‘ceguwnﬁ? %Hﬁlhﬂé CQLCPQEW@? %Ry and/ or
di sper si ng agetes muAlptegnnatdavied greoditgentEoticss @1cBo b\;g\mszdxfemlthnmyg danile) powder
formfor copstituhd Mt i i en- free
wat or) bef oo it AiRUR kB R KB El B S af i S I XA RS
conpr i s adht pritriratubier calf but.afsp trsthe iresssy $fonatnalcelt: dtbcase @@@@moct)ﬁ@pw ations.

Such | ong 319&31 dd&hr fn%&'é@édﬂ%g'g%?ah@iﬁ)&u@t% eﬁ@ﬂ?nﬁkht%%? &Qn&ﬁ(neht@phﬁ{aﬁc%é kR (e.g.
subcut aneousl'y or intranuscul arl 1y i nt ranmuscul ar ecti on. Thus for

exanpl e, h%"%?@h‘ﬁ%i’ﬂof oA Bripniisalte P?F Hﬂ?%f@dbwrf ﬁtﬂ%lﬂ?l?d%w 1158’F§°r?€‘f 9fc

hydr ophob| Cthérinerhba k1" 5(1&ecgherelr8.5[n aren®odinsitHosticellsatlud € prelpinabt 1doi | ) or i on
g)(;r Eg‘lnges ;le%u&(arydtlc s g‘eﬁfef ﬁ?r ! n%{c (}%ﬂ'ﬁcﬂl laoms ql%(%en\fg‘;;nlgoer em%odnggftme 2 ?‘)}1(2??‘{):] ng:c y
conposi tG onsllfiorlwigipatieduam], plewndgdningl cesﬂal In aﬁ@hemnbOMnmwtls 1c<é¢dle put

accept abl e sald fmitdag) HQ%r}o'ElQﬁ)%césO{u@iPﬁsc){Mn{:m é‘d?zl RARSmIHE ReidRed HOFS @851 ved
from hydrochl oric aoric ic, tartaric acids, etc., and

t hose for me'dEX &%k {:ﬁgé\éﬁol %ﬁsanglﬁﬁ% Céstheclﬁﬁ’iétéelﬂlérfels%élndffl’l@ﬁ]l cshenctify S“ﬁ]b‘fsasm um
amoni um  Ck@utdMmyces ag“rmseaehydr oxi des, isopropylam ne, triethylam ne,

2-et hyl am no et

i ngredi ents of rcyilarl%g %tea‘nﬁﬁ%s Eid gé %ﬁpé) e&%nedma ﬁNA Oh%on}’l ate 1?Vy%Les}r§1 anéd

t oget hets i ntissrictltudomd gensfoonatipn feqyr, elecmmnrht@;n 1&>sfea10d} \Enkyephichdtizedngpowder or
water free gaRGe @&t%aﬁlfaués%a?bb&@mea%umgma FloGARLALAERIGRUER, 35 an
anpoul e or 'sachette I ndica uantity of active 15agent. Were the
mode of adn§oRIMStlY atcrHplishal ip e @%Pf@ﬁdesg’lb@@h%%|?heéﬁeg@@ﬁt%@lcﬂlp%ﬁ@énsed with an

Wf usi OE boﬁr&de&r&%g@b @n&@lﬁeﬁéﬁﬂe@ae@%@ﬁ@%&@ﬁ%ﬁtﬁﬁh n@fh@@l@we\lﬁclh&% 1?rheslal | Ine
ere the nmo mnistrati S i tion, an e of sterile
wnter for |y SutraRGh Ml i and fut oo bl GEimEs vk RS Ryt ent s may
be m xezb prtuonghva tizgndsent gtecibitation . Sed, A.gp Santbir@itleedl., Mbla@ilair moemt i20brbarla®ry

D oV des s PRl RNS B0 PCSa Oink PR ABIMLOSILCCOl sARLIRAPSYGL C agent s or
pharnaceutl‘c—al]_é—o—rfﬁo_ he 1 nven |on|sp |naherrret|cally
seal ed cont ai ner"T@uF@ﬁma@gaaﬁmaﬂﬁ)WWé inghe & esifat P an @TE@ﬂS@d{a}ﬂh&JC@ﬂlh@mquantl ty of

the agent. doﬂtaﬁaeraﬁg&@d»mmme t&ﬂ%e&rlntfmﬁc%d ffo thmgams&reméh asbdi& 0Pthe

t herapeut i c ag ent s, rmaceuti ca tions q e invention is

suppl i ed as’™ HWG’%”E@%SF? EF 1?03 &’“ﬁ%"bﬂ‘iwrf‘%‘/eeéprﬁsd?/dn‘%ﬂw8%3%%?e*? PgEcBiicent rat e
in a hezfrretlblealccbnym&eazlhehhsembipammEramﬂdte@amdbﬁ)the@msrﬁetoftamna@bn( ®hith 3 W th

wat er or Satl I n% 2r5§n(i)sm (Pevel rpo d1re (r:e%sqgneor}trll’ arlt(:(l) ed ene ro? C r(])IneS (;rr atel on to a
subj ect. Pref et a ?§ one 0 e propﬁ i ¢ of 1herapeutlc agents
or phar nacwtlitY@ﬁloré@n@@éihtir@ﬁgnm)rg@mgn| nventi on |s supplied as a dry
sterile |yophilimed pawder bl @ob@sietd cal 1h%rc§a@géa ?a‘a@% ANelRheiRerds UNi t
dosage of at | east 5 pr ef er abl eas

at | east 15 ng, at
| east 25 nglo2gkangersan H%@“ﬁ’gm thﬁtacqv}é}é%fta CHlﬁ of %We?té%%tﬂrl‘gﬁ‘ﬂﬁ%cal wtviy@hst 75
ng, or & |1€&$I4) MNo&uAton rﬂ?ﬂ&e hlyﬁ&ms& brb&l@cr@l‘s@mwhra@ﬁltude &M chrher a’ﬁﬁ)&tl;ltot c
30agent s or har eutica o] |t| ent| on tored
ot Detvoen SR GENN SR ROIRC P ARG Pl SR B RO h S o
t her apeut | caralgnehltnsed @ binging riraicteirtic elzygadinposity. icdhsceotfor ¢Cheatlprnv@rﬁugndn shoul d
be adm ni stgred.omthin 1 week, preferably within 5 days, within 72 hours,
Wi thin 48 hours, within 24 hours Wi thin 12 hours, within 6 hours, within 5
hours, within 3 Gepepandingly. if teHR HNofulRElras afed dpreipes hgpnpeegrble ot ed. I n an

al t er nags vecheipedt MRAlg anISORE o OinciBY & a@foldbineofiitepd v g3 eHel biolicat dogrigpeut i ¢

agents or tical itions of the invention ssu din

"au @ 7or MARLESEhse i PO Sk e et e Rl 8ot b PHERG0%ht 1y and
concent r at | @nainfctivityeor Agettn.of Pmelf@itealoiysred th the Imagnitudk of g mvtofty ditfencachm ni st er ed
conposition is supplied in a hernetically seal ed container at |east 0.25
mg/ M, nore preferably at least 0.5 ngPhl, at least 1 ng/nm, at least 2.5
ng/m, at least 5 ng/m, at least 8 ng/mM, at least 10 ng/m, at |east 15
ng/ kg, at least 25 ng/m, at least 50 ng/m, at least 75 ng/m, or at |east
100 ng/ M. The liquid form should be stored at between 2C and 8C in its
original container. 5The binding proteins of the invention can be

| ncor por at ed | nto a phar ITB.CEUtI cal corrp05| ti on sw tabl e for par ent er aI

-~ . r .




The DLL4 binding proteins of the present invention can be adm nistered by a
variety of 10methods known in the art, although for many therapeutic

appl i cat iwoo1tthepr ef erred rout e/ node of admi ni strati oRCraSsuboutoaceous

i njection, intravenous injection, or infusion. As will be appreciated by
the skilled artisan, the route and/or node of adm nistration will vary
dependi ng upon the desired results. In certain enbodi nents, the active

conpound msé@edmtﬁ@@e@&lde mtehnoautgelr ITh é‘e&taﬂh I@ﬁBod\Mle!n]ts aprh&meﬁ)t iskhansapound
agai nst rapid rel ease, such as a control OI‘{lelease 15f or mul atj on,

i ncl udi ng | WERErEsesihedpeniRel«f jsay %“r?é%““té BRI G aAORs NG BER el i very

syst ens. BHﬂﬂE@%ﬁd&bkemt@¢mnbmmﬂn0bkﬁmqumnﬁi@ﬁ@&h%ﬂ&pﬂ&ﬁﬂscﬁmmhﬂas

et hyl ene vi C p lygal | l.agen,

polyorthoe({Relliﬂaén,a()r %nmeB? @&%%P%m%wEth¥&?h§9 or t%gh%géﬁggatlon of

such forﬁutﬁ@pdﬁﬁzére patented or generally known to those skilled in the

art. See, . TRURHARI edst'aat%s@@ternoteteedo Reb&ass wlar, WiledBhihN&IWihy St ens,

J.R Roblnson "ed., 20(Marcel Dekke Inc., New York, 1978). In certain

enbodi nent s7° %F“Bloﬁﬁteﬁét oimeid=] ifereggpe ip H”@ TagR) it ?féﬁerWWC%Vétyﬁt @P‘l“}‘?n ofdbs ni stered,

for exanmpl epolvduteRodurddnemt mdgnlimtemﬂf thé) Bctigify @Sigictionl cdfehed adidiben@aftheer . The

g?ngg]l;l?ds I(,lg‘alré?m&t P cuiar %or%dts nter’est ma¥ 1nglgclleed§uqztre qoat){ln%'sc? ttg rggmb%r@%ntgzﬁgolr 2 t g‘ dhar d

directl {0 rﬂlgmaltrtg@athwb] @I;L4 wlmp@ﬂes aﬁd)nuctsfrcalmdt, baabdipdits ¢ aadethainoterdtsi on,

25t he conmpoyngs mpyLke i ncorporated with excipients and used in the form of

ingestible tablets, buccal tablets, troches sules, elixirs

suspensi ons, syrlipEm™ rPeEmst oarighipile Fuﬁ@hmTB1'%ﬁﬂ%?@@@?“&“%bﬁbﬁund of the

i nvent ihon b@bm@tttfueuvuhtahmcmabeﬂttelegtatus@dmbdﬂéasé 1ﬁ&te|ne@mmuet ofqamablecﬂneg essar ?/ to

coat the co terial to

rovent i ¢ UL b esu® il S S s of o SRR Bt S BanBuP Bl e

i ncor pofiat edsanetf tehetagronp dsititilanpgagohists 80tterst aiclidetriye thartBerk o1 medubitendi ng

protein of thbﬁolb%lya?&Ilfnglﬂndl@lcgloafcﬁ)\ntgn& ﬁﬂ@pes\ﬁ%cttam MH%LLQ rﬂ4f“ stered with

one or nore additional therapeutiC agents at are useful for treating

di sorders iMntggRanigharpinhapitge of MLy npay inglalg, Ptfétﬁnat limifed fo, prRigip necleigisids,

ant i - huDLL4c.a0hydbedYor 8y oafef inbied), \PlQéHHl&i@ tfpriLh @nd/(ﬁ"l&l@ﬁtllﬂlﬂ4 nmay be

cof ormul at ed and/ or oadnhn steé with one or nore ad tloneﬁ anti bodi es
A {181

that bind ot her A&FYSrEn(B §m CHH bEu RS THAD M5 RA O Heb @y Bk nes or t hat
bi nd 35@EIIwﬁhmmaeedmnbemwhea&ﬂmﬁﬁwmmeMMEﬂeammmea¢anbmembmndumg proteins
of the inv ﬁtn}gt%ﬁs {E@%otb%mb'l%grg)rév%t ﬁﬁ%a r%%n'eﬁ%@f él\ﬁlgopc}e'} W Of rgsgirog o f the
foregoing t apeuti c agent uc Ination t eraple may advantageously
utilize | oweiorddnsaipe T BEventike radifeiTe-sieekopniertinafeaperpsessiageimmeor idius avoi di ng

possi bl e tQ&hﬁb&b%@m%&d%@ﬂﬂhk&@%hﬁ&&a%%&%&*&%ﬁ@m&h&ﬂqﬁh@ﬂ%%ﬁb&&%hcm
nonot her ap certain enbodi ts, a DLL4 bin i ng protein of the

i nventi on |t§ertﬂehtl€€8fett®°§at9éttef thfrf‘lfyée exi" éﬁaﬁtj of BHPREPY 3¢ in the art. Such
veh|cIe$5|ncIudepmbmtmﬂremmatnmy5a$emmmmhmgﬁmyﬁamd@nahnomﬁ@@h&emmyhene

gl ycol, and dextran, .Such are descrlb n US Patent No.
i R TI R E SR o ST S K

her eby i ncairrm@tea(foewmyle,rae*)erme camel, a llamg, g hgrse p eest. fairabbis pisbad. wdmpsterruc ei ¢

aci d sequeng@ga GEMRAL §&d§ﬁa1@#§h§$&%'aﬂ@a SRAYENGEE Fe. £NGAN Y (&bsBi AdL BgPr ot ei n
of the invention or anot P%bgh lactic or therapeutic agent of the

10i nvent i onP &lFabled iRt spbiy paRSpch 49 g BypRdeIng HALG AT asgpsed iR | orat e a

di sor deso ordiQmne, cﬁHordHﬂ)blesoﬁ(yﬂmﬂt @mah hterslefmt a tDtyeaWS(ﬁfer gﬁ@)ﬁdltl(lﬂﬁﬁ apyan Gene

t her apy refers to.t he& per f F (&% t he. ad 3Erat| Lo subject of
Vll’l isease 1 er, or condifion; an human bem ea e di ease i or , 0,

an expresse EXPressIore” Wueher & acd™™ PRt A nt ot f he

i nvention, @h@tlcnlu (Moeq reeferehlyle ppreodu SIé)Jetcthebermgemicﬁtkedssmsw&orrvgnqglrcmp‘éprn or

prophyl act i g0 if RAREUL!E: BARA DO egqh}@ssfoﬁl y@?&{s% hidtor PRI RLES R

prophylactic or therapeutic effect % he methods for gene therapy

avai | abl e ihipiHen o lisruptify OBBL%%W%%?W & Fat hhengsr st difsasfent i on.  For

gener al 35 evi ews Taf teth&amRt, h&dﬁedQlfereg@lBQseﬂ t}ﬁfsepwestsse@e Coldppbedl sefplal ., Cin.

Phar macy, 12 8-505 (1993); 5.(1991);

Tol st oshev, SAH o pBy e ha piesl g et Sk SRice Bor 638 whggy | an,

Sci ence, 26@nmﬂ26wm9@@g(S@&3ng&m¢smegannamdmAmdedEmmmmmmmweﬁem. Bi ochem ,
62: 191-217 (1993); Robinson, C., Trends Biotechnol., 2011(5): 155 (1993).
Met hods commonly known in the art of ré¢onbi nant DNA technol ogy which can
be used are described in Ausubel et al. (eds.), Current Protocols in

Mol ecul ar Bi ol ogy (John Wley & Sons, New York, 1993); and Kriegler, Gene
Transfer and Expression, A Laboratory Mnual, (Stockton Press, New York,
1990). Detail ed descriptions of various nethods of gene therapy are
dlsclosed in US Patent Appllcatlon Publlcatlon No 20050042664 AI mhlch IS
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(Cerebral Autosomal Dom nant Arteriopathy with Sub-cortical Infarcts and
Leukoencephal opathy), Ms (Multiple Sclerosis), Tetralogy of Fallot, and

Al agi | | e wondriairee4 Pr ef er abl y, anti bodi es and anti gen- biPaaiusgopoute©ns

t hereof as described herein are used to treat cancers and tunors. 15Bi ndi ng
proteins according to the invention can be used alone or in conbination,
i.e., nore than one DLL4-binding protein described herein, to treat a

cancer, a tHREys, Rks, AbRBLnAbiRS Ld8Ls. | ShchMibaihcRiieiah Buitals nol mmealta bRy, of ,
and/ or neut aI Iﬁ tron of DLL4 is consi dered desi rﬁbl e gor ﬁt hEEWI se
thetd &¢!

benefi ci al ° HRUD-PHYBH ST HER G T PSR dre B tood that
DLL4 bindim@mpqmﬁﬁmmSQmﬁ(mheuﬂmmgmﬁuumwaamwaMﬁowbgmMSﬁd%ZQRm&me or in
conbi nation with. I ggnt. M gent aid
addi ti onal agent %H?%ggse %@%ng Iﬁﬁggggyrpga&ﬁﬁég$§ %%g’ fofmm%

i ntended® pumplsie.a dRgrtioeiepiignic anhiwdaddittiobasdlibagentcrsan Blbrdors.her apeut i ¢

agent that §e§s1tfvﬁ§3 926&@1' Z&Gtaint, § BBreAk binRst, zbﬁlt rbg ekbgﬁlf: Li'colfé%to'& foeat en%yn@eazﬂc er,
tunor, or other disease or condition in inding to or h|6|t|on of

DLL4 i s conSieainadeth 2pestepyasnt fypgent SBIPtl‘éld%/%‘Hit%ljé%san‘é‘f utto%éfti’ﬂftj Yigfe cancer,
tunmor, or a@hemhﬁwﬁaa&ﬂm@mhﬂandhkhﬁmgwihﬁa&aaddﬁémmmaéa@@emmmah&mncan be an
agent t hat I aSamtSSam benc%(.l; Iflag’llcal lthqgé rlilletpo%s ?eSCI‘l% 5€eell’tl Qn I’()%QeUtﬂ’!lO%.S kl’lO\r;r’-HOSI tion
e.g., an ageﬁ iC the' vi'SCos| f 1t10 | t
shoul d fur tthest. Hélu&,lmd@rognt@odf mhmsentrdécle@rﬁbi'anma @wgoqu@h" égoep«tn@ntbe i ncl uded

Wi thin thi s, i RGERLIRS @k %Clh&%l)?%ﬁ@é d}%{h'eroaﬂﬁyt%‘%eibb!\l'e SO asta B FoshiB €nded
purpose. The agents set forth ow are illustrative for purposes and not

i nt ended t o*BEI AN PR SPRs @ FRpPRELSH Whieh is iioeplly dpiaobyfizpd ongsokidyjugportg g

i nvention, ﬁ&fhsb@bfﬂlhlﬁg @Rk mb@@lm@ts (quf ahﬂn@olﬁfe@tmemnubdayesﬁmemn@adn@dan beast one
addltlonal agent e1 %H H tt% % | ow. The conbi nation can al so

i ncl ude mor & $HER CoHEPGH] f’”?ﬁ?aﬁlul&n r?fusemanassa“f wo or three additional
agents, 1if the dmehn%@nmmemsm@mWhrmﬁﬁbmWhéaP@MmbdeMMpmsmgﬁMWrcan perform
its int e”deﬂesErHQ%?é étg(l;}ne IP En?fn%ier ﬁ%ec%ﬁl Mﬂcgtﬂ)ﬁ" 1%?6?8 1 %ré& &f ﬂb\gﬁéhmcal

anti-inflammtory d (s) also referred to as whi ch 1 ncl ude drugs
| i ke i bupr ofs rﬁactoath?éal opF alfysicirrsdo elawidy prEeIioRie ammeéﬂﬁttff bigspighedssk oicl udi ng

prednlsolonﬁydﬁﬂn%@yﬂnbﬂ&@@&@eaggga@f&ﬁ&ﬁ&lof steroid use can be reduced or

even elim nated er |, e, steroid dose required whe atin
patients in conbg%ﬁ?ggﬁ tp%WaWHéngﬁf?nfii nHW??’%H?Q?mb?eqﬁﬁ§ ?nvegtion.
Non- | i M@ i ngewdiicaningling paiofe.gt, Aerdip@ut fregnagehtref froiran pindodyat edtiderdriddirgi tis with
whi ch an anﬁ'%gggrﬁ){hereg re%-llttd ‘LQ(%%YectR/% Eéabt%y optfle 151.}31%0‘[109\/? tp'hl%& @&Qlﬁpaglyu I ned

i ncl ude the OW n cyt oki ne suppressive anti-infl ammator

(CSAI Ds); aft 47 eetilogguspbragss reéﬂlit%@@ﬁil@t 4 a@be@ﬁs{erranhﬁfﬁﬁﬁd@&fr@ﬂmeﬁfé@e@@ﬂ gr ow h
factors, fop o Wh@aﬂl NRnoldetie oPhferedt, (orlal-ﬁ’agmenlt !hEI%@ zlntht birldls é}ﬁciﬂy‘t@ IL-7,
IL-8, IL-15, 1L-16, 1L-18, IL-21, interferons, CRECSF FGF, and
PDGF. Anti bYU 84U8¥ the i nvention, or anti gen blndlng portlons t hereof, can
be conbi2ned MAtHsmﬂﬁbbmdmgﬁmh@”ﬁ@hkmb@bfﬁ@@nﬁﬂhﬁb@b&ﬁ1ﬁﬂﬁhﬁaﬁn airCD3,

Ch4, CD8, Ch25 2 B7. 2),
CD90, CTLA %)anlil el r%l1fferen %leciur?% le1}1 93%01 m? to(é%l Oth(erB%Ba%}ic)hemliagﬁg eferred
conbi nat i ondhyodal mprag. aBﬂe@fquzmazg@mnsto malyen aml @ﬁlb@iyép@tﬁcmnﬂmepzemoﬂmu nts in the

pro- tunori 9en Gifing LR ANALIRLSRKIE aRi QLB bNGRATIMAYBoh 8] Slan&dnexanpl es
t herapeutic agents useful in the nmethods and compositions of the invention

i ncl ude anﬂPH@BﬁP&%YPEEQ§EHF§“w?hHﬁ6@H@P&ﬁ?m“&W&méﬁéﬁﬁfﬁﬁﬁé$?ugﬁﬁh as DNA
al kyl at 3ng agentishibioisspd éh'fzjlﬂibs Aaambapl. aﬁmmnn@atspecﬁubmhmglpaageaﬂhl&ludpacI i taxel,
docet axel , ta oI, oxor u i ant hracycl i nes,

Sar s amyot n, MR S RS P ordR Bre 7 bR AR e SR A MR D o

5-f | uor our awilbg. (Mh!)readl‘@ua@\fmlbmmng inpiilprot iedhak antigeceqptign ﬁtagrnfm§l ame ki nase

i nhibitors e(nﬁb(ﬂles el dﬁ’i& 'm'athlonzg‘gﬁd ﬁo'l};alope)l ant%s%s valhAszﬁl&Eés (ﬁ@grgents and

cel ecoxib), and Ki nase”inhi bitors. bi ndi ng proteins of the
i nvent i on nEye @slugas %%ﬁ'ﬁ“ﬁl“ﬁ@fd’awnfshthafﬁ‘én‘t’@th%léf&%edﬁ reqepiien e eduecd: 6- VP,

azat hi opy i ne s ul"phasa |aﬁZsbd‘1&renfﬁﬁéhﬁ§ aFolypentidOthsialli fRzd fgh a given polypeptlde (e.g.,

20chl or oqui ne/ chl enci |l . am ne 0

(i ntranusc E'\éepél )antl §;§‘P g‘i??’ E@rflmi%ﬁﬁlcgsr?ﬂ%ei‘lﬁé’y%}?&w ga%er oids (oral,
i nhal ed andinfecoal, ddlqtipe ot tcos)vatiretiat@tiedt enos eddpiuothatagan t8¢ Igolfgal but anol ,
terbutaline, salneteral), xanthines (theophylline, am nophylline),

cronogl ycate, nedocronil, ketotifen, ipPatropiumand oxitropium

cycl osporin, FK506, rapanycin, mycophenolate nofetil, |eflunom de, NSAIDs,
for exanple, ibuprofen, corticosteroids 25such as prednisol one,
phosphodi est erase i nhibitors, adensosi ne agonists, antitlu-onbotic agents,
conpl ement inhibitors, adrenergic agents, agents which interfere with
S|gnallng by pr0|nflannatory cytoklnes such as or IL-1 (e.g IRAK NI K,

o -, | - gpe— M s — e p—



15i m dazol e conpounds; and anti bodies to or antagonists of other hunman
cytokines or growh factors, for exanple, TNF, LT, IL-1, IL-2, IL-6, IL-7,
I L-8, |L-wb2011023%4 |1L-17, 1L-18, EMAP-11, GW CSF, FGF, pamaSBOE047006

Anti bodi es of the invention, or antigen binding portions thereof, can be
conbined with antibodies to cell surface nol ecul es such as CD2, CD3, CD4,
CD8, CD25, CD28, CD30, CD40, CD45, CD69, CD90, or their ligands. The

anti bodi es a{éfwﬁyh@thb @V@molygébud@(re 220 aahi @8N 4 HaD dkiBe RO b WQBSpd NEIER ,  may

al so be conhi ents uch as. nethotrexate, cl aspo FK506,
rapanycin, %ﬂfgﬁdﬂ@%?ﬁk Irﬁ?f”‘fétt‘)@( lfmeéfiﬂ”llaﬁh%%“d@am ‘I’fl:%‘}*/1 B‘i"’d?égilﬁ?fﬁ% e
i bupr of en, (ep)robe)@bm @ﬂd)y;ﬂS)Lfmp 0 @ﬁsepzrae\drsuls@ﬂumaf aipnOspdeadi.e séplrias en

hi bi t , . I t
o o oo, AHFARSIAS AR B 1 LG RTRRHL G EORIbB SORUGHRIy
| RAK, NI, scil&jmtaltlwg cwgeémlon:f) lisarpavetticse yn thyariohk |t>m@slly510@ﬂww miNEghangi, p38 or
MAP 25ki nasﬁqeée’]ﬂh&'cﬁéﬂg&%m Uekdeiktﬁi%d QQPA%?B} éoﬁgde%ﬁgﬂﬂsrﬁydkdmhlb hidd®¥ c&amENFa

converting enzyme inhibit g tors such as ki nase
i nhi bitors, a@%ﬁé}l@&f&?%@ﬁfia@@e? i BYE 6 A %, ’Fﬁ a}|5é219?1é32 @&Zani¥pri ne,

6- mer capt opiytiopalse 1nad‘xgif€ﬁ @fisd QidaOrveiroh i Behs@aZYOABf imfymbpﬁoemy ang Ohatidal e

cytoki ne receptors rlvatl e, 0 75 TNF
recept or s, 6191 n(iv]c_lsl n & itﬁlmlmo a01ﬁi_§|%mhlar hﬁ/g‘roge{ﬂ%lc %déx]@ﬁ can He %:ugstl%%% a osklﬂnes
(e.g., IL- 4retallnlpr01€@n funq_loll 1 ohd asic@t, arpinelackighEfv3)e, hymnmndee%axﬁ’pﬂ@@ of

therapeuti Cq,a@GRMS THM Hyﬁrom G oﬁan%-a%ldpélﬂﬂdaﬁlge REPD ?éthl Qlostiuh®nd R¥GBLIoN can
be conbi ned include the |1 ow n onists, for exarrpl e, anti-TNF

ant i bodi es, TeﬁBﬁE’PT@P@FﬁP‘GBﬁPE’%&’ﬂC%}%‘J n. Wso 129(11*3% theysipriety of e

(REM CADECI 3cids @R diftdxt off: A\{Eﬁhde@eﬁ@tﬁl sdlduua&rs@ft}(e@?e’étEé‘dEB&lg@r;(gEmR@h@fbl)y (ﬁnd
p55TNFRI gG ( LEN PT t he

i nventi on ctzghpﬂ”ede 5 e%%]maa SWE ﬂ}?ﬁla%he}l {:68%‘% groocloggate FV81?%3}§%“ mm budenosi de
and dexé&mnetimasiorgeniciii(sedi ey UdrToteati Nvs 4,64, 0 he Shlpytrigtidni (ﬁmnm_aymcalhsonmni@onbi ned
wi th agent s, SUch;as valslasal.az ﬂ%&adeéeﬁﬂn@%ﬁo‘ Je@ubd Gy, E}?alegam;ﬁ’é"'d ol sal azi ne,
and agents which 1| hterfere wth synthesi s or "action of proinflammatory

cyt oki nes sERNeEsNifity. 3 is yngprsteaddmibl &t |p poerpmele BV BHIONTTEE REFERSE Withhi bi t or s
and IL-Ira. an[ﬁkd—a‘&ldbhﬁdﬂgfﬁgdr@hﬂfb@ NAReOFittihe? biendiico Boiye Rlisghdeiysag Wi th T

6 ror oapt opll PREEBUER Al hrar & R ThaN AEHE b A B8 o ned

W th |L201. arrBucrlad1dn@omrsahmlmsha@{)bserhalo@anmratld substg@iondibateerhinpeblc with h

mesal ami ne, . NE4re . r od . A i sol one
Coat um suc e A FAPhER0 . BERMIORTL N o T AR AR S B DL RLEAR o7 o
met hot r exat RIticoipdpihagds ceainsof [hageamingjapifs rervealed by %@WW@%@ICWM er, hydrocodone

bitartrate/ @%Bhlll&l@tdhﬁgé/ Q&é &%dﬂ%%r@&ﬂ @I ivegant'f th@&llHaQ&HQ?desdﬁ%M oni dazol e,
t hi merosal / bori c. _aci

ram ne/ s r of | oxaci ydrochl ori de,
hyoscyamni ne’°sth F@Q‘t“gﬂaﬁﬁﬁ’é&fﬂ&?fﬁ ”T’éﬁﬁfaflgg ‘&TlVB@CGS%Fdé?&FEW gysgcm ori de,
oxycodore hgbépaaghanm arophefst- tpﬁ@aﬁeﬁamazmﬁ@ndsty glert acdilso bidegics @divmmrp hosphat e,
sul f anet hoxazol e/ t.ri et h Y.Gar xyphene
napsyl at e, i %F%e(%t} tlt?] %a!n al l\)/1}1 a?niﬁﬁg Usge %?ﬁ%remd? %g?fpum codei ne
phosphat e/ a@efprlpa@élia@gW@rf amrh@tlunlewﬁln@mbmtramtm byfeohtpsd. aci d, | evofl oxaci n,

net hyl predni sol e abdhibz WTRR neRRis Ltk §F ifsBFRMsGRNTRA “tiahaf1 Lhiilet i Ng
exanpl es of therapeutic agents with which a binding protein of he

i nventi on cANSHETEBRBIHEY P ACIOLIFRIE fa S SIS A SUbé%“ﬁF PR 2 liking gy cer i n,
i sosor biwe meﬂpmtnﬁgaﬁhmg $Rh ﬁ'{aﬁg)ﬂhmlgs iBUGR] tiedrenot dindaiIab qnhmarmaﬁla@ram ol
tartrate, d|p Jne e rochl.oride

dimitrate, CrOBIdSer 8o bl Farah R Thtsrousuel ATEieh bt

pot assi um CShtumr urdve,, syfayrab8edricd s, orginmiisss¢saltonqunarey, pehméedehehd spdérgoxi n,
propranol oly hydrQehlQk kdesinfdiyediel . isinopril, 20 spironolactone,
hydr ochl or ot hi azi de, enal apri|l mal eate, nadol ol r am pril, enoxaparin
sodi um hepari n QeaPesP Yapresinatios awﬂfef|lsomﬁdﬂlﬁewr@mpﬁ@af Ekdfes- BF at e,

fezlet :j m be, a{ﬂug&tbﬁﬁing@omJ)r@%febﬁﬂlatpﬂfda(iiELwﬂmﬂ Hig ] d sy ee) fhln@/ﬁqughl azi de,
el odi pi ne, i soprol ol fumarat armaceuti ca
compos: 11 oS BR/EREHH G FBRRR) 1 MIB A OO ar ARt By BHY act i ve
anount " or theréqhrhepingd RIdHifod bideys Bfnfag derapertianmuin thit caf besadininmeiradgo pinotaei N of
the invention. 25A "therapeutically effective amount” refers to an anount
effective, at dosages and for periods &P tinme necessary, to achieve the
desired therapeutic result. A therapeutically effective anount of the

bi ndi ng protein nmay be determ ned by a person skilled in the art and may
vary according to factors such as the disease state, age, sex, and wei ght
of the individual, and the ability of the binding proteinto elicit a
desired response | n the | nd| VI dual A ther apeut| cal |y effectl ve armunt IS

~r~ 1 o - o - v Y b Y " L



The BI ACORE(r) surface plasnon resonance assay (Biacore, Inc., Piscataway,
New 30Jersey, US) determnes the affinity of antibodies with kinetic

measur enewo00f0269%4r at e and of f- rate constants. Bi ndi ngCofusBub44mné i bodi es
to a purified reconbinant DLL4 extracel lular domain is determ ned by
surface plasnon resonance-based neasurenents with a BiacoreO instrunent
(either a Biacore 2000, Biacore 3000, or Biacore T100; GE Heal t hcare,

Pi scat anay, ah&w&emem o%)resy&is@tgj tﬁwmtnmgmpfm SkteiBSRR: JatlQllgtetédHEPES [ pH

7.4], 150 NaCl, mM_EDTA m BSA and 5% sy ant P20) at
25C. For ex&mpiee %PB’Qt“ﬁﬁrt’@}“y A@%‘grgéu By auy "‘étf’ft“he% Eﬁlem fic

pol ycl onal lamtin botybifdiiparereinsdvathisr cobsd cﬁ“metpleaftedcadllnrmmranoﬁbamﬁe@asrlectsl dfkbienoi s, US)
diluted in J0 M sQol.um agelal il Al b‘%d@tm% cpé%t?gghéé ohOTRRL L) aﬁﬁ across a
CMb researc| grade biosensor chip using stan am ne cou %g Ki t

accor di ny twndvepaftigest tharesf. that lplmislPHtfctPrrecfm@baﬂﬂd alttfoe@ed@me@oetthe%f arelg/ ml .

t hu- eact ed {iRi&lLhERIRY G atN, ARGRHRiesSH e REEntRA Gre REAGKSE NMnbangIidI2A0I am ne
For kinetic analysis, rate equations derived fromthe 1:1 Langmuir binding
model 5are FP¥EYH si mul t aneous! y to nultiple antigen injections (using
global fit analysis) with the use of Scrubber 2 (BioLogic Software),

Bi acore Bi agval n or Biacore T100 Eval uation software.
Purified an‘tgl bo:i@éhsogaofmak&iglanfggi%l\%ltlg(ﬁlhersn ng buffer for capture across goat
ant| hundh Fc r edotibwires sithd meses invanion redbaasadt by e ofapmbered talmiqiey | gand (1

. 1g/ mi) arl@lOWlﬂ% ?td A%Y&érreﬁ%@l&d R @RGR&JBJI ﬁlﬁﬁlA@l‘ispl@y {el:}ﬁ)i\’)\foéﬁgs%xe%fphﬂ& in - 11/ m n.
Dur| ng the ass Pié nmeasurenents were referenced 10agai nst the capture

surface al offémp 2éeremmﬁththeﬁee%%€ﬁf (R R R R s ER /R tﬁ@dff}ransafﬁe MYEHCi at i on
and di ssoci tﬁitlcﬁﬂesraaﬁr@tl(ﬁﬁlr&fn@l@ﬁl&t o@mal MndsSodgbubighndsafifh hpSanlpLIaw® det er m ned

maki ng_ ki netTeTRRArha e A e ShemeacsdSar P STt TR B Bl ons
rangi ngl¥ r onprkssZBly-hu@@0menvilomsantib@liek glathii Huoen BhL4 étrep@@,maatrhdmarncl uded

i ss0ci at | o St A e R L e 0 o and the
target antigenline smltnﬁﬂealolelétp sarES d Stch siethedrerdrids Etlly dupa LGS g RSBy t he

Iol | owi ggkf@a ?ﬁﬂtlﬁate‘{ﬁéﬁle&to@eﬁfﬁ@l% ouBbHR @k ﬁ&e'r&nﬂslaﬁﬁtgrﬁﬁ@atﬂﬁ t@reduen Bt i 0{1 of
| "Te an |ne|craeconsans e cal.cu ed. . S . as ,..0N-rates as
fast as 106°RNETET PO dHFLFePLieet em‘%“P%}WaL@ili‘g‘"‘-“%b" yinp e&%ﬁ% %%%ﬁgyur ed.
aarrpl e2d. gt(e)chgg’:lﬁdIunlgzlr@fma[al:lhléfroﬁtrmmﬂqﬂnﬁpﬁmsta@ 1€9ﬂ>mﬂeﬂr@1 bDUhay bi)mteﬂacel | ul gg .
mal n as we
Nunc- | mmuno pl athgs }%8% @&@?&n‘%ﬂt (e}%mjrbo ﬁaaggééa%r%n!ﬁaryr?lgdﬁy agai nst
human | gG (megepdicr argreeit thiopardivbridema Falekven ﬂhﬁfmﬁdﬂe@eletaétnﬂb&ﬂzolefetﬁ%aroga 100
Onel 1) in Q‘n%y (16 D &LV E LA BNk, HEHR A %@1@7 QNBYIRL, %mka@&tlc%pha%u SA plates

wer e washed 3 buf f S, 0.05% Tween-20) and then

bl ocked wi t%onﬁff@dtjﬁtfme& %Pyo‘t‘flﬁéaﬁblsﬁtff tcéé (D-PBS, 1% BSA, 1 nM CaCl2, 0.05%
Tween- 20y for 1 Adiibnahisp@BGS vdrlosd tesniges elammjhaeelmﬁoteﬁtmﬁ)tamMMncubat ed wth
100 Onel |l DLL4 .an 0001-1 e dilution in

bl ocki ng bultl?mdﬁmag antt)6)01dy m()leglges accfgd&l Qo than?léﬂn ail/\r/?a% Scer% C{Etbegol n 3 tinmes. Plates
cont ai ni ng kapt We@@ﬂmnmnﬁlbowdwegﬂlMﬂQatfe@nmgyh bi oti n-1 abel ed human

DLL4 extracell u'l\%no&i&ﬁﬁdnﬂb({dgegcaﬂ% bﬂ@p@&%’sﬁ?&i@vﬂgv@%fy 0?{echntlﬁﬁg]k'ﬁé\¥‘ﬂetlnlﬂ)e for 1
hour at 25C, washed times, and I ncubated with streptavidin conjugated

with HRP (mﬁun%lm t@owfhzb%memoe‘?wf F“Berht‘%? dﬁPléW?hﬁ?@l"%Eﬁ ér, 1001A/ well)
for 1 hawur @inbdbn tfebeIFot eh@mlﬁlb m&hodmslhntlﬂbﬁﬁi @s bu\@b@cetmm@a;tbedoﬂm th 100

.11/ wel | LISAsubtra #340280 The
reacti on wEsChE oest)“éF ¥ "Se "%“ﬁuea a“dtta%t ‘“"taﬁaid]b “’W‘t al %4 and
4 5Aitigr{ ColBSpaingvdareor dniragore BresssCorig SIBBE aphpad

Prism soft V\ﬁa[rﬁ‘orat@ﬁjs)ﬁ%e‘ﬂﬁ&%‘?ﬁ YEV16 oL IBR AhiBdiedVRl RRd) 2y G RRRE P £O0RE €d
pl ate). r-coated plates (Ihermo Scientific #15143) were

e

washed 3 t|t%ééEletehNwaéfﬁrkbﬁ%t)éﬁalctleesnceemeev/er#tﬁ}éerﬁefgel)ce bepdratigées) and t hen

IDEE zbﬁ_t ed Wt;thbdl@ﬁnﬁ)_ﬁﬂdmn\ggiéd scfftnﬁltgtmmecatclaﬂnﬂwe% @rnﬁntpdmk &nﬂe&-hﬂolhgy&r@r cyﬂo
-his at_1.t in ur at t h shakin t hen

wnshed 3 ¢i s Sty ate B Sl o HeHlaang AR T o

r ecombi nant gebdraiimg moantonal Bhtibddiesrvs wbibahi aesbovlesr wodubeirpy ddtdethot contphieng| at e

(0.00164-27 nM 4-fold serial dilution in ELISA buffer = PBST, 10%

Super bl ock (Pierce #37515)) for 1 hour 68t 25C with shaki ng and then washed

again 3 tines. Plates were incubated with goat anti-human HRP (Pierce

#31412) (1:40,000 dilution in ELISA buffer, 100 il/well) for 1 hour at 25C

wi t h shaking, then washed 3 tinmes. After the final wash, plates were

i ncubated with 100 t1llwell ELISA substrate (Sigma 10#T8665). The reaction

was stopped after 8 m nutes at 25C W|th 100 p|/vveII 1N HC1 and the

o o ~ o - ~ Tl o~




shaking). Plates were washed again and 100 pi/well streptavidin conjugated
wth HRP (Fitzgerald #65R- S104PHRPx, diluted 1:5,000 in bl ocking buffer)
was addeawbaniil2bwyr at 25C with shaki ng. After a final paagis2oiploatoes wer e
devel oped using 100 ', Li/well substrate (TMB Sigma #T8665), and the

reacti on was stopped after an 8-mnute incubation at 25C (for nuDLL4 ELI SA)
and after 20 m nute incubation at 25C (for huDLL4 ELI SA) using 100

,Lifwel I 1o ,ahmamt £ s@hsifE DARGRYESHhd iBRdiRIwHARE, fHfatiditi Wer e
anal yzed usi ng@fnaé%e{l)ad Prism software ta | C50 val.ues were re rted as the

concentr at i B BOHVPY B F AN PRGES L SAUATTIO8 BRUBLL A BALHYET 0 Not ch
1. Exanpl e dfil:invBht®@e kiith ghy dbmEel 1udnkd eheNodr @hingihe tlybaidorta® rdlutink- fmnetheﬁpme ssi ng

293G Cel I s n i torretry
(conpetiti ofﬁ }E%“%{fgﬁo%p%%% i qtlﬁgfygggg)yb?ndéi%lgﬁﬁ& Oztﬁl gb Vémlge%\ﬁﬁ nes
over expressigeag & imnguizeheich @LD_IMWergen Har peftredenfoodimenti thsleLAantigenise f | asks
and re- suspghgiedridvitRogRat € stﬂhkflaft@ﬂh@gnﬁﬁl: fe%nieP?;&L %L%taﬁhﬂalu&gco% cRovi ne
serum al bumn and 1_nmM C%aC CS buffer). HEK293-hDLL4 or HEK293-nDLL4
cells were ‘Hl@ﬁ‘@ﬂ%%ﬁre?qﬁltséd@‘@n\ﬂ%ﬁl (Iﬁlfﬁ{“é d]@@pnﬂﬁ ?rdisr?O]}é!t mpugosymylgingc o) | s/ wel |
i n FACS bufa‘oelmexeé\)‘ tSath Slfaivanmi iy pehewnthe@ilpsptida dord i-prialisférngbyt Beueserpgitnat ant ,
22 d i :’]I(;Ugfat guﬁo(():;hl dlepé)s1l qlhél'%l%w%ytcgntggpubqgnc%sqﬁgst;ltmullla]"fle theohé)s%a secrg%q%cgors tgat ]@aCh V\'el ¥
, L/ wel®  ofherngaagih For migrerthiges artd ofhepeompdnghterbf th@rnnhmuyﬁltel@ oB@ewblyAf0 ', 1g/ mL
f OI’ mDLL4- 2[%%@61&1&6 ngﬁg th%llstereldgﬁlglfnlifldnﬁ@th(ﬂl séh@&ul@\glqllﬁvbgggxlo ol'mlal‘%ur ' nCUbat Ion

ice at 4C. After washing the cells two tinmes wth FACS buffer, 50 ',IL of
R- phycoer yt Mgy efd%ftrekrpeoeliie PrEd CHiOHer (DLl PR Bt HIeFACS buf f er)
(Jackson Ina)aulm@gaeﬁ@ggﬁhpo%e&deaapmmbeB@dansyI vani a, US, 20catal og no. 5
016- 110-084) we a i at| on lce 0 m nutes
cell's were Washegt {lrr{lrmélglz?uolrlr@ an SAgeH lgluslg@r% 8¢ A" ﬂ@éﬂ %%%anhb(%ﬁ uor escence
was neasur emiochu@nglg:llamae@toemmamms anmBEACHSHI- iDbLm afp&ly(cBeaihiogiseBDincki nson,
San 0se,  (linoPBh 2 (WK A3 LE R Ul HARIRAINRLL AP A £ a0d | G50
val ues were reported as thé concentration of antibody to ac eve 50%
reducti on oftagse &pin thﬁ@@ﬁlal tomprpoglabylsr fEesidinaggy Septaned Inmibaple. o Ug:

| nhi bition @fi dﬂLhént@@cﬂ&ﬂﬁL@l% plriFed ﬁ‘&ﬁ&le@tfrurﬁvﬁ%mr1161§1&1L0Eib))ulinﬁlolgﬁiet1Yr926 Cell's
by DLL4 Antthbodles ! lhﬁ’f‘ ture Iatesf96 well, were coated with
1001A wel | AOHEMCDEE 2P 08 R UPSh elii’B"r%EE?e WETOTEPPHYSM i n D-PBS (G bco
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pl at es wer ebeseweied b(z)verrlng‘rgtmlm with PPOOC hylidows gletes. engi neer ed EA. hy926 cells

expressing | uci fier,age: e&rbbaéean%@)dmm %%ﬁrﬁ%ﬁ&eﬁﬁyﬂ?{d&ﬁkt& be MAardOdi es
serially diluted from?2 nM wer e i xed m nutes wth equal vol une of

5000 HEK293¥sF F@’}‘WFCI “@%r‘é@"é?lﬁ@mﬁﬂl?n hefind 1%&?_@06@%&2@%‘?‘3“@_@35 cells
wer e co30 5caid mmedlmtuohhllz%nm&&@elmxs cshvenemﬁ\mtleme el des, englHaﬂélw bid1g8nd, n t he
presence of test A N9.8 ntlrlglgogmes,[ Lumfgga e ac r%}{m K zllmyzed by
Promega' s su stra BB SRR A ES gR B ﬁx fpts Sefe Ofg Y"¢al nethods and
t echni ques ﬁOdyrpenm¢Séemneeqrde’m céltlpenrdteplyei %mcb @lh@@tl@@lectmndpehyfoydomas are
characteri Zs%%ekr%@ﬁsmﬁﬁﬁf&%gbﬁbﬁ ﬁ%&%r%&f&&egsﬂq Phes us§ pRkrBFG for inducing
phase separation of a soli rotein according to principles of volune

excl usi on rePPEREhitthe 131“?1@%@51%@ PEPPFSABTRSED cEBerdaked HEMEBIOtSIY2PY of a
prot ei Inssd PE@Lfsas oﬁee*d@dslﬁhhmadysaﬁmgﬁpreemelry aPEDBA. Qheﬁ‘dn@)leto&iBLgA strB@ling G ][1]9

m ni mal denatu r.ot ient te tures oes not affect
Fertary scpvdare g piEie s Pl Rt rmrertis PRhge oot t o 30

t enperat ure control is not required, i.e., precipitation studies can be
performed at anbi ent 15tenperature at the | aboratory bench.

CGenerally, the precipitation of proteif®s by PEGs is explained on the basis
of volume exclusion effects. According to this theory, proteins are
sterically excluded fromthe regions of solvent that are occupied by PEG
| inear chains. As a result, proteins are concentrated and eventually
precipitated when their solubility is exceeded. In thernodynamc terns, the
sterl c 20exc| u5| on Ieads to an |ncrease in the chem cal potenti al of the
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precipitate a protein of interest is simlar to the percentage needed to
preci pitate adalimunmab then the predicted solubility of that protein wll
be sim | awote1ttdzs96gol ubi ity adal i mumab. Real Sol ubili t pCiviiShad/04Real
solubility is determ ned by using Am con centrifugal filters to concentrate
a protein 5in solution until the protein is observed to precipitate out of
solution or until the mninmmvolune to which the protein can be

concentr at ed W tAanDIII_h%nthoh}r—ﬁBdu'dl'ﬂg Byb‘rﬁorﬁa@@&@ﬁ@ted'%@fneé bl et QFeened Tornl

Am con cent filters have m vol une of approxi mately 50 | A
while 4 ni aﬁ% CHE aﬂg{’}ﬁm% f$¥S&Y§“ﬁW¥W%h@ AR R o and
appr oxi mat edeyirabb amlbodyi-‘dharsctteranq@;a@ﬁeéussed furtblér &blyw eHytridddasanag bemltﬁned: and

formul ati on S much
oss. Then ThuliBel HEEERElBRRn b PR R Y LR E, Sl e Cl
filter retentdtaltahantier McTds of desbiess clpgng anﬁe@awntgﬁly@ﬂdﬁm@wm@lﬂ kElP‘@Se

menbr ane th)lﬂlowf@@lnh@%kﬂ]ﬁ}ﬁﬁmﬁ nol ecul es of less than 10 to 30 kil odal tons
to pass when subjected to centrlfugal force. Antibodies which are typically
above 140 ki | oddl BFRETH gogiment-dy Bidqmas aphipguse RRpidqmas. gt aibedidrecdt es, smal |
exci pi ent s, anaét emdbdigentin bridpassrd pisdactg n a nbh@uaen hankhaigadpedids lsic@ s a8, t hen
centrifuged 15accordin nuf crur a n the protein is
observed to ptpépc%S% & cgm ﬁ)ar Ia Jtan(g%erglp% C{enf% Cﬁuﬁﬂen S[heuh r%r%%m\% Ume to

whi ch t he plrumaehsrbrldms bewtldn@eman a«tre&dcmwwmynlomhé fiised W@hra lulman cdlls reached.
After centréxglléggitglalggm BNe pEREEI N solution is renoved fromthe retentate
chanber and the concentration 1s neasured by ultraviol et absorbance. The
sol ution is therfkyy fragmeptsthabisepenies PefifirePHOPEGMay By TR Y K¥Wioni t or ed f or
si gns of pr@&hlﬂh&saFdr@fhmpNe% ahalﬁ(mz"ﬁaghemsq)me inN@®ibn W@r(ﬁl’@@@bi oscopy

provi des m{gt ant norf t|0n1€ ! etertiargﬁstruc ur?t rotelns and
i's one of tHE GBS TS TRENHIEGRILE “i"neC i §E SYAPE VS PEFL §pf°8 The

di ff er ent i alfabdbswompi erpepsaf(totphreludedidb’) amdnrentigh F(abi fogmartd gpntao lttarviuzabt

conponent s 19mﬂokh@ﬂgmmwoh&a%@regﬁg'a@&th 1 f5Rin SPRL RLE] figim, t he cl u-omophor es
in the near r égi on are the arondtic amno acids, i.e.

t rypt ophan, 2t yroAé“Fl L4érr?60°ﬂﬂlilé1r?}?‘llhoélle§alﬁlnﬂ§LA%([nd the disul fi de bonds, and the

CD effect occur gnhwhesr am@t % e VOR0G, rr@smaﬁﬁn RS ERA brelgbnettbd SR | C

(buried) enviro nals inth fro

SeLr bar abl B0 SRR SR HEosBe Hhatr Ot i  Todi S RonIRe e

at t ri but@bl ecthad (8lyAMd}5 hstlescribwidn UR Bgent No 0ni22.86%;300 Pabhicatiod Nat WO BRsH] e t o
tryptophan.. Desil fj 4 ;I%EOCWJ?zdz?ca%\;‘ée i 98 A8 %4921‘39@‘3%%1%9@9& ﬁn%pr oughout
t he near-U\/aspec trum spectrumc e sensitive To small
changes i n egtvirging aatbpdietaimeresues la@phqqﬁgseie@tfé friow apy g ef the Provnieeh

interacti Onaﬁurﬁaﬁkdfe@hb&lhﬁ%% AN Ja&fv@yhﬁgdr&ﬂed%ﬂghﬂdnﬁébﬁ -specific hem(;[ﬁfaer € are a
nunber of other factors that can.in ectra of t|c am no

enc
aci ds. AmpriPRHEE. wieEn pqjntig Pl SHP glPUt“h%r apfFaé‘F‘Eﬁt Hierepiph C?L}l?g Hat ure of
hydr ogers boshehpm@i,bl(andelBS(l@a1|nmramacds|bmna alxeiswiete iewtdy bioglScells MBEdrd@e am no
aci ds. Addit tei.n t ds can
have smal | er ol 16%W¥h Sspecdpeltytf%% é Eoelllﬁ‘glél o #{)g%onf) Patnhéoldﬁ Secretm%/eeu%(%ld negative
bands. intereRy ieasfyt gnd lightrghadn edripblelicgioy z@élAa ¢ ioschdalgrogietl¢ qedebyfroversal at i on('s)

at 1 ng/m t?a'ﬂg:rl seE{%@J‘(R@@CRE N0 34 HRR rcan%ﬁleg'bg‘g)%régﬁh%{hp céhted@iCO 800 CD
spectroneter. e corr%igondl ng fornmul ation without protein is also scanned

and the rea"d’Pli‘?@?“‘slﬁlﬁlﬂiP B PRGH TEHARS (0F- VHan QB elopphd Prevdienhesbl ut i on.
A near /- GRISpPRERI@EDS & CHDled. Tob hdmdea{traﬁilsﬂsdte}ﬂtwnhlﬂielaﬁ@hﬁ/ﬁﬁﬁm&no‘gﬁmhengt h

from 250 or 240 5t.o or ,anti bod ear UV-CD
Cpont om wi efieBeR 4R B Forh i setgaeg AT B RS E Ry Qe HRRRE By Bl V0 S

f ol di ng whidelgctan il atrd, & eanmlelbes@nﬁlgatem@ﬂsctpd ofls foasolafrdeibakmsssiag gr eat er

tendency thnHﬂHd%LQDL@QW% flﬁéthngndg%bﬁﬁ%&ﬁlb&Eseﬁnﬁ’& Ea*ﬂ vIRQ k@R, 11ty while
poor folding exposes the hobi c i nterior which | ead to hydrophobic

i nt eract i oné"afMsAgs Prioriep h%ﬁw B8 MEHPG SIFF-IPTEre P@% Pybbieaiig NonVof

undesi r gd aggzgeg&h@BCTﬂﬁGcaTs@h&lmeo/smn The thermal stability of the
anti bodi es yas C i nstrunment e DSC i nstrunment used was
an aut onat ed VP%%@%&?OB%%%%%@ es(fﬁﬁliglrf‘lﬁ??w@]map(M crocal, GE Healthcare
Ltd./ M crocal, Buckinghanshire, UK). Unfolding of nolecules was studied
appl yi ng 15a 1C/ minute scan rate over a 25C - 95C tenperature range for
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fitting period of 16 seconds, a pre-scan wait tinme of 10 m nutes, and
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Anti body solutions at 1 ng/m in the desired fornulation(s) are frozen at
-80C for at |least 4 hours and are then thawed at 30C in a water bath. The
sol uti on WO 20hiems%eef r ozen at -80C. This is repeated for PETaEe10547086 t er
certain freeze-thaw cycles, e.g., second and fourth, a portion of the
solution may be w thdrawn for analysis by SEC before refreezing.
Freeze-thaw stability 20testing is done at |ow protein concentration in

order obtain a "MHoSer &BS@mSE SNAE inQant N& L aﬂfbgea&s% &m&alﬂp EniifniAHQt ei n
nol ecul es to the denpaturi n% i ce-wat i nt erfaces. uhﬂ??léger concentratl ons,

propor t i onaloPyUPEeIg; g ngi‘sﬁgl&lj)lrlfglpg h¢ prgnap gpmyagla e P st ead

i nt er act i NGantgdnh Inot Jagérrep I’eﬁb(ﬁﬂrﬁenﬂ'ﬂﬂe e@ruha&n adeled anM@MossabnrhnsggchEt hod.
25Ant i body sol utions at nyst int he desir.ed forplé ﬁltl 0 n(1 % passed

t hrough 0. ﬂow%albi?éﬁe‘fr?dﬂ?%?s TERGEECTPRIT FEC SBRUT T CORS Mk TR “8%8‘8“&1 at 40C
and/ or 5DC Pborndt ddfie@stin Bdusclayigody Atodvctidaye.arpd G2&n diay syatab Gepeadss7: ds-e

Wi thdr awn UﬂQ?d94)3£n§Us'P§teﬁ2\§QSbi60ﬁ§ 5@395@3“%@%?% %92@1%%51'8% %1, 8HC:

Solutions are then return t'o i ncubati on. neration and

| sol ati on ofl1AAPE: 219L% B 0RRHexse NS dl forRletionas b"(‘S@Pé@WgB %984@\&6@2 3Pby
PROf usi on nggNAodg sio) %xsﬁsscwmdsﬂgw Wsiqamm@s;sgmamde odisspl ayot echnol ogy

(see, Chung-M ng Hsieh et al @ rf?f; ﬁllcatlon Publ i cati on No.

2010/ 009910%95530 o8Ol WA FP B354 %ﬁ% MESRE CARTISBHETOLF BPdiFes wer e
sel ect eth Seatlaﬂulfl(ﬂddrhdlﬁaragﬁcl’tﬂﬁof Bl Auradatahigheiss, anliQOneihds bhttd-fpetiAbiginad human
DLL4 extracel I rral n 2 m xture o

oot el mncrati TR S SR M it becn sk M R EY 0% AL abel ed
nouse DLL4 texiiunag edtivodyaepedanabrough imomaidti@) of nik@Dasa Mzdi, gdrininel caldeletbnhuman DLL4
extracel | ul . t

o011 oob0os e mEhT ot Bobagst @%g“é‘g%?%%%g‘ AR o5 SRR o g1 e

bi ot i n- | abePedidufaitodit 49 rese end JalFOéPVl‘édnﬁipnM€4»dl§$}d8%)‘95 (BREBteel | s stably

expressing Jiéé[@tﬂes@)@@hﬁpﬁ§ﬁer%-%m@5@t@@@r@eren@Oth Al0 and E9 were identified
fromthe round 7 selecti on the anti bodg | ibraries lgTabI e 4). Wen

const ruct ed*i n TPy S RATAIRTYRpEeS usiog &30t BHAOREEOAG. 1 and EO. 1,
respectively. 5 iabbeec#lodsARd taanhhséd BRGkeigi @rnlehésloythHimmnoﬂlwﬂqérbiﬁdly Cl ones E9

D o) oA b OLIRLLPN (S DU SL A (RS @ L A LR AR,

under | ining our ce egi'on equen
1234567890 mgh@smg@h E@eeﬁmaafrre@ylhm m@edyﬁmrag@l are Wﬁl_l(k)(?wn Helap3a  2354) VH
VHA- 39 RVQLEERIGREMINSETbealin, Té DVRESU SPRRY MYEIR409 (Ladner et al.); PCT
Publication No. WO 92/18619 (Kang et al.); PCT Publication No. WO 91/17271 (Dower et al.);
PCT Publication No. WO 92/20791 (Winter et al.); PCT Publication No. WO 92/15679
(Markland et al.); PCT Publication No. WO 93/01288 (Breitling et al.); PCT Publication No. WO
92/01047 (McCafferty et al.); PCT Publication No. WO 92/09690 (Garrard et al.); Fuchs et al.,
25  Bio/Technology, 9: 1369-1372 (1991); Hay et al., Hum. Antibod. Hybridomas, 3: 81-85 (1992);
Huse et al., Science, 246: 1275-1281 (1989); McCafferty et al., Nature, 348: 552-554 (1990);
Griffiths et al., EMBO J., 12: 725-734 (1993); Hawkins et al., J. Mol. Biol., 226: 889-896 (1992);
Clackson et al., Nature, 352: 624-628 (1991); Gram et al., Proc. Natl. Acad. Sci. USA, 89: 3576-
3580 (1992); Garrard et al., Bio/Technology, 9: 1373-1377 (1991), Hoogenboom et al., Nucl.
30 Acids Res., 19:4133-4137 (1991); Barbas et al., Proc. Natl. Acad. Sci. US4, 88: 7978-7982
(1991); US Patent Application Publication No. 2003/0186374; and PCT Publication No. WO
97/29131, the contents of each of which are incorporated herein by reference.
The recombinant antibody library may be from a subject immunized with DLL4, or a
portion of DLL4. Alternatively, the recombinant antibody library may be from a naive subject,
35  1ie., one who has not been immunized with DLL4, such as a human antibody library from a

human subject who has not been immunized with human DLL4. Antibodies of the invention are
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QPPGKGEEW CDI YYTGSTY YNPSLKSRVTI SVDTSKNQF SLKLSSVTAADTAVYYCARE

DVI LRGGSDYWEQGTLVTVS S(SEQ I D NO 1) VL V2-1 SYELTQPPSVSVSPGQTASI
TCSGRRL COKUABMMREIPG QSPVLVI YEDSKRPSG PER FSGBNBEST001041086T QPM
DEADYYCQAVWDRDTGVFGYG

10

15

20

25

30

35

selected by screening the recombinant antibody library with the peptide comprising human DLL4
to thereby select those antibodies that recognize DLL4. Methods for conducting such screening
and selection are well known in the art, such as described in the references in the preceding
paragraph. To select antibodies of the invention having particular binding affinities for DLL4,
such as those that dissociate from human DLL4 with a particular K.g rate constant, the art-known
method of surface plasmon resonance can be used to select antibodies having the desired Ky rate
constant. To select antibodies of the invention having a particular neutralizing activity for
hDLLA4, such as those with a particular ICs, standard methods known in the art for assessing the
inhibition of DLL4 activity may be used.

In one aspect, the invention pertains to an isolated antibody, or an antigen-binding portion
thereof, that binds human DLL4. Preferably, the antibody is a neutralizing antibody. In various
embodiments, the antibody is a recombinant antibody or a monoclonal antibody.

For example, the antibodies of the present invention can also be generated using various phage
display methods known in the art. In phage display methods, functional antibody domains are
displayed on the surface of phage particles which carry the polynucleotide sequences encoding
them. Such phage can be utilized to display antigen-binding domains expressed from a repertoire
or combinatorial antibody library (e.g., human or murine). Phage expressing an antigen binding
domain that binds the antigen of interest can be selected or identified with antigen, e.g., using
labeled antigen or antigen bound or captured to a solid surface or bead. Phage used in these
methods are typically filamentous phage including fd and M13 binding domains expressed from
phage with Fab, Fv, or disulfide stabilized Fv antibody domains recombinantly fused to either the
phage gene III or gene VIII protein. Examples of phage display methods that can be used to make
the antibodies of the present invention include those disclosed in Brinkmann et al., J. Immunol.
Methods, 182: 41-50 (1995); Ames et al., J. Immunol. Methods, 184:177-186 (1995);
Kettleborough et al., Eur. J. Immunol., 24: 952-958 (1994); Persic et al., Gene, 187: 9-18 (1997);,
Burton et al., Advances in Immunology, 57: 191-280 (1994); PCT Publication No. WO 92/01047;
PCT Publication Nos. WO 90/02809; WO 91/10737; WO 92/01047; WO 92/18619; WO
93/11236; WO 95/15982; WO 95/20401; and US Patent Nos. 5,698,426; 5,223,409; 5,403,484;
5,580,717; 5,427,908; 5,750,753; 5,821,047; 5,571,698; 5,427,908; 5,516,637; 5,780,225;
5,658,727; 5,733,743; and 5,969,108; each of which is incorporated herein by reference in its
entirety.

As described in the above references, after phage selection, the antibody coding regions
from the phage can be isolated and used to generate whole antibodies including human antibodies
or any other desired antigen binding fragment, and expressed in any desired host, including
mammalian cells, insect cells, plant cells, yeast, and bacteria, e.g., as described in detail below.
For example, techniques to recombinantly produce Fab, Fab', and F(ab")2 fragments can also be

employed using methods known in the art such as those disclosed in PCT publication No. WO
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TRVTVL(SEQ I D NO: 111) A10 Human Spleen hul gG: VL(X), VH(L234, 235A) VH
VH3- 30 EVQLLESGGGLVKSGGSLRL SCAASGFTFRSHWBVW/RQA PGKGLEW/AI | SYDGSNKYS
ADSVKGRFTW GRDNSBIBIBIL Y LQLNSLRAEDTAVYYCAKAG GGNVGFDI WCOEERMTNSB06

(SEQ D NO 112) VL V2-1 LPVLTQPPSVSVSPGQTASI TCSADKLGTKYVSWQQKPG

92/22324; Mullinax et al., BioTechniques, 12(6): 864-869 (1992); Sawai et al., Am. J. Reprod.
Immunol., 34: 26-34 (1995); and Better et al., Science, 240: 1041-1043 (1988) (said references
incorporated by reference in their entireties). Examples of techniques which can be used to
produce single-chain Fvs and antibodies include those described in US Patent No. 4,946,778 and

5 5,258,498; Huston et al., Methods in Enzymology, 203: 46-88 (1991); Shu et al., Proc. Natl. Acad.
Sci. USA, 90: 7995-7999 (1993); and Skerra et al., Science, 240: 1038-1041 (1988).

Alternative to screening of recombinant antibody libraries by phage display, other
methodologies known in the art for screening large combinatorial libraries can be applied to the
identification of antibodies of the invention. One type of alternative expression system is one in

10 which the recombinant antibody library is expressed as RNA-protein fusions, as described in PCT
Publication No. WO 98/31700 (Szostak and Roberts), and in Roberts and Szostak, Proc. Natl.
Acad. Sci. USA, 94:12297-12302 (1997). In this system, a covalent fusion is created between an
mRNA and the peptide or protein that it encodes by in vitro translation of synthetic mRNAs that
carry puromycin, a peptidyl acceptor antibiotic, at their 3' end. Thus, a specific mRNA can be

15  enriched from a complex mixture of mRNAS (e.g., a combinatorial library) based on the
properties of the encoded peptide or protein, e.g., antibody, or portion thereof, such as binding of
the antibody, or portion thereof, to the dual specificity antigen. Nucleic acid sequences encoding
antibodies, or portions thereof, recovered from screening of such libraries can be expressed by
recombinant means as described above (e.g., in mammalian host cells) and, moreover, can be

20 subjected to further affinity maturation by either additional rounds of screening of mRNA-peptide
fusions in which mutations have been introduced into the originally selected sequence(s), or by
other methods for affinity maturation in vitro of recombinant antibodies, as described above. A
preferred example of this methodology, is the PROfusion display technology employed in the
Examples (infra).

25 In another approach the antibodies of the present invention can also be generated using
yeast display methods known in the art. In yeast display methods, genetic methods are used to
tether antibody domains to the yeast cell wall and display them on the surface of yeast. In
particular, such yeast can be utilized to display antigen-binding domains expressed from a
repertoire or combinatorial antibody library (e. g., human or murine). Examples of yeast display

30  methods that can be used to make the antibodies of the present invention include those disclosed
in US Patent No. 6,699,658 (Wittrup et al.) incorporated herein by reference.

B. Production of recombinant DLL4 antibodies

Antibodies of the present invention may be produced by any of a number of techniques
known in the art. For example, expression from host cells, wherein expression vector(s) encoding

35  the heavy and light chains is (are) transfected into a host cell by standard techniques. The various
forms of the term "transfection" are intended to encompass a wide variety of techniques

commonly used for the introduction of exogenous DNA into a prokaryotic or eukaryotic host cell,
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QSPVLVI YQDAKRPSA PER FSGSNSGNTATLTI SGTQTM DEADYL CQSVWDRSDVVFGGEG
TKVTVL(SEQ I D NGO 113) Exanple 3: In Vitro Characterization of PRO usion
Ant i bodi es0Bf8112n®6A10. 10The DLL4 anti gen bi ndi ng affi niPCiras2410/04986 and A10
were determ ned by the BI ACORE technol ogy as described in Exanple 1.1. As
shown in Table 5, below, E9 and A10 have simlar equilibriumdissociation
const ant val ues agai nst human DLL4 (KD of 3.36 and 6.68 nM respectively)

and cynonol gus|dmips@aonDbachml-Hasfite fredpidibh, PEREMirah @8RGl ¥&] M 1ikeE9 al so
nouse and rat DL Esg)?t of 16, and,ﬁS n r,eslpectlvel y) .

cross-reacts wth . 4
VD 2011 02558HHTY LBIT0 A OE TIPS, U8 AE P el FRP PR Y hnt i - DLLS
PRCF usi on Ankdrjoid h@scells, Kkpi@tibc aatiboBisae eukerydidlrelsuDhrbfdratiCncyioso DLL4 ECD
mubLL4 ECD ﬂrgfgr%‘lé‘ 1% nE%%alie!%%oﬁgelﬁ%m%%selggchl%%allﬁy%ﬁg ((,jellt< Qn(ﬁ% p@cular mammalian
5 cells) are more likely than prokaryotic cells to assemble and secrete a properly folded and
immunologically active antibody.

Preferred mammalian host cells for expressing the recombinant antibodies of the
invention include Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells, described in
Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, T77: 4216-4220 (1980), used with a DHFR

10 selectable marker, e.g., as described in Kaufman and Sharp, J. Mol. Biol., 159: 601-621 (1982),
NSO myeloma cells, COS cells, and SP2 cells. When recombinant expression vectors encoding
antibody genes are introduced into mammalian host cells, the antibodies are produced by
culturing the host cells for a period of time sufficient to allow for expression of the antibody in the
host cells or, more preferably, secretion of the antibody into the culture medium in which the host

15  cells are grown. Antibodies can be recovered from the culture medium using standard protein
purification methods.

Host cells can also be used to produce functional antibody fragments, such as Fab
fragments or scFv molecules. It will be understood that variations on the above procedure are
within the scope of the present invention. For example, it may be desirable to transfect a host cell

20 with DNA encoding functional fragments of either the light chain and/or the heavy chain of an
antibody of this invention. Recombinant DNA technology may also be used to remove some, or
all, of the DNA encoding either or both of the light and heavy chains that is not necessary for
binding to the antigens of interest. The molecules expressed from such truncated DNA molecules
are also encompassed by the antibodies of the invention. In addition, bifunctional antibodies may

25  be produced in which one heavy and one light chain are an antibody of the invention and the other
heavy and light chain are specific for an antigen other than the antigens of interest by crosslinking
an antibody of the invention to a second antibody by standard chemical crosslinking methods.

In a preferred system for recombinant expression of an antibody, or antigen-binding
portion thereof, of the invention, a recombinant expression vector encoding both the antibody

30  heavy chain and the antibody light chain is introduced into dhfr- CHO cells by calcium
phosphate-mediated transfection. Within the recombinant expression vector, the antibody heavy
and light chain genes are each operatively linked to CMV enhancer/AAMLP promoter regulatory
elements to drive high levels of transcription of the genes. The recombinant expression vector
also carries a DHFR gene, which allows for selection of CHO cells that have been transfected

35  with the vector using methotrexate selection/amplification. The selected transformant host cells
are cultured to allow for expression of the antibody heavy and light chains and intact antibody is

recovered from the culture medium. Standard molecular biology techniques are used to prepare
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the recombinant expression vector, transfect the host cells, select for transformants, culture the
host cells and recover the antibody from the culture medium. Still further the invention provides
a method of synthesizing a recombinant antibody of the invention by culturing a host cell of the
invention in a suitable culture medium until a recombinant antibody of the invention is

5  synthesized. The method can further comprise isolating the recombinant antibody from the
culture medium.
L. Anti-DLL4 antibodies.

Amino acid sequences of VH and VL regions of isolated fully human antibodies that bind

human DLL4 are shown for clones E9 and A10 in Table 4 (See, Examples, below). The isolated

10 anti-DLL4 antibody CDR sequences of the E9 and A10 antibodies establish two novel families of
DLL4 binding proteins, isolated in accordance with this invention, and comprising polypeptides
that include the CDR sequences derived from E9 and affinity matured clones thereof or derived
from A10 and affinity matured clones thereof. The variable regions and CDRs of the E9
monoclonal antibody and affinity matured derivatives thereof are listed in Tables 4, 8, 14, 18, and

15 19. The variable regions and CDRs of the A10 monoclonal antibody and affinity matured
derivatives thereof are listed in Table 4, 9, and 10. To generate and to select CDRs for binding
proteins according to the invention having preferred DLL4 binding and/or neutralizing activity
with respect to human DLL4, standard methods known in the art for generating binding proteins
of the present invention and assessing the DLL4 binding and/or neutralizing characteristics of

20  those binding protein may be used, including but not limited to those specifically described
herein.

Based on an alignment of the amino acid sequences of the CDRs of the heavy chain
variable regions (VH) and the light chain variable regions (VL) of the anti-DLL4 antibody E9
clones described herein, the invention provides a DLL4 binding protein comprising an antigen

25  binding domain capable of binding human DLL4, said antigen binding domain comprising at least
one or more CDRs selected from the group consisting of:
CDR-H1: Xi- X5 - X5- X4~ X5- Xe- X7 (SEQ ID NO:99), wherein;
X;is SorN;
X,18 S,GorN;
30 X318 S,N, T, GorR;
X;18Y;
Xs5is Y or H;
X 1s W; and
X;18 G;
35 CDR-H2: Xi- Xo- X3-X4- Xs5- Xe- X7- Xg— Xo- Xqo— X1 — Xz — X3 — Xys— Xi5— X6
(SEQ ID NO:100), wherein;
X;is D;

67



E+04 E-04 MAb = nmonoc onal antibody; E = nultiply by 10 to indicated
exponent; Ka (M1ls-1); Kd (S-1); KD (nM; NB = no binding (900 nM DLL4)
5Ant i bodywearmilgemehi ndi ng activity was al so eval uat ed ugCcm@SEMbS84/0and FACS
based assays (described in Exanple 1.2, 1.3 and EC50 val ues reported in
Table 3). In addition to binding to reconbi nant DLL4 extracel | ul ar domain
(ECD), E9 and A10 can both bind DLL4 expressed at cell surface (Table 6).
The ability of the amtispodies to block DLL4 interaction with its receptor
Not chl was 10assessed with ELI SA and FACS based conpetition assays as
described in Exanpl e®1%4>-8n¥>1.5. As shown in Table 6, E9 and AlD
efficiently bl ocked XhsY;nteraction of Notchl wth DLL4 (ECD and cel |l - bound
form. In addition, gielslT-ﬁa&eI\ds%r nctional assays were devel oped to further
determine the ability of 'thée antibodies to neutralize DLL4-nedi at ed
cellularSactivity inXyist®o (as described in Exanples 1.6 and 1.7). Both E9
and A10 i nhi bited DLk4iisnduegd;;Not ch activation 15and sVEGFRL expression in
EA hy926 cells (Table 6). Table 6. PRO usion DLL4 antibody in vitro
potency. Direct Bindffid>Assays Functional Bl ockade Assays MAb Capture

ELI SA (EC50, nM FACS,{sE¢50, nM Conpetition ELISA (1C50, nM Conpetition
FACS (1 C50, nM sVEC%RllS*nhi bition (1C50, nM Inhibition of Notch
activation via huDLLZ4"cef1s, coculture (1C50, nM DLL4 ECD DLL4 Cells DLL4
ECD/ 10 XlliSN;

X118 P;
X318 S;
X418 L;
X518 K; and

15 X618 S, N, D or G;

CDR-H 3: Xi- X5 - X5- Xy~ Xs5- K- X7 — Xg— Xo- Xj0— X511 (SEQ ID NO:101), wherein;

XiisE, Y,F,Q, W, L, or A;
X,i1sD, A, S, G, V,EorN;
X3is V,M,L,P,or A;

20 X4isLA PR, S,K,Q,V,G,MorE;
Xs5isL,Y,ForM;
XsisR,G,S,Qor A
X;18 G;
Xgis G, AorS;

25 Xois S, A, L, V,RorG;
Xio1s D; and
XuisY,D,S,N,H,E,R,L,P,C,IM, T, Q,or K;

CDR-L1: Xi- X5 - X5- Xy - Xs- K- X7 - Xg— Xo- Xyo— X1 (SEQ ID NO:102), wherein;

X;is S;

30 X, 18 G;
X;isQ,EorD;
X;i18R,S,G,M,K, LorT;
XsisL;
Xes1s G;

35 Xsis Dor E;
Xzis K;
XoisY;
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Xi0iS A or V; and
X118 S;
CDR-L2: Xi- X5 - X5- X4- X5- Xe- X7 (SEQ ID NO:103), wherein;
Xjis Eor Q;
5 X,18 D;
X3isS,L, T, A,EorF;
X4isK, T,E,N, Q, S, or M;
X518 R;
Xeis P; and
10 X718 S;
and
CDR-L3: Xi- X5 - X35- Xy~ Xs5- X~ X7- Xg— Xo (SEQ ID NO:104), wherein;
Xi1is Q;
X, 18 A;
15 X318 W;
X,;18 D;
Xs5i1sR, S, M, E, N, G,orK;
XgisDorE
X518 T, V, A, SorM;
20 Xgis G, A or C; and
Xo1s V.

Preferably, a DLL4 binding protein comprising one or more CDRs described above binds
human ("hu", "h") DLL4 and also one or more DLL4 proteins selected from the group consisting
of: mouse ("murine", "mu") DLL4, cynomolgus monkey ("cynomolgus", "cyno") DLL4, and rat

25 DLLA.

Based on an alignment of the amino acid sequences of the CDRs of the heavy chain
variable regions (VH) and the light chain variable regions (VL) of the anti-DLL4 antibody A10
clones described herein, the invention provides a DLL4 binding protein comprising an antigen
binding domain capable of binding human DLLA4, said antigen binding domain comprising at least

30  one or more CDRs selected from the group consisting of:
CDR-H1: Xi- X5 - X5- X4- X5 (SEQ ID NO: 105), wherein;
X;i8 S, N, or D;
X,isHorY;
X318 W;
35 X418 M; and
Xs1s S or H;
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- 1.5- 7.3 MAb = nonoclonal antibody; hu = human; nmu = nurine; cyno =
cynonol gus nonkey Exanple 4: Affinity Maturation of PRCO usion Antibodies E9
and A10. WO 2025l 4 E9 Affinity Maturation. Se®aEISe0 10U YNEEN'
showed that the DLL4 anti body E9 shares the highest identity to human

germ ines VH4-39/JH4 and V2-1/JL6. To inprove the affinity of E9 to DLL4,
hyper mut at ed CDR resi dues were identified fromother human anti body
sequences i¢prfe: | gBRAXT - stat-abasext hat xal goxghan ed high- kdert,L txy 0,
germines VH4-39 and V2-1. The c%rr,ejspondi ng E9 CDR residues were then

subj ected to |inited SR RJEHELEFPCR with priners having | ow degener acy
at these positions t& srndatvothiree antibody libraries in the scFv fornmat
suitable for use an gffinity maturation procedure. The first library

contai ned nutations at residues 530, 31, 32, 33, 50, 54, 56, and 65 in the
VH CDR1 @and 2 (Kabat Xaibering); the second library at residues 95 to 100,
100a, 100b, 100c, ang, 62ni§ /M, €PR3;pand the third library at residues 27,
30, 31, 33, 52, 53, 93 t0 96 in the three VL CDRs. To further increase the
identity of E9 to th&Hihman gernline framework sequences, an Arg at VL
position 103 was nutatedi;to a Lys and a binary degeneracy at VL positions
80 (A/P) and 100 (9Y). introduced into the third 10library (Table
7). Table 7. Mutati o%)éls}gﬁﬁ’l'—f?’%gﬁaﬁ’dﬂ L Amino Acid Sequences for Affinity
Mat ur at ibn. Mut at ed EQisVHYSaduedice (SEQ I D NGO 114):

EVQLQESGPGL VKPSETL SLTCTYSHEGR! S5V RRPPGKGLEW GDI YYTGSTYY NNGNSN N N G
NTLAT R G G NPSLKSRVTI SVDTSKNQFSLKLSSVTAADTAVYYCAREDVI LRGGSDYWGEQGTLVTVSS
YAMAYGGAA D FSLPFS SEig GAEPRVE V N WSA RH LE K AN Q V Mutated E9 VL
Sequence (SEQ I D NO k159SorY;

SYELTQPPSVSVSPGQTASI ggs CDKYASWYQQKPGQSPVLVI YEDSKRPSA PER ES E VQ LT
DGTE AN EQ FS FSGSNSGHTATLTI SGTQPMDEADYYCQAWDRDTGVEGYGTRVTVL ASEVA S K M AC
ES NM 15 These E@idDbraries were transfornmed into cells and di spl ayed
on cell surfaces to ke ;selected against a | ow concentration of biotinylated
DLL4 extracel lul ar domain by magnetic then fluorescence activated cell
sorting (FACS). Sel eétsio¥s for inproved on-rate, off-rate, or both were
S5carried out and ant ixhqgy: qa8 ot ei n sequences of affinity-nodul ated E9 cl ones
(Tabl e 8) were recovered for converting back to 1gG format for further
characterization. Tabl’d®® Protein sequences of anti body clones identified
from af £4 ni CYR-AAL ur aki-00 - Ki Dr.as €5 -Xor XanKi- XRUEEQ AMNODHOTy whk®ein; 10 Affinity
Mat ur ed Cl ones: Heav&ﬂg:@i n (VH Regions E9.4

X,18 G, A, orR;
X518 G;
X418 G, S, or A;

25 X518 N;
X¢is V or M;
X;18 G;
XgisF,L, Y, or M;
Xy is D; and

30 Xpis1, S,orL;

CDR-L1: Xi- X5 - X5- Xy - Xs- K- X7 - Xg— Xo- Xyo— X141 (SEQ ID NO:108), wherein;

X;is S;
X, 18 A or G;
X318 D;

35 X4isK,N,L,Q, M, E, S, T, G, or D;
XsisL;
Xes1s G;
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EVQLQESGPGLVKPSETLSLTCTVSGGS! SSSSYYWGW RQPPGKGLEW GDI YY
TGSTYYNPSLKSRVTI SVDTSKNQFSLKL SSVTAADTAVYYCARYDVSLGGSSDH WGQGTLVTVSS ( SEQ | D
NO 116) VEDROIGDRB4CDR3 SSSYYWG (SEQ D NO 117) DI YYTGSPYYNBSUKS4(0BEQ | D
NO 118) YDVSLGGSSDH ( SEQ D NO 119) E9. 11

EVQLQESGPGLVKPSETLSLTCTVSGGS! SSSSYYWGW RQPPGKGLEW GDI YY

TGSTYYNPSLKSRVTI SVDTSKNQFSLKL SSVTAADTAVYYCAREAVPLGGGSDY WGQGTLVTVSS (SEQ | D
NO 120) CDR1 CDR2 CRRRT, S3EXYMGESEQ D NO: 121) DI YYTGSTYYNPSLKS ( SEQ I D
NO 122) EAVPLGGGSDY %W%D NO. 123) E9. 14

EVQL QESGPGLVKPSETL SL RS BRSRYHWEW RQSPGKGLEW GDI YY

TGSTYYNPSLKSRVTI SVDTSKNGESLKL SSVTAEDTAVYYCAREDVI LRGGSDY WGQGTLVTVSS ( SEQ | D
NO 124) CDRl CDR2 C?Q%d]% YHWG (SEQ | D NG 125) DI YYTGSTYYNPSLKS (SEQ I D

NG 126) EDVI LRGGSDY 127)
5 XlliS S;

CDR-L2: Xi- X5 - X5- X4- X5- Xe- X7 (SEQ ID NO:109), wherein;
Xi1is Q;
X,is D;
X318 A, G, W, S, or D;
10 X4isK,M,Q,N,L, T, I, or E;
X518 R;
Xeis P; and
X718 S;
and
15 CDR-L3: Xi- X5 - X35- Xy~ X5- X~ X7- Xg— X (SEQ ID NO:110), wherein;
Xi1is Q;
X,is Sor A;
X318 W;
X,;18 D;
20 Xs518R,S,Q,P, A, V, W, or M;
Xeis S, G, N,R,or T
X;1is D or G;
Xzis V, A, P, or E; and
Xo1s V.
25 Preferably, a DLL4 binding protein comprising one or more CDRs described above binds
human ("hu") DLL4 and also cynomolgus monkey ("cynomolgus", "cyno") DLLA4.
2. Anti-DLL4 chimeric antibodies.
A chimeric antibody is a molecule in which different portions of the antibody are derived
from different animal species, such as antibodies having a variable region derived from a murine
30  monoclonal antibody and a human immunoglobulin constant region. See e.g., Morrison, Science,
229: 1202-1207 (1985); O1i et al., BioTechniques, 4: 214 (1986); Gillies et al., J. Immunol.
Methods, 125: 191-202 (1989); US Patent Nos. 5,807,715; 4,816,567; and 4,816,397, which are
mcorporated herein by reference in their entireties. In addition, techniques developed for the
production of "chimeric antibodies" by splicing genes from a mouse antibody molecule of
35  appropriate antigen specificity together with genes from a human antibody molecule of

appropriate biological activity can be used. See, for example, Morrison et al., Proc. Natl. Acad.
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E9. 17 EVQLQESGPGLVKPSETLSLTCTVSGGS! SSSSYYWGW RQPPGKGLEW GDI YY
TGSTYYNPSLKSRVTI SVDTSKNQFSLKL SSVTAADTAVYYCAREEAI LGGGSDY WGQGTLVTVSS (SEQ | D
NO 128) WDRMIGDRZB4CDR3 SSSYYWG (SEQ D NO 129) DI YYTGSPYYNRSUKS4706EQ | D
NO 130) EEAI LGGGSDY (SEQ D NO 131) E9. 18

EVQLQESGPGLVKPSETLSL TCTVSGGS! SSSGYYWGW RQPPGKGLEW GDI NY

AGSTYYNPSLKSRVTI SVDTSKNQFSL KL SSVTAADTAVYYCAREDVI LRGGSDY WGQGTLVTVSS (SEQ | D

NO 132) CDBJU@&RZ 635R3g 55 PRYMGLERER 41 DviNe, 53 3)60Pb MYASSHI Y¥INESLKS (SEQ I D
NO 134) EDVIL

135
EVQL QESGPGLAAES E%%@é%&w%gwmmf@ﬁﬁ {pyheir entireties.
TGSTYYNPSL KSRVT | ASVID SKNOQRSrdle SSWBARIT AVYYCARFDVSLGGEGSDT WEQGTLVTVSS (SEQ |1 D

NG 136) CDRL T%lat%—DLL4 antibody CDR sequences of the invention may be used to make
5  CDR-grafted antibodies to modulate the properties of the original antibody. Such properties
mclude but are not limited to binding kinetics, affinity, biological activities, species cross-
reactivity, molecule cross-reactivity, epitope, physicochemical properties, pharmacokinetic
properties, pharmacodynamic properties, or pharmacological properties. CDR-grafted antibodies
comprise heavy and light chain variable region sequences from a human antibody or a non-human
10 primate antibody wherein one or more of the CDR regions of VH and/or VL are replaced with
CDR sequences of the original anti-DLL4 antibody. A framework sequence from any human or
non-human primate antibody may serve as the template for CDR grafting. However, straight
chain replacement onto such a framework often leads to some loss of binding affinity to the
antigen. The more homologous a human, or other species, antibody is to the original human
15  antibody, the less likely the possibility that combining the CDRs with the new human framework
or non-human primate framework will introduce distortions in the CDRs that could reduce
affinity or other properties. Therefore, it is preferable that the variable framework that is chosen
to replace the human variable region framework apart from the CDRs has at least a 30% sequence
identity with the human antibody variable region framework. It is more preferable that the
20  variable region framework that is chosen to replace the human variable region framework apart
from the CDRs has at least a 40% sequence identity with the human antibody variable region
framework. It is more preferable that the variable region framework that is chosen to replace the
human variable framework apart from the CDRs has at least a 50% sequence identity with the
human antibody variable region framework. It is more preferable that the variable region
25  framework that is chosen to replace the human variable framework apart from the CDRs has at
least a 60% sequence identity with the human antibody variable region framework. It is more
preferable that the new human or non-human primate and the original human variable region
framework apart from the CDRs has at least 70% sequence identity. It is even more preferable
that the new human or non-human primate and the original human variable region framework
30 apart from the CDRs has at least 75% sequence identity. It is most preferable that the new human
or non-human primate and the original human variable region framework apart from the CDRs
has at least 80% sequence identity. Even using a highly homologous human or non-human
primate framework to graft CDRs of the original human anti-DLL4 antibody, the resulting grafted
antibody may still lose binding affinity to antigen to some degree. In this case, to regain the
35  affinity it is necessary to include at least one or more key framework residue(s) substitution of the
original antibody to the corresponding position of the newly grafted antibody. Such a key residue

may be selected from the group consisting of:
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SSSYYWG (SEQ | D NO 137) DI YYTGSTYYNPSLKS (SEQ | D NO: 138) FDVSLGGGSDT ( SEQ D
NO: 139) E922 EVQLQESGPGLVKPSETLSLTCTVSGGS! SNSRYHWGAN RQPPGKGLEW GDI YY
TGSTYYNPSKECGRMTISDT SKNQFSL KL SSVTAADTAVYYCAREDVI L RGGSDY POBQSTLIVIYSSs ( SEQ | D
NO 140) CDRL CDR2 CDR3 NSRYHWG ( SEQ D NO 141) DI YYTGSTYYNPSLKG ( SEQ | D
NO 142) EDVI LRGGSDY (SEQ D NO 143) E9. 48

EVQLQESGPGLVKPSETLSLTCTVSGGS! SSSGYYWBW RQPPGKGLEW GDI NY

RGSTYYNPSLKSRVTI SVDT SKNGRSLKLSSYTAMRTAVYYCAREDVI LRGGSDY WGQGTLVTVSS (SEQ | D
NO 144) CDRL CDR2 cogé SGYYWG ( SEQ I D NO 145) DI NYRGSTYYNPSLKS (SEQ I D
NO 146) EDVI LRGGSDY {SEXIFNOMAFNS " E9. 65

EVQLQESGPGL VKPSETL SLTGRVE@EES RNSRYHWGW RQPPGKGLEW GDI YY

LCOSHZS\JPSL KGRVTI SVDT SKNGESL KL SSYTAADTAVYY GAREDY! LRGGSDY WEQGTLVTVSS (SEQ |1 D

5 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
10 chain CDRI1 and a Kabat-defined first heavy chain framework.
4, Anti-DLL4 humanized antibodies.

While the compositions of the present invention eliminate the requirement to make
humanized antibodies, humanized DLL4 antibodies may be prepared using compositions of the
mvention. Humanized antibodies are antibody molecules from non-human species antibody that

15  binds the desired antigen having one or more complementary determining regions (CDRs) from
the non-human species and framework regions from a human immunoglobulin molecule. Known
human Ig sequences are disclosed at web sites available via the world wide web (www.), e.g.,
ncbinlm.nih.gov/entrez/query.fcgi; atcc.org/phage/hdb.html; sciquest.com/; abcam.com/;
antibodyresource.com/onlinecomp.html; public.iastate.edu/.about.pedro-/research_tools.html;

20  mgen.uniheidelberg.de/SD/IT/IT.html; whfreeman.com/immunology-/CH05/kuby05.htm;
library.thinkquest.org/12429/Immune/Antibody.html; hhmi.org/grants/lectures/1996/vlab/; path.-
cam.ac.uk/.about.mrc7/mikeimages.html; antibodyresource.com/; meb.harvard.edu/BioLinks-
/Immunology.html; immunologylink.com/; pathbox.wustl.edu/.about.hcenter/index.html; bio-
tech.ufl.edu/.about.hcl/; pebio.com/pa/340913-/340913.html; nal.usda.gov/awic/pubs/antibody/;

25  m.ehimeu.acjp/.about.yasuhito-/Elisa.html; biodesign.com/table.asp; icnet.uk/axp/facs/davies/lin-
ks.html; biotech.ufl.edu-/.about.fccl/protocol.html; isac-net.org/sites_geo.html; aximtl.imt.uni-
marburg.de/.about.rek/AEP-Start.html; baserv.uci.kun.nl/.about.jraats/linksl.html; recab.uni-
hd.de/immuno.bme.nwu.edu/; mre-cpe.cam.ac.uk/imt-doc/public/INTRO.html; ibt.unam.mx/-
vir/V_mice.html; imgt.cnusc.fr:8104/; biochem.ucl.ac.uk/.about.martin/abs/index.html; anti-

30  body.bath.ac.uk/; abgen.cvm.tamu.edu/lab/wwwabgen.html; unizh.ch/.about.honegger/AHO-
seminar/Slide01.html; cryst.bbk.ac.uk/.about.ubcg07s/; nimr.mrec.ac.uk/CC/ccaewg/ccaewg.htm;
path.cam.ac.uk/.about.mrc7/humanisation/TAHHP.html; ibt.unam.mx/vir/structure/stat_aim.-
html; biosci.missouri.edu/smithgp/index.html; cryst.bioc.cam.ac.uk/.about.fmolina/Webpages-
/Pept/spottech.html; jerini.de/frroducts.htm; patents.ibm.com/ibm.html. Kabat et al., Sequences

35  of Proteins of Immunological Interest, U.S. Dept. Health (1983), each entirely incorporated herein

by reference. Such imported sequences can be used to reduce immunogenicity or reduce, enhance
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CDRL CDR2 CDR3 NSRYHWG ( SEQ D NO 149) DI YYTGSTYYNPSLKG ( SEQ | D NO 150)

EDVI LRGGSDY (SEQ D NO 151) E9. 66

EVQL QESCP@OVKASETIsSL TCTVSGGS! SSSSYYWBN RQPPGKGLEW GDI YY PCT/US2010/047006
TGSTYYNPSLKSRVTI SVDTSKNQFSLKL SSVTAADTAVYYCAREGVPL GGGADK WGQGTLVTVSS ( SEQ | D
NO 152) CDRlL CDR2 CDR3 SSSYYWG (SEQ I D NO 153) DI YYTGSTYYNPSLKS ( SEQ I D
NO: 154) EGVPLGGGADK (SEq D NO 155) E9. 71

EVQL QESCPCLY/IKwE THhikinkS e PN IRISRANE M ki any other suitable
TGSTYYNPSLKSRVTI SVDT Ng [ KL SSVTAADTAVYYCARQALAMGGGSDK WGQGTLVTVSS ( SEQ | D

NO 156) ( SEQ I D NO 157) DI YYTGSTYYNPSLKS (SEQ I D
NO. 158) QALAI\/GG(ESB&W()&E@dD@smh& B#han framework regions may be substituted with the

corresponding residue from the CDR donor antibody to alter, preferably improve, antigen

5  binding. These framework substitutions are identified by methods well known in the art, e.g., by
modeling of the interactions of the CDR and framework residues to identify framework residues
important for antigen binding and sequence comparison to identify unusual framework residues at
particular positions. (See, e.g., US Patent No. 5,585,089 (Queen ¢t al.); Riechmann et al., Nature,
332:323-327 (1988), which are incorporated herein by reference in their entireties.) Three-

10 dimensional immunoglobulin models are commonly available and are familiar to those skilled in
the art. Computer programs are available which illustrate and display probable three-dimensional
conformational structures of selected candidate immunoglobulin sequences. Inspection of these
displays permits analysis of the likely role of the residues in the functioning of the candidate
immunoglobulin sequence, i.e., the analysis of residues that influence the ability of the candidate

15  immunoglobulin to bind its antigen. In this way, FR residues can be selected and combined from
the consensus and import sequences so that the desired antibody characteristic, such as increased
affinity for the target antigen(s), is achieved. In general, the CDR residues are directly and most
substantially involved in influencing antigen binding. Antibodies can be humanized using a
variety of techniques known in the art, such as but not limited to those described in Jones et al.,

20 Nature, 321:522-525 (1986); Verhoeyen et al., Science, 239: 1534-1536 (1988), Sims ¢t al., J.
Immunol., 151: 2296-2308 (1993); Chothia and Lesk, J. Mol. Biol., 196: 901-917 (1987), Carter et
al., Proc. Natl. Acad. Sci. USA, 89: 4285-4289 (1992); Presta et al., J. Immunol., 151: 2623-2632
(1993), Padlan, E.A., Molecular Immunology, 28(4/5): 489-498 (1991); Studnicka et al., Protein
Engineering, 7(6): 805-814 (1994); Roguska. et al., Proc. Natl. Acad. Sci. USA, 91:969-973

25 (1994); PCT Publication Nos. WO 91/09967, WO 99/06834 (PCT/US98/16280), WO 97/20032
(PCT/US96/18978), WO 92/11272 (PCT/US91/09630), WO 92/03461 (PCT/US91/05939), WO
94/18219 (PCT/US94/01234), WO 92/01047 (PCT/GB91/01134), WO 93/06213
(PCT/GB92/01755), WO90/14443, W0O90/14424, and W090/14430; European Publication Nos.
EP 0592 106, EP 0 519 596, and EP 0 239 400; US Patent Nos. 5,565,332; 5,723,323; 5,976,862;

30 5,824,514; 5,817,483; 5,814,476; 5,763,192; 5,723,323; 5,766,886; 5,714,352; 6,204,023
6,180,370; 5,693,762; 5,530,101; 5,585,089; 5,225,539; and 4,816,567, each entirely incorporated
herein by reference, included references cited therein.

C. Production of antibodies and antibody-producing cell lines.
Preferably, anti-DLL4 antibodies of the present invention exhibit a high capacity to

35  reduce or to neutralize tumor angiogenesis activity, e.g., as assessed by any one of several in vitro
and in vivo assays known in the art. Evaluating the neutralization of activity of DLL4 can be

assessed via several in vitro and in vivo assays know in the art. Exemplary parameters for
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E9. 13 EVQLQESGPGLVKPSETLSLTCTVSGGESI SSSSYYWEW ROPPGKGLEW GDI YY
TGSTYYNPSLKSRVTI SVDTSKNQFSLKLSSVTAADTAVYYCAREDVI LRGGSDY WEQGTLVTVSS (SEQ I D
NO 160) WDRMIGDRB4CDR3 SSSYYWG (SEQ D NO 161) DI YYTGSPEYNR3UKS4(08£Q | D
NO 162) EDVI LRGGSDY ( SEQ D NGO 163) E9. 16

EVQLQESGPGALVKPSETLSLTCTVSGGESI SSSSYYWGW RQPPGKGLEW GDI YY

TGSTYYNPSLKSRVTI SVDTSKNQFSLKLSSVTAADTAVYYCAREDVI LRGGSDY WEQGTLVTVSS (SEQ I D

% igg) Eg\[ﬁ_es DuYtlggéaon o%%%%;ﬁyﬁﬁ@ﬂe?g’t\@g&ﬁ@m@ Y VhEBad YR Sttbr (SEQ | D
EVQL OF SPGL VRASETE SO T SR S S s RSB Py 1 0 ICo valus of
TGSTYYNPSL KSRV i ISVODSKNGAS KIS SV SRARTAVYMTAREDVI LRGGSDY WGQGTLVTVSS(SEQ | D
NG 168) CDRL C%er%nti—DLL4 antibodies of the present invention also exhibit a high capacity to
5 reduce or to neutralize DLL4 activity.
In preferred embodiments, the isolated antibody, or antigen-binding portion thereof, binds
human DLL4, wherein the antibody, or antigen-binding portion thereof, dissociates from human
DLL4 with a Ko rate constant of about 0.1s™ or less, as determined by surface plasmon
resonance, or which inhibits DLL4 and/or human DLL4 activity with an ICso of about 1 x 10°M
10 orless. Alternatively, the antibody, or an antigen-binding portion thereof, may dissociate from
human DLL4 with a K, rate constant of about 1 x 107s or less, as determined by surface
plasmon resonance, or may inhibit human DLL4 and/or human DLL4 activity with an ICs of
about 1 x 107 M or less. Alternatively, the antibody, or an antigen-binding portion thereof, may
dissociate from human DLL4 with a Ko rate constant of about 1 x 107s™ or less, as determined
15 by surface plasmon resonance, or may inhibit human DLL4 with an ICso of about 1 x 10®*M or
less. Alternatively, the antibody, or an antigen-binding portion thereof, may dissociate from
human DLL4 with a K. rate constant of about 1 x 10™*s™ or less, as determined by surface
plasmon resonance, or may inhibit DLL4 activity with an ICs, of about 1 x 10”M or less.
Alternatively, the antibody, or an antigen-binding portion thereof, may dissociate from human
20 DLL4 with a K, rate constant of about 1 x 107s™ or less, as determined by surface plasmon
resonance, or may inhibit DLL4 and/or human DLL4 activity with an ICse of about 1 x 10°M or
less. Alternatively, the antibody, or an antigen-binding portion thereof, may dissociate from
human DLL4 with a K.z rate constant of about 1 x 107sor less, as determined by surface
plasmon resonance, or may inhibit DLL4 and/or human DLL4 activity with an ICs of about 1 x
25 10"'M or less.
In certain embodiments, the antibody comprises a heavy chain constant region, such as an
IgG1, IgG2, 1gG3, 1gG4, IgA, IgE, IgM, or IgD constant region. Preferably, the heavy chain
constant region is an IgGG1 heavy chain constant region or an IgG4 heavy chain constant region.
Furthermore, the antibody can comprise a light chain constant region, either a kappa light chain
30  constant region or a lambda light chain constant region. Preferably, the antibody comprises a
kappa light chain constant region. Alternatively, the antibody portion can be, for example, a Fab
fragment or a single chain Fv fragment.
Replacements of amino acid residues in the Fc portion to alter antibody effector function
are known in the art (see, US Patent Nos. 5,648,260 and 5,624,821 (Winter et al.)). The Fc
35  portion of an antibody mediates several important effector functions e.g. cytokine induction,
ADCC, phagocytosis, complement dependent cytotoxicity (CDC), and half-life/clearance rate of

antibody and antigen-antibody complexes. In some cases these effector functions are desirable
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SSSYYWG (SEQ D NO 169) DI YYTGSTYYNPSLKS (SEQ | D NO: 170) EDVI LRGGSDY (SEQ D
NO 171) E92B EVQLQESGPGLVKPSETLSLTCTVSGGSI SSSNYYWGW RQPPGKGLEW GDI NY
NGNTYYNPSKHSRMTI2SDT SKNQF SLKL SSVTAADTAVYYCAREAVAL GGGADDPOBQSTILIVIYSSs ( SEQ | D
NO 172) CDRL CDR2 CDR3 SSNYYWG (SEQ I D NO 173) DI NYNGNTYYNPSLKS ( SEQ D
NO 174) EAVALGGGADD ( SEQ D NO 175) E9AF

EVQLQESGPGLVKPSETLSLTCTVSGGS! SSGSYYWGW RQPPGKGLEW GDI NY

NG 176) OO I o VAN (S L b KON a7 o N CET SN ke (SEQ 1D
NO: 178) EA\%I'E W@atﬁem&eﬁg@%maﬁmtyﬁes, particularly IgGT and IgG3, mediate

EVQL QESGPGMBESEBLCICTGE MinHaSh BERCNIEMB I RQIPCK(EMAL Gy Y Xeonatal Fe receptors
TGNTYYRPSLRYT] SYDTSKOCESLIG SOy TARTAYY Y CAREEV] L GOARR WRGTVIVSS (SEQ 10

NO 180

5 another embodiment at least one amino acid residue is replaced in the constant region of the
antibody, for example the Fc region of the antibody, such that effector functions of the antibody
are altered.

One embodiment provides a labeled binding protein wherein an antibody or antibody
portion of the invention is derivatized or linked to another functional molecule (e.g., another

10 peptide or protein). For example, a labeled binding protein of the invention can be derived by
functionally linking an antibody or antibody portion of the invention (by chemical coupling,
genetic fusion, noncovalent association or otherwise) to one or more other molecular entities,
such as another antibody (e.g., a bispecific antibody or a diabody), a detectable agent, a cytotoxic
agent, a pharmaceutical agent, and/or a protein or peptide that can mediate associate of the

15  antibody or antibody portion with another molecule (such as a streptavidin core region or a
polyhistidine tag).

Useful detectable agents with which an antibody or antibody portion of the invention may
be derivatized include fluorescent compounds. Exemplary fluorescent detectable agents include
fluorescein, fluorescein isothiocyanate, rhodamine, 5-dimethylamine-1-napthalenesulfonyl

20 chloride, phycoerythrin and the like. An antibody may also be derivatized with detectable
enzymes, such as alkaline phosphatase, horseradish peroxidase, glucose oxidase and the like.
When an antibody is derivatized with a detectable enzyme, it is detected by adding additional
reagents that the enzyme uses to produce a detectable reaction product. For example, when the
detectable agent horseradish peroxidase is present, the addition of hydrogen peroxide and

25  diaminobenzidine leads to a colored reaction product, which is detectable. An antibody may also
be derivatized with biotin, and detected through indirect measurement of avidin or streptavidin
binding.

Another embodiment of the invention provides a crystallized DLL4 binding protein.
Preferably, the invention relates to crystals of DLL4 binding proteins described herein, including

30  whole anti-DLL4 antibodies, fragments thereof, as well as antibody constructs and binding
protein conjugates (including antibody conjugates) as disclosed herein, and formulations and
compositions comprising such crystals. In one embodiment, the crystallized binding protein has a
greater half-life in vivo than the soluble counterpart of the binding protein. In another
embodiment the binding protein retains biological activity after crystallization. Crystallized

35  binding proteins of the invention may be produced according methods known in the art and as

disclosed in PCT Publication No. WO 02/72636, incorporated herein by reference.
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SSGYYWG (SEQ D NO: 181) DI YYTGNTYYNPSLKN (SEQ | D NO 182) EEVI LGGGADQ ( SEQ D
NO 183) E9. 5E EVQLQESGPGLVKPSETLSLTCTVSGGS! SSSSYYWSW RQPPGKGLEW GDI NY

| GSTYYNPSK&SRMTIZSDT SKNQFSL KL SSVTAADTAVYYCARESVPL GGGADE POBQSTLVIYESs ( SEQ | D
NO 184) CDRL CDR2 CDR3 SSSYYWG (SEQ I D NO 185) DI NYI GSTYYNPSLKS (SEQ I D
NO 186) ESVPLGGGADE (SEQ D NO 187) E9AOC

EVQL QESGPGLVKPSETLSLTCTVSGGS! SSGSYYWBW RQPPGKGLEW GDI YY

TGSTYYNPSLKSRVT LMl kbl bRV AN CARDAYMR FERIN WedaMaitvsR (SEQ I D

D180 G G O, e (S8 06 450, MRS (See 15
EVQL QESGPAENKRSET kish heTEMPHEEH BSOS HEIY MAGYE RO GHRGESEYY, GolwY s post-translational

L I R M RPN IS (s
NO 194) EDMnp@GEADNosylation. The resulting proteins bearing covalently linked oligosaccharide side

chains are known as glycosylated proteins or glycoproteins. Protein glycosylation depends on the

amino acid sequence of the protein of interest, as well as the host cell in which the protein is

expressed. Different organisms may produce different glycosylation enzymes (e.g.,

glycosyltransferases and glycosidases), and have different substrates (nucleotide sugars) available.

10 Due to such factors, protein glycosylation pattern, and composition of glycosyl residues, may
differ depending on the host system in which the particular protein is expressed. Glycosyl
residues useful in the invention may include, but are not limited to, glucose, galactose, mannose,
fucose, n-acetylglucosamine and sialic acid. Preferably the glycosylated binding protein
comprises glycosyl residues such that the glycosylation pattern is human.

15 It is known to those skilled in the art that differing protein glycosylation may result in
differing protein characteristics. For instance, the efficacy of a therapeutic protein produced in a
microorganism host, such as yeast, and glycosylated utilizing the yeast endogenous pathway may
be reduced compared to that of the same protein expressed in a mammalian cell, such as a CHO
cell line. Such glycoproteins may also be immunogenic in humans and show reduced half-life in

20 vivo after administration. Specific receptors in humans and other animals may recognize specific
glycosyl residues and promote the rapid clearance of the protein from the bloodstream. Other
adverse effects may include changes in protein folding, solubility, susceptibility to proteases,
trafficking, transport, compartmentalization, secretion, recognition by other proteins or factors,
antigenicity, or allergenicity. Accordingly, a practitioner may prefer a therapeutic protein with a

25  specific composition and pattern of glycosylation, for example glycosylation composition and
pattern identical, or at least similar, to that produced in human cells or in the species-specific cells
of the intended subject animal.

Expressing glycosylated proteins different from that of a host cell may be achieved by
genetically modifying the host cell to express heterologous glycosylation enzymes. Using

30  techniques known in the art a practitioner may generate antibodies or antigen-binding portions
thereof exhibiting human protein glycosylation. For example, yeast strains have been genetically
modified to express non-naturally occurring glycosylation enzymes such that glycosylated
proteins (glycoproteins) produced in these yeast strains exhibit protein glycosylation identical to
that of animal cells, especially human cells (US Patent Application Publication Nos.

35 2004/0018590 and 2002/0137134).

Further, it will be appreciated by one skilled in the art that a protein of interest may be

expressed using a library of host cells genetically engineered to express various glycosylation
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(SEQ D NO 195) E9A2B

EVQLQESGPGLVKPSETLSLTCTVSGGS! SSSNYYWGW RQPPGKGLEW GDI YY
TGSTYYNPSKEIRMTI2SDT SKNOQFSL KL SSVTAADTAVYYCAREAVSFGGGADS PUBQSTLVIYVESs ( SEQ | D
NO 196) CDRL CDR2 CDR3 SSNYYWG (SEQ D NO 197) DI YYTGSTYYNPSLKS (SEQ | D
NO: 198) EAVSFGGGADS ( SEQ D NO 199) E9. 10E

EVQLQESGFGLVKFSETLSLTCTVSGGS! NSGNYYWGW RQFPGKGLEW GDI SY

TGSTYYNPSLKSR &SV@T@KM&%&%WM@TMYWE@DN AMYCEIFER . MELR LMEMSS (SEQ 1D
NO: 200) Bk D NG 201) Dl SYTGSTYYNPSLKS (SEQ | D

NO. 202) ED\W% tg&@rw@tl%gélay t@l S%lﬁ?t and 1 e protein of interest wit
EVQL QESG-GLpdKie Bhr oGl §XdoyBeHeHh SEGS YMEMB IR @K Gh M gBIphYcularly selected

LRI SRS SR PR R YLV Tss (ox
NO: 206) FAVALCGGABDST PSECPIDINOIOOTy  E9. 7A
Given their ability to bind to human DLL4 and murine DLL4, the DLL4 binding proteins
described herein, including antibodies and portions thereof, can be used to detect or measure
DLL4 in a sample (e.g., in a mixture, solution, or biological sample, such as blood, serum, or
plasma), using any of the conventional immunoassays known in the art, such as an enzyme linked
10 immunosorbent assays (ELISA), a radioimmunoassay (RIA), or a tissue immunohistochemistry.
The invention provides a method for detecting human DLL4 and/or murine DLL4 in a sample
comprising contacting a sample with a DLL4 binding protein and detecting either the DLL4
binding protein bound to human DLL4 and/or murine DLL4 or the unbound binding protein to
thereby detect human DLL4 and/or murine DLL4 in the sample. A DLL4 binding protein
15  described herein can be directly or indirectly labeled with a detectable substance to facilitate
detection of the bound or unbound DLL4 binding protein. Suitable detectable substances include
various enzymes, prosthetic groups, fluorescent materials, luminescent materials and radioactive
materials. Examples of suitable enzymes include horseradish peroxidase, alkaline phosphatase, 3-
galactosidase, or acetylcholinesterase; examples of suitable prosthetic group complexes include
20 streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include
umbelliferone, fluorescein, fluorescein isothiocyanate, thodamine, dichlorotriazinylamine

fluorescein, dansyl chloride or phycoerythrin; an example of a luminescent material includes

luminol; and examples of suitable radioactive material include 3H, 14C, 358, QOY, 99Tc, 111In, 12SI,
I 1771y, 'S Ho, or 'Sm,
25 Biological samples that can be assayed for DLL4 include urine, feces, blood, serum,

plasma, perspiration, saliva, oral swab (cheek, tongue, throat), vaginal swab, rectal swab, dermal
swab, dermal scrape, tissue biopsy, as well as any other tissue sample that can be obtained by
methods available in the art.
Alternative to labeling the binding protein, human DLL4 can be assayed in biological
30  fluids by a competition immunoassay utilizing recombinant human (rh) DLL4 standards labeled
with a detectable substance and an unlabeled DLL4 binding protein described herein. In this
assay, the biological sample, the labeled rhDLL4 standards, and the DLL4 binding protein are
combined and the amount of labeled thDLL4 standard bound to the unlabeled binding protein is
determined. The amount of human DLL4 in the biological sample is inversely proportional to the
35  amount of labeled thDLL4 standard bound to the DLL4 binding protein. Similarly, human DLL4

can also be assayed in biological fluids by a competition immunoassay utilizing thDLL4
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EVQLQESGFGLVKFSETLSLTCTVSGGSI SSSSYYWGW ROFPGKGLEW GDI NY

AGSTYYNPSLKSRVTI SVDTSKNQFSLKLSSVTAADTAVYYCAREDVKFGGGADL WGEQGTLVTVSS (SEQ I D
NG 208) WDRMIADR4CDR3 SSSYYWG ( SEQ D NO 209) DI NYAGSPYYNB3UKS4708€Q | D
NG 210) EDVKFGGGADL ( SEQ D NO 211) E9. 811

EVQLQESGFGLVKFSETLSLTCTVSGGSI SSGSYYWBW RQFPGKGLEW GDI YY

TGSTYYNPSLKNRVTI SVDTSKNQFSLKLSSVTAADTAVYYCARESVPLGGGADN WEQGTLVTVSS (SEQ I D
NO 212)  CORh£bddbeelPR3n 2 RESUMWGnktRRtdldlan Mk 3 b1 Bh ¥XFiaThoYiNeSRLAN ( SEQ 1D
NO 214) ESVPLGGGADN (SEQ D NG 215) Affinity Matured C ones: Light Chain
(VL) Regi on¥™#9. 13 SYELTQFFSVSVSFGQTASI TCSGDTLGDKYVSWYQOKFGQSPVLVI YEDSERFS
A FERFSGSNSGDTATILhE DSV NMDSENTGY HES 60 KWk \Vhpap SEQlcDrdNon@ b6)4 CDR1

Core SRS %%,Li Y5 SR LR AH i EREERES, (SEQuh R N2 QRVDSETGY

(SEQDI\;Q

proteins of the invention can be used to inhibit DLL4 activity, e.g., in a cell culture containing
DLLA4, in human subjects, or in other mammalian subjects expressing a DLL4 with which a
binding protein of the invention cross-reacts. In one embodiment, the invention provides a
method for inhibiting DLL4 activity comprising contacting a DLL4 with a DLL4 antibody or
antibody portion of the invention such that DLL4 activity is inhibited. For example, in a cell
10 culture containing or suspected of containing DLL4, an antibody or antibody portion of the
invention can be added to the culture medium to inhibit DLL4 activity in the culture.

In another embodiment, the invention provides a method for reducing DLL4 activity in a
subject, advantageously from a subject suffering from a disease or disorder in which DLL4 or
DLLA4 activity is detrimental. The invention provides methods for reducing DLL4 or DLL4

15  activity in a subject suffering from such a disease or disorder, which method comprises
administering to the subject a DLL4 binding protein of the invention such that DLL4 or DLL4
activity in the subject is reduced. Preferably, the DLL4 is human DLL4, and the subject is a
human subject. Alternatively, the subject can be a mammal expressing a DLL4 to which a DLL4
binding protein of the invention is capable of binding. Still further, the subject can be a mammal

20 into which DLL4 has been introduced (e.g., by administration of DLL4 or by expression of a
DLLA4 transgene). An antibody or other DLL4 binding protein of the invention can be
administered to a human subject for therapeutic purposes. Moreover, a DLL4 binding protein of
the invention can be administered to a non-human mammal expressing a DLL4 with which the
binding protein is capable of binding for veterinary purposes or as an animal model of human

25  disease. Regarding the latter, such animal models may be useful for evaluating the therapeutic
efficacy of antibodies and other DLL4 binding proteins of the invention (e.g., testing of dosages
and time courses of administration).

As used herein, the term "a disorder in which DLL4 and/or Notch signaling activity is
detrimental” is intended to include diseases, such as cancer, and other disorders in which the

30  presence of DLL4 and/or Notch signaling activity in a subject suffering from the disorder has
been shown to be or is suspected of being either responsible for the pathophysiology of the
disorder or a factor that contributes to a worsening of the disorder. Accordingly, a disorder in
which DLL4 and/or Notch signaling activity is detrimental is a disorder in which alteration of
DLL4 and/or Notch signaling activity is expected to alleviate the symptoms and/or progression of

35  the disorder (e.g., tumor growth). Such disorders may be evidenced, for example, by an increase

in angiogenesis in a subject suffering from the disorder (e.g., an increase in the concentration of

various proteins known in the art to increase in serum, plasma, synovial fluid, etc., of the subject

79



E9. 16 SYELTQFFSVSVSFGQTASI TCSGERL GDKYVSWQQKFGQSPVLVI YEDFKRFS

G FERFSGSNSGDTATL Tl SGTQFVMDEADYYCQAWDRDTGVFGYGTKVTVL ( SEQ | D NO 220)
CDR2 CDR3WOSICHRRSBKYVS ( SEQ | D NO 221) EDFKRPS (SEQ | D ROTAR2)10QK0DRDTGV
(SEQ D NO 223) E9. 38

SYEL TQFFSVSVSFGQTASI TCSGQRL GDKYVSWYQQKFGQSPVLVI YEDSKRFS

G FERFSGSNSGDTATL Tl SGTQFMDEADYYCQAWDRDVGVFGSGTKVTVL ( SEQ | D NO 224)

PRI (Rl nN@h2R 29n FeBSKRASof SEGh1k,RsiNed 8L AVDRDVGV
(SEQ D NO 22

J4 E9, 4 | o . .
SVELTORF SVl PSP e R AR RISV PRI treted with e

G PERFSGSNSGEHEL di EGINRIVDEADRMY GQAIDRIBIEWEGMET KR\ Ectip Sk farthen@ 28)

CDR2 CDR3

CDR2 CDR3

5

10

15

20

25

30

35

SRR ARpb iR dh N o RS .

II. Pharmaceutical Compositions.

The invention also provides pharmaceutical compositions comprising a DLL4 binding
protein of the invention and a pharmaceutically acceptable carrier. The pharmaceutical
compositions comprising DLL4 binding proteins of the invention are for use in, but not limited to,
diagnosing, detecting, or monitoring a disorder; in preventing, treating, managing, or ameliorating
a disorder or one or more symptoms thereof; and/or in research. In a specific embodiment, a
composition comprises one or more DLL4 binding proteins of the invention. In another
embodiment, the pharmaceutical composition comprises one or more binding proteins of the
mvention and one or more prophylactic or therapeutic agents other than binding proteins of the
vention for treating a disorder in which DLL4 and/or DLL4 activity is detrimental. Preferably,
the prophylactic or therapeutic agents known to be useful for or having been or currently being
used in the prevention, treatment, management, or amelioration of a disorder, such as cancer or a
tumor, or one or more symptoms thereof. In accordance with these embodiments, the
composition may further comprise of a carrier, diluent, or excipient.

The binding proteins of the invention can be incorporated into pharmaceutical
compositions suitable for administration to a subject. Typically, the pharmaceutical composition
comprises a DLL4 binding protein (or DLL4 binding portion thereof) of the invention and a
pharmaceutically acceptable carrier. As used herein, "pharmaceutically acceptable carrier"
mcludes any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like that are physiologically compatible.
Examples of pharmaceutically acceptable carriers include one or more of water, saline, phosphate
buffered saline, dextrose, glycerol, ethanol and the like, as well as combinations thereof. In many
cases, it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as
mannitol, sorbitol, or sodium chloride in the composition. Pharmaceutically acceptable carriers
may further comprise minor amounts of auxiliary substances such as wetting or emulsifying
agents, preservatives or buffers, which enhance the shelf life or effectiveness of the antibody or
antibody portion.

Various delivery systems are known and can be used to administer one or more DLL4
binding proteins of the invention or the combination of one or more binding proteins of the
mvention and a prophylactic agent or therapeutic agent useful for preventing, managing, treating,
or ameliorating a disorder or one or more symptoms thereof, e.g., reducing tumor angiogenesis,
encapsulation in liposomes, microparticles, microcapsules, recombinant cells capable of

expressing the DLL4 binding protein, receptor- mediated endocytosis (see, e. g., Wu and Wu, J.
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(SEQ | D NO 230) QAWDRDTGV (SEQ D NO 231) EM
SYEL TQPPSVSVSPGQTASI TCSGQRL GDKYASWQQKPGQSPVLVI YEDSKRPS

G PERFSGSNGGDIIATEIHE SGTQPVDEADYYCQAWDRDTGVEGYGTKVTVL ( SE@CTDShiGA3R)6 CDRL
CDR2 CDR3 SGQRLGDKYAS (SEQ | D NO 233) EDSKRPS (SEQ | D NO 234) QAVWDRDTGV
(SEQ | D NO 235) E9. 14

SYEL TQPPSVSVSPGQTASI TCSGQRL GDKYASWYQQKPGQSPVLVI YEDSKRPS

G PERFSCENSERT AL, b SGSTABMMEADRIGOAMPRETLSYERIEEKYdiYhs foPBR el N o230  CDR1
CDR2 CDR3 SGORLGDKYAS %Is 1. D NO. 237 1EDSKI%PS QJSE IDf%IO' 238% le\ DTGV
(SEQ D NO 2@@)) , etc. M@bodi administering a propliylactic or therapeutic agent of the invention include,

SYEL TQPPSV3)Se0gk ARitddGE EaieinGRl< A BN 6K IRGE JSEME M MmYERNGKRISS 1ar, intraperitoneal,
G PERFSGSNSERT AT GNP A PRR VY G I bl RaticR, NP A&
5 administration (e.g., intranasal and oral routes). In addition, pulmonary administration can be
employed, e.g., by use of an inhaler or nebulizer, and formulation with an acrosolizing agent.
See, e.g., US Patent Nos. 6,019,968; 5,985, 320; 5,985,309; 5,934, 272; 5,874,064; 5,855,913;
5,290,540; and 4,880,078; and PCT Publication Nos. WO 92/19244, WO 97/32572, WO
97/44013, WO 98/31346, and WO 99/66903, each of which is incorporated herein by reference
10  their entireties. In one embodiment, a DLL4 binding protein of the invention, combination
therapy, or a composition of the invention is administered using Alkermes AIR® pulmonary drug
delivery technology (Alkermes, Inc., Cambridge, Massachusetts, US). In a specific embodiment,
prophylactic or therapeutic agents of the invention are administered intramuscularly,
mtravenously, intratumorally, orally, intranasally, pulmonary, or subcutaneously. The
15  prophylactic or therapeutic agents may be administered by any convenient route, for example by
infusion or bolus injection, by absorption through epithelial or mucocutaneous linings (e.g., oral
mucosa, rectal and intestinal mucosa, etc.) and may be administered together with other
biologically active agents. Administration can be systemic or local.

In a specific embodiment, it may be desirable to administer the prophylactic or

20  therapeutic agents of the invention locally to the area in need of treatment; this may be achieved
by, for example, and not by way of limitation, local infusion, by injection, or by means of an
implant, said implant being of a porous or non-porous material, including membranes and
matrices, such as sialastic membranes, polymers, fibrous matrices (e.g., Tissuel®), or collagen
matrices. In one embodiment, an effective amount of one or more DLL4 binding proteins of the

25  invention antagonists is administered locally to the affected area to a subject to prevent, treat,
manage, and/or ameliorate a disorder or a symptom thereof. In another embodiment, an effective
amount of one or more DLL4 binding proteins of the invention is administered locally to the
affected area in combination with an effective amount of one or more therapies (e.g., one or more
prophylactic or therapeutic agents) other than a binding protein of the invention of a subject to

30  prevent, treat, manage, and/or ameliorate a disorder or one or more symptoms thereof.

In another embodiment, the prophylactic or therapeutic agent can be delivered in a
controlled release or sustained release system. In one embodiment, a pump may be used to
achieve controlled or sustained release (see, Langer (Science, 249: 1527-1533 (1990)); Sefton,
CRC Crit. Ref- Biomed. Eng., 14: 201-240 (1987); Buchwald et al., Surgery, 88: 507-516 (1980);

35  Saudeketal., N. Engl. J. Med.,321: 574-579 (1989)). In another embodiment, polymeric
materials can be used to achieve controlled or sustained release of the therapies of the invention.

See, e.g., Goodson, J.M, In Medical Applications of Controlled Release, Vol. II, Applications and
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CDR1L CDR2 CDR3 SGQRLGDKYAS (SEQ | D NO 241) EDSKRPS (SEQ I D NO: 242)
QAVDRDTGV ( SEQ D NO. 243) E9. 18

SYEL TQPPIVE\IBRGRE®S! TCSGQRL CDKYASWYQOKPGQSPVLYVI YEDSKRPSPCT/US2010/047006

G PERFSGSNSGDTATLTI SGTQPMDEADYYCQAWDRDTGVEGYGTKVTVL (SEQ | D NO: 244)  CDR1
CDR2 CDR3 SGQRLGDKYAS (SEQ I D NO 245) EDSKRPS (SEQ | D NO 246) QAWDRDTGV
(SEQ D NO 247) E9. 19

SYELTQPPSV%P@QIA&J@@Q%Msﬁ%@@@@%ﬂy&yﬂ@%ﬁ’&am 6, pages 115-
Gl PERFSGSNSGDTATLT] SCTCRVDEADYYCQADRDT GVECYGTKVI (aE%T 05) NG, 248)  CDRL

CDR2 CDR3 &%
(eds.) (Wiley, New York, 1984); Langer and Peppas, J. Macromol. Sci. Rev. Macromol Chem.
Phys., C23: 61-126 (1983); see also, Levy et al., Science, 228: 190-192 (1985); During et al., Ann.

5  Neurol., 25:351-356 (1989); Howard et al., J. Neurosurg., 71: 105-112 (1989); US Patent Nos.
5,679,377, 5,916,597, 5,912,015; 5,989,463; and 5,128,326; and PCT Publication Nos. WO

99/15154 and WO 99/20253. Examples of polymers used in sustained release formulations
mclude, but are not limited to, poly(2-hydroxy ethyl methacrylate), poly(methyl methacrylate),
poly(acrylic acid), poly(ethylene-co-vinyl acetate), poly(methacrylic acid), polyglycolides (PLG),

10 polyanhydrides, poly(N- vinyl pyrrolidone), poly(vinyl alcohol), polyacrylamide, poly(ethylene
glycol), polylactides (PLA), poly(lactide-co-glycolides) (PLGA), and polyorthoesters. In a
preferred embodiment, the polymer used in a sustained release formulation is inert, free of
leachable impurities, stable on storage, sterile, and biodegradable. In yet another embodiment, a
controlled or sustained release system can be placed in proximity of the prophylactic or

15  therapeutic target, thus requiring only a fraction of the systemic dose (see, e.g., Goodson, /n

Medical Applications of Controlled Release, (1984), pages 115-138).

Controlled release systems are discussed in the review by Langer (Science, 249: 1527-
1533 (1990)). Any technique known to one of skill in the art can be used to produce sustained
release formulations comprising one or more therapeutic agents of the invention. See, e.g., U. S.
20  Patent No. 4,526,938; PCT Publication Nos. WO 91/05548 and WO 96/20698; Ning et al.,
"Intratumoral Radioimmunotherapy of a Human Colon Cancer Xenograft Using a Sustained-
Release Gel," Radiother. Oncol., 39: 179-189 (1996); Song et al., "Antibody Mediated Lung
Targeting of Long- Circulating Emulsions," PDA J. Pharm. Sci.Tech., 50: 372-377 (1996); Cleek
et al., "Biodegradable Polymeric Carriers for a bFGF Antibody for Cardiovascular Application,"
25 Proceed. Intl. Symp. Control. Rel. Bioact. Mater., 24: 853-854 (1997), and Lam et al.,
"Microencapsulation of Recombinant Humanized Monoclonal Antibody for Local Delivery,"
Proceed. Intl. Symp. Control Rel. Bioact. Mater.: 24: 759-760 (1997), each of which is
mcorporated herein by reference in their entireties.
In a specific embodiment, where the composition of the invention is a nucleic acid
30  encoding a prophylactic or therapeutic agent, the nucleic acid can be administered in vivo to
promote expression of its encoded prophylactic or therapeutic agent, by constructing it as part of
an appropriate nucleic acid expression vector and administering it so that it becomes intracellular,
e.g., by use of a retroviral vector (see U. S. Patent No. 4,980,286), or by direct injection, or by use
of microparticle bombardment (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or cell-
35  surface receptors or transfecting agents, or by administering it in linkage to a homeobox-like

peptide which is known to enter the nucleus (see, e.g., Joliot et al., Proc. Natl. Acad. Sci. USA, 88:
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QAWDRDTGV ( SEQ D NO 251) E922

SYEL TQPPSVSVSPGQTASI TCSGQRL GDKYASWYQQKPGQSPVLVI YEDSKRPS

G PERFSGSNGGDIIATEIHE SGTQPVDEADYYCQAWDRDTGVEGYGTKVTVL ( SE@CTDShiGA52)6 CDRL
CDR2 CDR3 SGQRLGDKYAS (SEQ | D NO 253) EDSKRPS (SEQ | D NO 254) QAVWDRDTGV
(SEQ I D NO 255) E9. 48

SYEL TQPPSVSVSPGQTASI TCSGQRL GDKYASWYQQKPGQSPVLVI YEDSKRPS

G PERFSGSNS@)ZM@%@H 9557 QRMAEMNY CRAMPREE @Y Miatrd SRk BhdNO: 256)  CDR1
CDR2 CDR3 S GDKYAS gS?%J D 257 iKRPS SEQ I D 258) QAVDRDTGV
(SEQ D NO 2Bgjproratedpgihigs W%%@EB‘Y g@ﬁWﬁ(’é‘WQQ&PGQSPVLVl YEDS
KRPSG PERFSGSNS@phahtadduBEaT Wwwmm%d IO W{pSEQ ONOs260)  CDR1
CDR2 CDR3 i%%('i’ %Xﬁasdm(léfﬁgu(lnD E')Na%iple% %g' )outng)%%ﬁB%stration include, but are not
5 limited to, parenteral (e.g., intravenous), intradermal, subcutaneous, oral, intranasal (e.g.,
inhalation), transdermal (e.g., topical), transmucosal, and rectal administration. In a specific
embodiment, the composition is formulated in accordance with routine procedures as a
pharmaceutical composition adapted for intravenous, subcutaneous, intramuscular, oral,
intranasal, or topical administration to human beings. Typically, compositions for intravenous
10 administration are solutions in sterile isotonic aqueous buffer. Where necessary, the composition
may also include a solubilizing agent and a local anesthetic such as lignocamne to ease pain at the
site of the injection.
If compositions of the invention are to be administered topically, the compositions can be
formulated in the form of an ointment, cream, transdermal patch, lotion, gel, shampoo, spray,
15  aerosol, solution, emulsion, or other form well-known to one of skill in the art. See, ¢.g.,
Remington's Pharmaceutical Sciences and Introduction to Pharmaceutical Dosage Forms, 19th
ed., (Mack Publishing Co., Easton, Pennsylavania, 1995). For non-sprayable topical dosage
forms, viscous to semi-solid or solid forms comprising a carrier or one or more excipients
compatible with topical application and having a dynamic viscosity preferably greater than water
20 are typically employed. Suitable formulations include, without limitation, solutions, suspensions,
emulsions, creams, ointments, powders, liniments, salves, and the like, which are, if desired,
sterilized or mixed with auxiliary agents (e.g., preservatives, stabilizers, wetting agents, buffers,
or salts) for influencing various properties, such as, for example, osmotic pressure. Other suitable
topical dosage forms include sprayable acrosol preparations wherein the active ingredient,
25  preferably in combination with a solid or liquid inert carrier, is packaged in a mixture with a
pressurized volatile (e.g., a gaseous propellant, such as FREON®) or in a squeeze bottle.
Moisturizers or humectants can also be added to pharmaceutical compositions and dosage forms
if desired. Examples of such additional ingredients are well known in the art.
If a method of the invention comprises intranasal administration of a composition, the
30  composition can be formulated in an aerosol form, spray, mist or in the form of drops. In
particular, prophylactic or therapeutic agents for use according to the present invention can be
conveniently delivered in the form of an aerosol spray presentation from pressurized packs or a
nebulizer, with the use of a suitable propellant (e.g., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas). In the
35  case of a pressurized aerosol the dosage unit may be determined by providing a valve to deliver a

metered amount. Capsules and cartridges (composed of, e.g., gelatin) for use in an inhaler or

&3



(SEQ ID NO 262) QAWDRDTGV (SEQ ID NO 263) E9.66

SYEL TQPPSVSVSPGQTASI TCSGQRL GDKYASWYQQKPGQSPVLVI YEDSKRPS

G PERFSGSNGGDIIATEIHE SGTQPVDEADYYCQAWDRDTGVFGYGTKVTVL ( SE@CTDShiGA64)6 CDRL
CDR2 CDR3 SGQRLGDKYAS (SEQ | D NO 265) EDSKRPS (SEQ | D NO 266) QAVWDRDTGV
(SEQ D NO 267) E9.71

SYEL TQPPSVSVSPGQTASI TCSGQRL GDKYASWYQQKPGQSPVLVI YEDSKRPS

< PERFSCBNS@QM&%&@@T@%MB%M REGHECYEK M hMbunl @ sRiblPpehdt  CDRL
CDR2 SGRLGDKYAS (SEQI D NO. 269) EDSKRPS (SEQ I D NO 270) PQANDRDTGV
(SEQ D NO 2519 agygse of starc

SYELTQDPSVSVSPCEI' ABHHCES GRSV SR EXIK BB ok RSThRFSions can be

€ PERFSCBN%%g[mgqg“s{!@Q@@%@%{%@%@%\é&u&%%&Qqsi'é‘l%, fldle OORL

like. Tablets or capsules can be prepared by conventional means with pharmaceutically

acceptable excipients such as binding agents (e.g., pregelatinised maize starch,
polyvinylpyrrolidone, or hydroxypropyl methylcellulose); fillers (e.g., lactose, microcrystalline
cellulose, or calcium hydrogen phosphate); lubricants (e.g., magnesium stearate, talc, or silica);
disintegrants (e.g., potato starch or sodium starch glycolate); or wetting agents (e.g., sodium

10 lauryl sulphate). The tablets may be coated by methods well-known in the art. Liquid
preparations for oral administration may take the form of, but not limited to, solutions, syrups or
suspensions, or they may be presented as a dry product for constitution with water or other
suitable vehicle before use. Such liquid preparations may be prepared by conventional means
with pharmaceutically acceptable additives such as suspending agents (e.g., sorbitol syrup,

15  cellulose derivatives, or hydrogenated edible fats); emulsifying agents (e.g., lecithin or acacia);
non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol, or fractionated vegetable oils);
and preservatives (e.g., methyl or propyl-p- hydroxybenzoates or sorbic acid). The preparations
may also contain buffer salts, flavoring, coloring, and sweetening agents as appropriate.
Preparations for oral administration may be suitably formulated for slow release, controlled

20 release, or sustained release of a prophylactic or therapeutic agent(s).

A method of the invention may comprise pulmonary administration, e.g., by use of an
inhaler or nebulizer, of a composition formulated with an aerosolizing agent. See, e.g., US Patent
Nos. 6,019,968; 5,985,320; 5,985,309; 5,934,272; 5,874,064; 5,855,913; 5,290,540; and
4,880,078; and PCT Publication Nos. WO 92/19244, WO 97/32572, WO 97/44013, WO

25  98/31346, and WO 99/66903, each of which is incorporated herein by reference their entireties.
In a specific embodiment, an antibody of the invention, combination therapy, and/or composition
of the invention is administered using Alkermes AIR® pulmonary drug delivery technology
(Alkermes, Inc., Cambridge, Massachusetts, US).

A method of the invention may comprise administration of a composition formulated for

30  parenteral administration by injection (e.g., by bolus injection or continuous infusion).
Formulations for injection may be presented in unit dosage form (e.g., in ampoules or in multi-
dose containers) with an added preservative. The compositions may take such forms as
suspensions, solutions, or emulsions in oily or aqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents. Alternatively, the active

35  ingredient may be in powder form for constitution with a suitable vehicle (e.g., sterile pyrogen-

free water) before use.
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(SEQ I D NO 274) QAVWDSETGV (SEQ D NG 275) E9. 1F

SYELTQPPSVSVSPGQTASI TCSGDRLGEKYVSWYQRKPGRSPVLVI YEDSQRPS

G PERFSGSMECGDINAREIBE SGT QAVDEADYYCQAVWDMEAGVFGSGTKVTVL ( SE@CTDShidndFHpe CDR1
CDR2 CDR3 SGDRLGDKYVS (SEQ I D NO 277) EDSQRPS (SEQ | D NO 278) QAVDVEAGY
(SEQ D NO. 279) E9.10 C

SYELTQPPSVSVSPGQTASI TCSGEDSLGEKYVSWQRKPGISPVLVI YEDSERPS

G PERFSGSNSGDTABLE&&SEB@WDEAQXX%A@%&E@/E@@M&sﬁﬁ@n LR oMb 2RH) ~ CDRL
CDR2 CDR3 SGD eg)K D NO. 281g EDSFRP QAVWDSETGV
(SEQ D NO 2%@}11 ¢S 99 epara ions. Such long acting formulati

SYELT@PSVSMS]R@MS& I SHéetr h KN SUWWH QKRGS PMbAh ¥ DS RRFPSjection. Thus, for

R Cora S e VAT KR R e T i it <

(e.g., as an emulsion in an acceptable oil) or ion exchange resins, or as sparingly soluble

ns m y be a 11’11St61‘63 by

derivatives (e.g., as a sparingly soluble salt).

Methods of the invention encompass administration of compositions formulated as
neutral or salt forms. Pharmaceutically acceptable salts include those formed with anions such as
those derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those formed

10 with cations such as those derived from sodium, potassium, ammonium, calcium, ferric
hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc.

Generally, the ingredients of compositions are supplied either separately or mixed
together in unit dosage form, for example, as a dry lyophilized powder or water free concentrate
in a hermetically sealed container such as an ampoule or sachette indicating the quantity of active

15  agent. Where the mode of administration is infusion, a composition can be dispensed with an
mfusion bottle containing sterile pharmaceutical grade water or saline. Where the mode of
administration 18 by injection, an ampoule of sterile water for injection or saline can be provided
so that the ingredients may be mixed prior to administration.

In particular, the invention also provides that one or more of the prophylactic or

20  therapeutic agents or pharmaceutical compositions of the invention is packaged in a hermetically
sealed container such as an ampoule or sachette indicating the quantity of the agent. In one
embodiment, one or more of the prophylactic or therapeutic agents, or pharmaceutical
compositions of the invention is supplied as a dry sterilized lyophilized powder or water free
concentrate in a hermetically sealed container and can be reconstituted (e.g., with water or saline)

25  tothe appropriate concentration for administration to a subject. Preferably, one or more of the
prophylactic or therapeutic agents or pharmaceutical compositions of the invention is supplied as
a dry sterile lyophilized powder in a hermetically sealed container at a unit dosage of at least 5
mg, more preferably at least 10 mg, at least 15 mg, at least 25 mg, at least 35 mg, at least 45 mg,
at least 50 mg, at least 75 mg, or at least 100 mg. The lyophilized prophylactic or therapeutic

30  agents or pharmaceutical compositions of the invention should be stored at between 2°C and §°C
m its original container and the prophylactic or therapeutic agents, or pharmaceutical
compositions of the invention should be administered within 1 week, preferably within 5 days,
within 72 hours, within 48 hours, within 24 hours, within 12 hours, within 6 hours, within 5
hours, within 3 hours, or within 1 hour after being reconstituted. In an alternative embodiment,

35  one or more of the prophylactic or therapeutic agents or pharmaceutical compositions of the
invention is supplied in liquid form in a hermetically sealed container indicating the quantity and

concentration of the agent. Preferably, the liquid form of the administered composition is
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QAWDSEAGY (SEQ D NO 287) EME
SYELTQPPSVSVSPGQTAS! TCSGDRL GDKYVSWYQQKPGQSPVLVI YED

SERPSG PERBIGBNEEBTATLTI SGTQAVDEADYYCQAWDSEAGVFGSG TKVT PCSEQ2D0NDIRSS)
CDRL CDR2 CDR3 SGDRLGDKYVS (SEQ D NO 289) EDSERPS (SEQ | D NO 290)
QAWDSEAGY (SEQ D NO 291) EME

SYELTQPPSVSVSPGQTASI TCSGDM GDKYVSWYQQKPGQSPVLVI YEDSQRPS

G| PERFSGSN Tr%cT irfE'h&gEQ% WMME&WE@%MA&&%& ING232) CDR1
?31) EDS@PS SE% gl? {\IO 294)O QAVWDSETGV

(SEQ D NO 1 at east2 5 mg/m least 5 mg/ml, at'least 8 mg/ml, at least 10 mg/ml,

SYELT@PSVWWA&Q%%WWSWWR@@RWM YEBSTRBS:t least 100 mg/ml,

e e

The binding proteins of the invention can be incorporated into a pharmaceutical

composition suitable for parenteral administration. Preferably, the binding protein will be
prepared as an injectable solution containing 0.1-250 mg/ml antibody. The injectable solution can
be composed of either a liquid or lyophilized dosage form in a flint or amber vial, ampoule or pre-
filled syringe. The buffer can be L-histidine (1-50 mM), optimally 5-10 mM, at pH 5.0 to 7.0

10 (optimally pH 6.0). Other suitable buffers include but are not limited to, sodium succinate,
sodium citrate, sodium phosphate or potassium phosphate. Sodium chloride can be used to
modify the toxicity of the solution at a concentration of 0-300 mM (optimally 150 mM for a
liquid dosage form). Cryoprotectants can be included for a lyophilized dosage form, principally
0-10% sucrose (optimally 0.5-1.0%). Other suitable cryoprotectants include trehalose and lactose.

15  Bulking agents can be included for a lyophilized dosage form, principally 1-10% mannitol
(optimally 2-4%). Stabilizers can be used in both liquid and lyophilized dosage forms, principally
1-50 mM L-methionine (optimally 5-10 mM). Other suitable bulking agents include glycine,
arginine, can be included as 0-0.05% polysorbate-80 (optimally 0.005-0.01%). Additional
surfactants include but are not limited to polysorbate 20 and BRIJ surfactants.

20 The compositions of this invention may be in a variety of forms. These include, for
example, liquid, semi-solid and solid dosage forms, such as liquid solutions (e.g., injectable and
infusible solutions), dispersions or suspensions, tablets, pills, powders, liposomes and
suppositories. The preferred form depends on the intended mode of administration and
therapeutic application. Typical preferred compositions are in the form of injectable or infusible

25  solutions, such as compositions similar to those used for passive immunization of humans with
other antibodies. The preferred mode of administration is parenteral (e.g., intravenous,
subcutaneous, intraperitoneal, intramuscular). In a preferred embodiment, a DLL4 binding
protein described herein is administered by intravenous infusion or injection. In another preferred
embodiment, a DLL4 binding protein is administered by intramuscular or subcutaneous injection.

30 Therapeutic compositions typically must be sterile and stable under the conditions of
manufacture and storage. The composition can be formulated as a solution, microemulsion,
dispersion, liposome, or other ordered structure suitable to high drug concentration. Sterile
mjectable solutions can be prepared by incorporating the active compound (i.e., antibody or
antibody portion) in the required amount in an appropriate solvent with one or a combination of

35  ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the active compound into a sterile vehicle that contains

a basic dispersion medium and the required other ingredients from those enumerated above. In

36



(SEQ I D NO. 298) QAWDSESGV (SEQ D NO: 299) E9. 10 H
SYEL TQPPSVSVSPGQTASI TCSGESL GDKYVSWYQQKPGQSPVLVI YEDSKRPS

G PERFSGSNGGDIIATEIBH SGTQAVDEADYYCQAWDGETGVFGSGTKVT ( SEQ PDTNG2800)700CDR1
CDR2 CDR3 SGESLGDKYVS (SEQ | D NO 301) EDSKRPS (SEQ | D NO 302) QAWDGETGV
(SEQ D NO: 303) E9. 6A

SYEL TQPPSVSVSPGQTASI TCSGDM. GDKYVSWYQQKPGQSPVLVI YEDTNRPS

G PERFSCENS{EA Mo T AMREAR W&%%T@F%@Me ﬁqﬁ&@ﬂ& DuNGhs3@4)  CDR1L

(SEQ D NO 312? 5:rre (ég{(h;%sof re;l):_a%tllorl? arle\lglcguorr? eryllgg;ll-n spray- gh'ymg that yields a pow)der of the SETGV

SYEL TQPPSVSVGREFFAGH TS GESLIBDIKMY GV QPERBRIN ¥QDAMRBS:le-filtered solution
d PERFSCENS{%T' %%%W@%%%%T&é{ﬁ%@%a&ﬁg% DN 398atinSORL COR2

CDR3 SGESL

such as lecnhm by the maintenance of the required particle size in the case of dispersion and by
the use of surfactants. Prolonged absorption of injectable compositions can be brought about by
mcluding, in the composition, an agent that delays absorption, for example, monostearate salts
and gelatin.
The DLL4 binding proteins of the present invention can be administered by a variety of

10 methods known in the art, although for many therapeutic applications, the preferred route/mode of
administration is subcutaneous injection, intravenous injection, or infusion. As will be
appreciated by the skilled artisan, the route and/or mode of administration will vary depending
upon the desired results. In certain embodiments, the active compound may be prepared with a
carrier that will protect the compound against rapid release, such as a controlled release

15  formulation, including implants, transdermal patches, and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Many methods
for the preparation of such formulations are patented or generally known to those skilled in the
art. See, e.g., Sustained and Controlled Release Drug Delivery Systems, J.R. Robinson, ed.,

20  (Marcel Dekker, Inc., New York, 1978).

In certain embodiments, a binding protein of the invention may be orally administered,
for example, with an inert diluent or an assimilable edible carrier. The compound (and other
mgredients, if desired) may also be enclosed in a hard or soft shell gelatin capsule, compressed
mto tablets, or incorporated directly into the subject's diet. For oral therapeutic administration,

25  the compounds may be incorporated with excipients and used in the form of ingestible tablets,
buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. To administer
a compound of the invention by other than parenteral administration, it may be necessary to coat
the compound with, or co-administer the compound with, a material to prevent its inactivation.

Supplementary active compounds can also be incorporated into the compositions. In

30  certain embodiments, a binding protein of the invention is coformulated with and/or
coadministered with one or more additional therapeutic agents that are useful for treating
disorders in which DLL4 activity is detrimental. For example, an anti-huDLL4 antibody or
antibody portion of the invention may be coformulated and/or coadministered with one or more
additional antibodies that bind other targets (e.g., antibodies that bind other cytokines or that bind

35  cell surface molecules). Furthermore, one or more binding proteins of the invention may be used

m combination with two or more of the foregoing therapeutic agents. Such combination therapies
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Q@AMRPS (SEQ | D NO 310) QAVDVETGVY (SEQ D NO 311) E9. 8H
SYELTQPPSVSVSPGQTASI TCSGESL GDKYVSWQRKPGQSPVLVI YEDSVRPS

G PERFSGSMEGDRIIAREIRE SGT QPVDEADYYCQAWDSEVGVFGSGTKVT ( SEQ PDTNGS2@22%700CDR1
CDR2 CDR3 SGESLGDKYVS (SEQ I D NG 313) EDSMRPS (SEQ | D NO 314) QAVDSEVGV
(SEQ D NO 315) Anti-DLL4 A10 affinity maturation. In a manner
simlar to E9 affinity maturation descri bed above, sequence alignnent

showed thaty ymaanlagébuﬁmﬂhQ@wer%Qge%faaﬁq@@hlﬂlmaerm @h8shid LR inhyavbi@inBuman
germ ines VH3-30 and 5V2-1. Human gﬁg\ggl W sequences derived from VH3- 30
and V2-1, rROSPRIGRGHEsT cqppligrions aiiAsia P BRYREBPOTGBISst  dat abase to
generate s equendmdrt@lg(eﬁbodiﬂmsea BEGUERIEE pldgOs theementios édinkal tdetiltdee whi ch
positions wy ffi tur S.

e ALo 11 Erari e RERRRR LR PR e ksl Bhhe Bk oFFRMESE W RIRERES.

surface 1o metethekecyse. agdinst Juohwabshewntesgiedn g@fn%‘-imanm éﬁ@bl84|3)LL4
extracel | ul g@rand gRgakia P¥ T FRERSHLA Ko 1692 dak AMER GRMERLARL6AIQDy Cel | sorting.
Sel ection for inproved on-rate or off-rate or both vere carried out and
ant i body pri6t&P- sequences of affinity-nodulated Al 0 clones were recovered
for convert| ng bﬁsi@e&lﬁc éngﬁdlhﬁﬁtmalble&@cﬁd ietllﬁeﬁl&@borﬁ:ﬂilﬁlh@ﬁdcﬁbﬂldéaéquaﬂes The heavy
chain (VH & ln%r;]l mﬁmg fnof hle.rlanE: ol & r tﬁer 0 ]g)ylacfc Srapil 1WQ ebteolf%w in Table
9 and the Iig E’T\? regi ons of The™ 8rPini mat ured ©f ones are shown
bel ow i P Talmeetiomtre ali@unTmﬁdeo @eat qunabiaeagbﬂe)awh@h‘wardlsmégloonl@ of Mbfe of
Affinity Whehs A, eg)er tQJr%JynGgﬁgﬁepaEX/re%qu%ﬁE{ Rerformedb
1234567890123456789012 4567 g90 Al ﬁSCAASGFTFR
SHW/BVWRQAPEREIEHIAIY SHRICERIP S PEISIERPTIS %@mskmﬁmab&m&é@m of the

TAVYYCAKAM@ED&WMM&@SE@ RN 13dify) prédif oprdftly edRoHberRRGcdues 31-

35 of SEQID agent of thé i%ve%tl(% tga% ecﬁg’[gs' a3pr(¥)|}_1|ylactic or therapeutic effect.
15 Any of the methods for gene therapy available in the art can be used according to the

present invention. For general reviews of the methods of gene therapy, see Goldspiel et al., Clin.
Pharmacy, 12: 488-505 (1993); Wu and Wu, Biotherapy, 3: 87-95 (1991); Tolstoshev, Ann. Rev.
Pharmacol. Toxicol., 32: 573-596 (1993); Mulligan, Science, 260: 926- 932 (1993); and Morgan
and Anderson, Ann. Rev. Biochem., 62: 191-217 (1993); Robinson, C., Trends Biotechnol.,

20 11(5):155 (1993). Methods commonly known in the art of recombinant DNA technology which

can be used are described in Ausubel et al. (eds.), Current Protocols in Molecular Biology (John

Wiley & Sons, New York, 1993); and Kriegler, Gene Transfer and Expression, A Laboratory

Manual, (Stockton Press, New York, 1990). Detailed descriptions of various methods of gene
therapy are disclosed in US Patent Application Publication No. 20050042664 A1, which is
25  incorporated herein by reference.

In another aspect this invention provides a method of treating (e.g. curing, suppressing,
ameliorating, delaying, or preventing the onset of, or preventing recurrence or relapse of) or
preventing a DLL4-associated tumor in a subject. The method includes administering to a subject
a DLL4 binding protein, e.g., an anti-DLL4 antibody or fragment thereof as described herein, in

30  an amount sufficient to treat or prevent the DLL-associated tumor or cancer. The DLL4
antagonist, i.e., the anti-DLL4 antibody or fragment thereof, may be administered to a subject
alone or in combination with other therapeutic modalities as described herein.

DLLA4 plays a critical role in the pathology associated with a variety of diseases involving
immune and inflammatory elements, in particular cancer and tumor angiogenesis. Examples of

35  DLL4-associated disorders include, but are not limited to, those disorders that adversely effect the
following biological processes: neuronal function and development; stabilization of arterial

endothelial fate and angiogenesis; regulation of crucial cell communication events between

38



CDR- H2 Resi dues 50- 66 of SEQ ID NO. :316 || SYDGSNKYSADSVKG A10.3 VH CDR- H3
Resi dues 99 - 108 of SEQ ID NO :316 AGGGNVG-DI Al O K30 VH
EVQLVESCEENCRGESISRL SCAASCFTFG NHWEBW/RQAPGKGLEW/ADI SSDERYH¥2010/047006
ADSVKGRFTI SRDNSKNTLYLQLNSLRAED TAVYYCAKAGGGNVGFDI WBQGTWTVSS (SEQ 1D

NO 317) Al O K30 VH CDR-Hl1 Residues 31- 35 of SEQ ID NO :317 NHWBS Al O K30
VH CDR- H2 Resi dues 50- 66 of SEQ ID NO :317 DI SSDGRYKYYADSVKG A10 . K30 VH

CDR- H3 Resi ghy&erdh and & a@fumbsihd d3iNG forrdidn AGRNVhordibi Gh &ébgir Wi

EVQLVESGGGE. VOPGGSL SGFTFQ PGKGL |v| SYDGTI KYY
ADSVKGRFTI éﬁtﬁl@ﬂﬁ?ﬁ ﬁ%t%‘@o”ﬁ‘ﬂ\% %%%‘@W@f—' SUSEQ 1D
NG 318) Al QuikdR divrtieBDR-oIngResiadivesscddr-sysgim; O]fnel(;?E@ linEAgNGRecifi3diGh SVE Al O. K42
2 BB 55 SR B M SR 1
between the secretory and absorptive lineages in the gut; expansion of the hematopoietic stem cell
compartment during bone development and participation in commitment to the osteoblastic
lineage such as osteoporosis; regulation of cell-fate decision in mammary glands at several
distinct development stages; and certain non-nuclear mechanisms, such as control of the actin
cytoskeleton through the tyrosine kinase Abl. More specifically, DLL4-associated disorders
10 include, but are not limited to, cancers, T-ALL (T-cell acute lymphoblastic leukemia), CADASIL
(Cerebral Autosomal Dominant Arteriopathy with Sub-cortical Infarcts and
Leukoencephalopathy), MS (Multiple Sclerosis), Tetralogy of Fallot, and Alagille syndrome.
Preferably, antibodies and antigen-binding portions thereof as described herein are used to treat
cancers and tumors.
15 Binding proteins according to the invention can be used alone or in combination, i.e.,
more than one DLL4-binding protein described herein, to treat a cancer, a tumor, or other disorder
in which binding to, inhibition of, and/or neutralization of DLL4 is considered desirable or
otherwise beneficial to the health of an individual.

It should be understood that DLL4 binding proteins of the invention can also be used

20  alone or in combination with an additional agent, e.g., a therapeutic agent, said additional agent
being selected by the skilled practitioner for its intended purpose. For example, the additional
agent can be a therapeutic agent that is recognized in the art as being useful to treat a cancer,
tumor, or other disease or condition in which binding to or inhibition of DLL4 is considered to be
desirable or advantageous for treating the cancer, tumor, or other disease or condition. The

25  additional agent also can be an agent that imparts a beneficial attribute to the therapeutic
composition e.g., an agent which affects the viscosity of the composition.

It should further be understood that the combinations which are to be included within this
invention are those combinations useful for their intended purpose. The agents set forth below are
illustrative for purposes and not intended to be limited. The combinations, which are part of this

30  invention, can be the antibodies of the present invention and at least one additional agent selected
from the lists below. The combination can also include more than one additional agent, e.g., two
or three additional agents, if the combination is such that the formed composition can perform its
intended function.

Preferred combinations are non-steroidal anti-inflammatory drug(s) also referred to as

35  NSAIDS, which include drugs like ibuprofen. Other preferred combinations are corticosteroids
including prednisolone; the well known side-effects of steroid use can be reduced or even

eliminated by tapering the steroid dose required when treating patients in combination with the
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CDR- H3 Resi dues 99 - 108 of SEQ ID NO :318 AGGGNVGFDI A10. 9A VH
EVQLVESGGGVWQPGRSLRLSCAASGFTFR SYWVBVWRQAPGKGLEW/ATI SYDGRNKDY
ADSVKGRFTWERDNBKBL YL QLNSLRAED TAVYYCAKAGGGNVGFDI WEQGT MFTVES2¢188€Q 0hd

NO 319) A10.9A VH Residues 31- 35 of SEQ ID NO: 319 SYWBS A10. 9A VH
Resi dues 50- 66 of SEQ I D NO. :319 Tl SYDGRNKDYADSVKG A10. 9A VH Resi dues
99 - 108 of SEQ ID NO. : 319 AGGG\VGFDI A10.8A VH

%g\_/\réggFTl SRDNSK Ialll?l\?L L TEVgHtTAVYYCAKA Mma&%m\%ég%r SEQ I D
NO 320) AL0TERY a“if’%ég "‘ﬂ\gé@lgi“ a“élB"déff"rgﬁg ?YEB’OI%“ Ofgﬁéfw %0. 8A VH
Resi dues 50combhedihclBE@elfDIoN@g: cx3@0neBlipSRERMKY YWARSMKGy AL (sBE SWHs);Resi dues 99

Eva vEsceanss e SR e R bl i Jiseaslo T

ADSVKGRFT| IRONSKNTIL-Y1IDI4NSERIES ITFANABCARRAGANMG: 8 WEDSTIVIVSSENISE®D. | D
NO 321) AlOgk&syHrGiResd I‘b(ﬁs AibodR®ohe 1%%&119)&1@@% l%gcilmgsﬂm hdrlbr loAn VH

be combined with antibodies to cell surface molecules such as CD2, CD3, CD4, CD8, CD25,
CD28, CD30, CD40, CD45, CD69, CD80 (B7.1), CD86 (B7.2), CD90, CTLA or their ligands
including CD154 (gp39 or CD40L).

10 Preferred combinations of therapeutic agents may interfere at different points in the pro-
tumorigenic or pro-angiogenic signaling pathways. Preferred examples therapeutic agents useful
in the methods and compositions of the invention include antineoplastic agents, radiotherapy, and
chemotherapy such as DNA alkylating agents, cisplatin, carboplatin, anti-tubulin agents,
paclitaxel, docetaxel, taxol, doxorubicin, gemcitabine, gemzar, anthracyclines, adriamycin,

15  topoisomerase I inhibitors, topoisomerase II inhibitors, 5-fluorouracil (5-FU), leucovorin,
irinotecan, receptor tyrosine kinase inhibitors (e.g., erlotinib, gefitinib), COX-2 inhibitors (e.g.,
celecoxib), and kinase inhibitors.

The DLL4 binding proteins of the invention may also be combined with agents, such as
methotrexate, 6-MP, azathioprine sulphasalazine, mesalazine, olsalazine

20 chloroquinine/hydroxychloroquine, pencillamine, aurothiomalate (intramuscular and oral),
azathioprine, colchicine, corticosteroids (oral, inhaled and local injection), beta-2 adrenoreceptor
agonists (salbutamol, terbutaline, salmeteral), xanthines (theophylline, aminophylline),
cromoglycate, nedocromil, ketotifen, ipratropium and oxitropium, cyclosporin, FK506,
rapamycin, mycophenolate mofetil, leflunomide, NSAIDs, for example, ibuprofen, corticosteroids

25 such as prednisolone, phosphodiesterase inhibitors, adensosine agonists, antithrombotic agents,
complement inhibitors, adrenergic agents, agents which interfere with signaling by
proinflammatory cytokines such as or IL-1 (e.g. IRAK, NIK, IKK, p38 or MAP kinase inhibitors),
IL-1bTNFa converting enzyme (TACE) inhibitors, T-cellconverting enzyme inhibitors, TNFo
signaling inhibitors such as kinase inhibitors, metalloproteinase inhibitors, sulfasalazine,

30  azathioprine, 6-mercaptopurines, angiotensin converting enzyme inhibitors, soluble cytokine
receptors and derivatives thereof (e.g. soluble p55 or p75 TNF receptors and the derivatives
p75TNFRIgG (Enbrel™ and p5S5TNFRIgG (Lenercept)), sIL-1RI, sIL-1RII, sIL-6R),
antiinflammatory cytokines (e.g., IL-4, IL-10, IL-11, IL-13 and TGF), celecoxib, folic acid,
hydroxychloroquine sulfate, rofecoxib, etanercept, infliximab, naproxen, valdecoxib,

35  sulfasalazine, methylprednisolone, meloxicam, methylprednisolone acetate, gold sodium
thiomalate, aspirin, triamcinolone acetonide, propoxyphene napsylate/apap, folate, nabumetone,

diclofenac, piroxicam, etodolac, diclofenac sodium, oxaprozin, oxycodone hcl, hydrocodone
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Resi dues 50- 66 of SEQ ID NO.: 321 M SDDGRNKDYADSVKG A10. 1A VH Residues 99
- 108 of SEQ ID NO.: 321 AAGGNVG.DI A10.5D VH

EVQLVESCRENBEESISRL SCAASCGFTFG  SHWBW/RQAPGKGLEW/ADI SVDEBERHIE310/047006
ADSVKGRFTI SRDNSKNTLYLQWNSLRAED TAVYYCARAAGGNVG.DSWEQGTWTVSS (SEQ |1 D

NG 322) A10.5D VH Residues 31- 35 of SEQ ID NO : 322 SHWS Al10.5D VH

Resi dues 50- 66 of SEQ ID NO : 322 DI SVDGSNKYSADSVKG Protein Region

Sequence  kd4RA7B0de340 RUBANARIARRY AR AR a1@:, WinaiR&SinBHES, 19ado1 108 of
SEQ I D NO. E@Z %\@G@%}N@L DS Al .13A H . EVQ_VI%SGGG\/V’QD %RL%@M;H’SGFTFG
NHWWBVWRQAPEKEY. %@i??%\?ga %@%@@ﬁ?ﬁﬁ“@w&?%eﬂ_éﬁ RARSY
TAVYYCAKAGCHENWISH DI VBQOTIMATVSS li(l Qe hybrdsm3 2 3hdoAibMa S\ gMbbsalesi dues 31- 35 of
SEQ 1D NO.: su%%ﬁ;onm&%gty%é I—Mﬂ sulfadiazine, oxycodone HCl/acetaminophen, olopatadine hcl,
5  misoprostol, naproxen sodium, omeprazole, cyclophosphamide, rituximab, IL-1 TRAP, MRA,
CTLA4-IG, IL-18 BP, anti-IL-18, Anti-IL15, BIRB-796, SCIO-469, VX-702, AMG-548, VX-
740, Roflumilast, IC-485, CDC-801, and Mesopram. Preferred combinations include
methotrexate or leflunomide and in moderate or severe rheumatoid arthritis cases, cyclosporine.
Non-limiting examples of therapeutic agents for cancers with which a DLL4 binding
10 protein of the invention can be combined include the following: budenoside; epidermal growth
factor; corticosteroids; cyclosporin; sulfasalazine; aminosalicylates; 6-mercaptopurine;
azathioprine; metronidazole; lipoxygenase inhibitors; mesalamine; olsalazine; balsalazide;
antioxidants; thromboxane inhibitors; IL-1 receptor antagonists; anti-IL-13 monoclonal
antibodies; anti-IL-6 monoclonal antibodies; growth factors; elastase inhibitors; pyridinyl-
15  imidazole compounds; and antibodies to or antagonists of other human cytokines or growth
factors, for example, TNF, LT, IL-1, IL-2, IL-6, IL-7, IL-8, IL-15, IL-16, IL-17, IL-18, EMAP-II,
GM-CSF, FGF, and PDGF. Antibodies of the invention, or antigen binding portions thereof, can
be combined with antibodies to cell surface molecules such as CD2, CD3, CD4, CDS, CD25,
CD28, CD30, CD40, CD45, CD69, CD90, or their ligands. The antibodies of the invention, or
20  antigen binding portions thereof, may also be combined with agents, such as methotrexate,
cyclosporin, FK506, rapamycin, mycophenolate mofetil, leflunomide, NSAIDs, for example,
ibuprofen, corticosteroids such as prednisolone, phosphodiesterase inhibitors, adenosine agonists,
antithrombotic agents, complement inhibitors, adrenergic agents, agents which interfere with or
IL-1 (e.g., IRAK, NIK signaling by proinflammatory cytokines such as TNFo, IKK, p38 or MAP
25  kinase inhibitors), IL-1B converting enzyme inhibitors, TNFo, converting enzyme inhibitors, T-
cell signalling inhibitors such as kinase inhibitors, metalloproteinase inhibitors, sulfasalazine,
azathioprine, 6-mercaptopurines, angiotensin converting enzyme inhibitors, soluble cytokine
receptors and derivatives thereof (e.g., soluble p55 or p75 TNF receptors, sIL-1RI, sIL-1RII, sIL-
6R), and anti-inflammatory cytokines (e.g., IL-4, IL-10, IL-11, IL-13, and TGFp).
30 Other examples of therapeutic agents with which a DLL4 binding protein of the invention
can be combined include the following: TNF antagonists, for example, anti-TNF antibodies,
D2E7 (PCT Publication No. WO 97/29131; HUMIRA®), CA2 (REMICADE®), CDP 571,
TNFR-Ig constructs, (p75TNFRIgG (ENBREL®) and pS5TNFRIgG (LENERCEPT)) and PDE4
inhibitors. Binding proteins of the invention can be combined with corticosteroids, for example,
35  budenoside and dexamethasone. Binding proteins of the invention may also be combined with

agents such as sulfasalazine, 5-aminosalicylic acid, and olsalazine, and agents which interfere
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Resi dues 50- 66 of SEQ ID NO : 323 DI SSDGRYKYYADSVKG A10. 3A VH Resi dues 99
- 108 of SEQ ID NO. : 323 AGGG\VGFDI A10. 6B VH

EVQLVESCEENCRGESISRL SCAASCFTFG NHWEBW/RQAPGKGLEW/ADI SSDERYH¥2010/047006
ADSVKGRFTI SRDNSKNTLYLQLNSLRAED TAVYYCAKAGGGNVGFDI WBQGTWTVSS (SEQ 1D

NO 324) A10.6B VH Residues 31- 35 of SEQ ID NO: 324 NHWES Al10. 6B VH

Resi dues 50- 66 of SEQ ID NO. : 324 DI SSDGRYKYYADSVKG A10. 6B VH Resi dues

0 A5 MM B0 300 o g o
ADSVKGRFTI SIRBIGEIRE FHYPE IR r%ﬁ“ﬁ&ﬂ&%@ﬁ@ﬁ%ﬁ%ﬂ?@%ﬁ@ﬁQ | D

NG 325) AlOus8DviiH ceReghadiugmhiBilors, &b exiinp BHEGokib: BKase inBRiorSHWEpADRiBD VH
Resi dues 50, 166, Qe BeRirs Bt NPyt oPcaPbSRFRUNIAPIY K pidRiny b the
5 1invention can be combined with mesalamine, prednisone, azathioprine, mercaptopurine,
mfliximab, methylprednisolone sodium succinate, diphenoxylate/atrop sulfate, loperamide
hydrochloride, methotrexate, omeprazole, folate, ciprofloxacin/dextrose-water, hydrocodone
bitartrate/apap, tetracycline hydrochloride, fluocinonide, metronidazole, thimerosal/boric acid,
cholestyramine/sucrose, ciprofloxacin hydrochloride, hyoscyamine sulfate, meperidine

10 hydrochloride, midazolam hydrochloride, oxycodone hcl/acetaminophen, promethazine
hydrochloride, sodium phosphate, sulfamethoxazole/trimethoprim, celecoxib, polycarbophil,
propoxyphene napsylate, hydrocortisone, multivitamins, balsalazide disodium, codeine
phosphate/apap, colesevelam hcl, cyanocobalamin, folic acid, levofloxacin, methylprednisolone,
natalizumab, and interferon-gamma.

15 Non-limiting examples of therapeutic agents with which a binding protein of the
invention can be combined include the following: aspirin, nitroglycerin, isosorbide mononitrate,
metoprolol succinate, atenolol, metoprolol tartrate, amlodipine besylate, diltiazem hydrochloride,
isosorbide dinitrate, clopidogrel bisulfate, nifedipine, atorvastatin calcium, potassium chloride,
furosemide, simvastatin, verapamil hel, digoxin, propranolol hydrochloride, carvedilol, lisinopril,

20  spironolactone, hydrochlorothiazide, enalapril maleate, nadolol, ramipril, enoxaparin sodium,
heparin sodium, valsartan, sotalol hydrochloride, fenofibrate, ezetimibe, bumetanide, losartan
potassium, lisinopril/hydrochlorothiazide, felodipine, captopril, and bisoprolol fumarate.

The pharmaceutical compositions of the invention may include a "therapeutically
effective amount"” or a "prophylactically effective amount" of a binding protein of the invention.

25 A "therapeutically effective amount" refers to an amount effective, at dosages and for periods of
time necessary, to achieve the desired therapeutic result. A therapeutically effective amount of
the binding protein may be determined by a person skilled in the art and may vary according to
factors such as the disease state, age, sex, and weight of the individual, and the ability of the
binding protein to elicit a desired response in the individual. A therapeutically effective amount is

30  also one in which any toxic or detrimental effects of the binding protein are outweighed by the
therapeutically beneficial effects. A "prophylactically effective amount" refers to an amount
effective, at dosages and for periods of time necessary, to achieve the desired prophylactic result.
Typically, since a prophylactic dose is used in subjects prior to or at an earlier stage of disease,
the prophylactically effective amount will be less than the therapeutically effective amount.

35 Dosage regimens may be adjusted to provide the optimum desired response (e.g., a
therapeutic or prophylactic response). For example, a single bolus may be administered, several

divided doses may be administered over time or the dose may be proportionally reduced or
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Resi dues 99 - 108 of SEQ ID NO.: 325 AAGGNVG-DI A10.4C VH
EVQLVESGGGVWQPGGSLRLSCAASGFTFG  SHWWBVWRQAPGKGLEW/ADI SNDGRYAYS
ADSVKGRFTWEGRDNSIEABIL YL QLNSLRAED TAVYYCAKAGGGNVGFDI WEQGT MIFTYES2¢18AQ 00

NO 326) A10.4C VH Residues 31- 35 of SEQ ID NO: 326 SHWS Al10.4C VH
Resi dues 50- 66 of SEQ ID NO. : 326 DI SNDGRYAYSADSVKG Protein Region
Sequence  123456789012345678901234567890 A10.4C VH Residues 99 - 108 of

SEQ I D NO. : in3éeACHIWEE I the kaBlcRs d0ne (VaEgeaRls@uakibiOht is Chadiany Reghigasus( VL)  of
Affinity Matuyred A0 Clones. Protein region _Seque

nce . .
1234567890 10 $45H 78 B01 554 SEPRSHORIGIOFeUE ! OBy EL FORPEVSBETRE TCSADKLGTK
YVSWY QUKPGQsRMintly ¥ IMERPSGsh gbkit FoSGSINSCNHeATL rE e ST (I MEHEADYG GG suited as

DRSDWFGC:’GTul%Ter Idosgg%'s:'%r ][hlgmlélgmaﬁ?'a%?sabjé%gs% l;ge tr\é&tecg’%ﬁ %Hit containing a predetermined

5  quantity of active compound calculated to produce the desired therapeutic effect in association
with the required pharmaceutical carrier. The specification for the dosage unit forms of the
vention are dictated by and directly dependent on (a) the unique characteristics of the active
compound and the particular therapeutic or prophylactic effect to be achieved, and (b) the
limitations inherent in the art of compounding such an active compound for the treatment of

10 sensitivity in individuals.
An exemplary, non-limiting range for a therapeutically or prophylactically effective
amount of a DLL4 binding protein of the invention is 0.1-20 mg/kg, more preferably 1-10 mg/kg.
It is to be noted that dosage values may vary with the type and severity of the condition to be
alleviated. It is to be further understood that for any particular subject, specific dosage regimens
15  should be adjusted over time according to the individual need and the professional judgment of
the person administering or supervising the administration of the compositions, and that dosage
ranges set forth herein are exemplary only and are not intended to limit the scope or practice of
the claimed composition.
It will be readily apparent to those skilled in the art that other suitable modifications and
20  adaptations of the methods of the invention described herein are obvious and may be made using
suitable equivalents without departing from the scope of the invention or the embodiments
disclosed herein. Having now described the present invention in detail, the same will be more
clearly understood by reference to the following examples, which are included for purposes of
illustration only and are not intended to be limiting of the invention.
25 Examples
Example 1: In vitro Assays Used to Determine the Functional Activity of DLL4 Antibodies.
Example 1.1: Affinity Determination Using BIACORE® Surface Plasmon Resonance
Technology.
The BIACORE® surface plasmon resonance assay (Biacore, Inc., Piscataway, New
30  Jersey, US) determines the affinity of antibodies with kinetic measurements of on-rate and off-
rate constants. Binding of DLL4 antibodies to a purified recombinant DLL4 extracellular domain
is determined by surface plasmon resonance-based measurements with a Biacore® instrument
(either a Biacore 2000, Biacore 3000, or Biacore T100; GE Healthcare, Piscataway, New Jersey,
US) using running buffer HBS-EPB (10 mM HEPES [pH 7.4], 150 mM NaCl, 3 mM EDTA, 0.1
35  mg/ml BSA and 0.005% surfactant P20) at 25°C. For example, approximately 9000 RU of goat

anti-human Fc specific polyclonal antibody (Thermo Fisher Scientific Inc., Rockford, Illinois,
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Resi dues 23- 33 of SEQ ID NO : 327 SADKLGTKYVS Al10.3 VL CDR-L2 Residues 49-
55 of SEQ ID NO.: 327 QDAKRPS A10.3 VL CDR-L3 Residues 88 - 96 of SEQ ID
NO. : 327 WBUDRADN¥4Al O. L45 VL SYELTQPPSVSVSPGQTASI TCSRDENSZ®)0/047006
YVSWYQQKPGQSPVLVI YQDATRPSA PER FSGSNSGNTATLTI SGTQAMDEADYYCQAW
DRSGVVFGGGTKLTVL (SEQ ID NO 328) Al O L45 VL CDR-L1 Residues 23- 33 of SEQ
| D NO.: 328 SADELGTQYVS Al O L45 VL CDR-L2 Residues 49- 55 of SEQ ID NO.:

328 QDATRPSy#)1futedft 90 M Llilmlad RESHAYSS dB&1y indRbHredekdsd d&NEIescad iR B

QUESON A LTS L e e SRRl %%Sg%@gﬂmwm
DRSGVWWFGGEGTH pdked(nBERD2$ Dg/th UnB3eAOpd AbiGick dBthvbiodehdor duﬂfadR@&lbdjd% \7\21:3 33 of SEQ
I D NO. : 329t arrlﬁGS Y@n all[713 \{L Cg)tRnL .Redsijgydutgslﬁg6 55 MOLIphS %%P NO. :
329 QDAQRPS'REG™IY EHRDS RS FUEELS BBV TR 8¢ 1°5 gﬁnB 8
QAVDRSGWY  are fitted 31mu1taneously to multiple antigen mJectlons (using global fit analysis) with the use of
Scrubber 2 (BioLogic Software), Biacore Biaevaluation 4.0.1 software or Biacore T100
Evaluation software. Purified antibodies are diluted in running buffer for capture across goat anti-
human Fc reaction surfaces. Antibodies to be captured as a ligand (1 pg/ml) are injected over
reaction matrices at a flow rate of 10 pl/min. During the assay, all measurements were referenced
10 against the capture surface alone (i.e., with no captured anti-DLL4 antibody). The association and
dissociation rate constants, K., (M'ls'l) and K.g (s'l) are determined under a continuous flow rate
of 80 pl/min. Rate constants are derived by making kinetic binding measurements at different
antigen concentrations ranging from 1.23 — 900 nM, as a 3-fold dilution series, and included
buffer-only injections (to be used for double referencing). The equilibrium dissociation constant
15  Kp (M) of the reaction between antibodies and the target antigen is then calculated from the
kinetic rate constants by the following formula: Kp =K /K., Binding is recorded as a function
of time and kinetic rate constants are calculated. In this assay, on-rates as fast as 10° M's™ and
off-rates as slow as 10° s can be measured.
Example 1.2: Binding of DLL4 Antibodies to Soluble DLL4 Extracellular Domain as
20  Determined by ELISA.
Method 1 (Capture ELISA).
96-well Nunc-Immuno plates (#439454) were coated with 5 pg/ml antibody against
human IgG (Fcg fragment specific, Jackson ImmunoResearch, #109-005-098, 100 pl/well) in D-
PBS (Gibco #14190) and incubated overnight at 4°C. ELISA plates were washed 3 times with
25  wash buffer (PBS, 0.05% Tween-20) and then blocked with 200 ml/well blocking buffer (D-PBS,
1% BSA, 1 mM CaCl,, 0.05% Tween-20) for 1 hour at 25°C. Plates were washed 3 times and
incubated with 100 pl/well DLL4 antibodies (0.0001-100 nM, 10-fold serial dilution in blocking
buffer) for 1 hour at 25°C, and then washed again 3 times. Plates containing captured DLL4
antibody were incubated with biotin-labeled human DLL4 extracellular domain (10 nM in
30  blocking buffer, 100 pl/well) for 1 hour at 25°C, washed 3 times, and incubated with streptavidin
conjugated with HRP (KPL #474-3000, 1:10,000 dilution in blocking buffer, 100 pl/well) for 1
hour at 25°C. After the final wash, plates were incubated with 100 pl/well ELISA substrate (1-
Step Ultra TMB-ELISA, Pierce #340280). The reaction was stopped after 2 minutes at 25°C with
100 pl/well 2 N H,SO,4 and the absorbance was read at 450 nm. Data were analyzed using
35  Graphpad Prism software and ECs, values were reported.

Method 2 (copper coated plate).
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Al10. 3A VL SYELTQPPSVSVSPGQOTASI TCSADNLCGEK  YVSWYQRKPGQSPVLVI YQDATRPSG PER
FSGSNSGNTATLTI SGTQAVDEADYYCQSW DSSGAVFGGGTKLTVL (SEQ | D NO 330) A10.3A VL
CDR- L1 Res0con#02284 33 of SEQ I D NO. : 330 SADNLGEKYVS PRTaiSeé10/047gé on
Sequence 123456789012345678901234567890 A10. 3A VL CDR-L2 Residues 49- 55
of SEQ I D NO.: 330 QDATRPS A10. 3A VL CDR-L3 Residues 88 - 96 of SEQ ID NO.:
330 QSWDSSGAV A10. 6B VL SYELTQPPSVSVSPGQTASI TCSADNLGNQ

YVSWY QRKPGEPVL %QD@MBE%S@ EPERNREN Akl §ﬁ§9%\@§é’s@éé\é@%%1 was
DWSGEVFGGGTKL TVL tgﬁgﬁélﬁlo 6B VL : CDR- Resi dues 23- th33hof SEQ

ID NO : 331°USarRE §W,&ilb20éhe e ueppd then %}E?P%@@ A9ul yell offhumgry | p NO ;331

Azlo 3D' SvfloDﬁB‘ DWorGloRselsd LRI o U@ DBB4-his 401 |@FmISERBY, DniPai 2583 VitkAMBNECEV

Plates were then washed 3 times. 100 ul/ well of recombinant rat/human chimeric or recombinant
5 human anti-DLL4 antibodies were then added to the plate (0.00164-27 nM, 4-fold serial dilution
in ELISA buffer = PBST, 10% Superblock (Pierce #37515)) for 1 hour at 25°C with shaking and
then washed again 3 times. Plates were incubated with goat anti-human HRP (Pierce #31412)
(1:40,000 dilution in ELISA buffer, 100 pl/well) for 1 hour at 25°C with shaking, then washed 3
times. After the final wash, plates were incubated with 100 pl/well ELISA substrate (Sigma

10 #T8665). The reaction was stopped after 8 minutes at 25°C with 100 ul/well 1IN HCI and the
absorbance was read at 450 nm. Data were analyzed using Graphpad Prism software and EC50
values were reported.

Example 1.3: Binding of DLL4 Monoclonal Antibodies to the Surface of Human Tumor Cell
Lines as Assessed by Flow Cytometry (FACS).

15 Stable cell lines overexpressing cell-surface DLL4 were harvested from tissue culture
flasks, washed four times and resuspended in phosphate buffered saline (PBS) containing 1%
bovine serum albumin and 1 mM CaCl, (FACS buffer). 1.5 x10° cells were incubated with
antibodies at various concentrations in FACS buffer for 60 minutes on ice. Cells were washed
twice and 50 pL of R-phycoerythrin-conjugated anti-rat IgG, F(ab'), fragment (1:200 dilution in

20  FACS buffer) (Jackson ImmunoResearch, West Grove, Pennsylvania, US, Cat.#112-116-072)
was added. Following an incubation on ice (4°C, 60 minutes), cells were washed three times and
resuspended in FACS buffer. Fluorescence was measured using a Becton Dickinson
FACSCalibur-HTS (Becton Dickinson, San Jose, California, US). Data were analyzed using
Graphpad Prism software and ECsg values were reported as the concentration of antibody to

25  achieve 50% of maximal DLL4 antibodies binding to DLL4 expressing cells.

Example 1.4: Inhibition of Notch-1 Interaction with Soluble DLL4 Extracellular Domain by
DLL4 Antibodies (competition ELISA).

96-well Nunc-Immuno plates (#439454 for huDLL4 ELISA) and 96-well Costar plates
(#9018 for muDLL4 ELISA) were coated with 16 nM human Notch-1 (R&D Systems #3647-TK,

30 100 pl/well in D-PBS) and incubated overnight at 4°C. Plates were then washed 3 times with
wash buffer (PBS, 0.05% Tween-20) and blocked with 200 pl/well blocking buffer (D-PBS, 1%
BSA, 1| mM CaCl,, 0.05% Tween-20) for 1 hour at 25°C. While blocking, biotin labeled human
DLL4 extracellular domain (14 nM) was mixed with antibody (30 pM-66 nM, 3-fold serial
dilution in blocking buffer) for 1 hour at 25°C with shaking. Assay plates were washed after

35  blocking, and incubated with DLL4/ antibody mixtures (100 pl/well, 1 hour at 25°C with

shaking). Plates were washed again and 100 pl/well streptavidin conjugated with HRP
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SYELTQPPSVSVSPGQOTASI TCSADKLGTK  YVSWYQRKPGQSPVLVI YQDGNRPSG PER
FSGSNSGNTATLTI SGTQANVDEADYYCQSW DQSGAVFGGGTKLTVL (SEQ | D NO 332) A10.3D VL
CDR- L1 Res0don#02284 33 of SEQ I D NO. : 332 SADKLGTKYVS APOTAS2040/0C0Rs L2

Resi dues 49- 55 of SEQ ID NO : 332 QDGNRPS A10.3D VL CDR-L3 Residues 88 -
96 of SEQ ID NO : 332 QSWDQSGAV Al10. 4C VL SYELTQPPSVSVSPGQOTASI TCSADNL GNQ
YVSWYQRKPGRSPVLVI YQDGVRPSG PER FSGSNSGNTATLTI SGTQAMDEADYYCQAW

DSSGAVFGEGT ikl kM1 (055 1 depiNehx, Sl 1440 ﬂi@loVEngmeb haRRAbdbeSA3n 288 Oof SEQ
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washing the cells two times with FACS buffer, 50 uL of R-phycoerythrin-conjugated streptavidin
(1:150 dilution in FACS buffer) (Jackson ImmunoResearch, West Grove, Pennsylvania, US,

20  catalog no. 016-110-084) were added. Following an incubation on ice (4°C, 60 minutes), cells
were washed three times and resuspended in FACS buffer. Fluorescence was measured using a
Becton Dickinson FACSCalibur-HTS (Becton Dickinson, San Jose, CA). Data were analyzed
using Graphpad Prism software and ICs, values were reported as the concentration of antibody to
achieve 50% reduction of Notch1 bound to DLL4 expressing cells.

25  Example 1.6: Inhibition of DLL4-dependent Increase of sVEGFR1 (sFLT1) in EA.hy926 Cells
by DLL4 Antibodies.

Tissue culture plates, 96-well, were coated with 100 pl/well human DLL4 extracellular
domain at 1.67 mg/ml in D-PBS (Gibco #14190) and incubated overnight at 4°C. Plates were
washed once with D-PBS and 4000 EA.hy926 cells/well were seeded in the absence or presence

30  ofantibodies. Cell proliferation was measured four days later using the CyQUANT Cell
Proliferation Assay Kit (Invitrogen, #C35007). sVEGFR1 expression in the conditioned media
was detected by an ELISA kit per the manufacturer's recommendations (R&D Systems
#DVR100B). Levels of sVEGFR1 were normalized to the RFU determined by CyQUANT assay
to account for differences in cell proliferation.

35  Example 1.7: Inhibition of DLL4-Dependent Notch Activation in EA.hy926 Cells by DLL4

Antibodies using Notch reporter assay.
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exclusion effects. According to this theory, proteins are sterically excluded from the regions of
solvent that are occupied by PEG linear chains. As a result, proteins are concentrated and
eventually precipitated when their solubility is exceeded. In thermodynamic terms, the steric

20 exclusion leads to an increase in the chemical potential of the protein until it exceeds that of the
pure solid state, resulting in protein precipitation. This happens mainly because of a large
unfavorable free energy of interaction between PEG and proteins, reducing the preferential
hydration of protein due to steric exclusion effects. In aqueous solutions, preferential hydration
helps to maintain the native structure of proteins. Generally, volume exclusion has been shown to

25  become more effective with increasing molecular weight of the PEG, i.e., less PEG is needed to
precipitate proteins with increasing PEG molecular weight.

A PEG molecular weight of 3000 was chosen for estimating the solubility of the
antibodies covered by this patent. A 50% PEG solution was made by dissolving PEG in
deionized water in the ratio of one gram of PEG to 1 mL of water. The PEG solution is then

30  added to a solution of antibody which is initially at a concentration of less than or equal to 0.5
mg/ml and a volume of 0.5 mL. The PEG solution is continually added and mixed until the first
instance of cloudiness persists. The percentage of PEG 3000 needed to cause this precipitation is
calculated as 50 x (volume of PEG 3000 solution added / initial volume of antibody solution
before PEG addition).

35 The percentage of PEG 3000 needed for precipitation is compared to the percentage
needed for precipitation of protein with known water solubility. For example, the water solubility

of adalimumab exceeds 200 mg/mL. Consequently, if the percentage of PEG 3000 required to
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56 E9- SE8 E9vh4r2 E9AVK 85 Table 12. Binding affinities of the E9 anti body
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Bi acore, wOQR0HACR64Bi ndi ng Data Human DLL4 Mouse DLL4 @¢mawsBubA47né i body
Bi ndi ng ELI SA (EC50, nM Biacore (Kd, nM Binding FACS (Kd, nM Binding

ELI SA (EC50, nM Biacore (Kd, nM Binding FACS (Kd, nM Binding ELISA
(EC50, nM Biacore (Kd, nM E9-SE1 0.16 15.2* 3.45 0.19 12.83 1.34 0.14
5.42 E9- SEZpr&ﬁiplt&e pd p14)§:in5)f Ziterest is similar to the percentage needed to precipitate adalimumab then

the predicted solubility of that protein will be similar to the solubility adalimumab.
Real Solubility Method.
Real solubility is determined by using Amicon centrifugal filters to concentrate a protein
5 1in solution until the protein is observed to precipitate out of solution or until the minimum volume
to which the protein can be concentrated within the filter unit is reached. For the latter, 15 mL
Amicon centrifugal filters have a minimum volume of approximately 50 pl while 4 mL Amicon
centrifugal filters have a minimum volume of approximately 15 ul.

First a protein is dialyzed into a specific formulation(s). For these studies, the antibody

10 amount was 10 mg or much less. Then the protein solution is inserted into the Amicon centrifugal
filter retentate chamber. The chamber is lined with a nitrocellulose membrane with pores that
permit molecules of less than 10 to 30 kilodaltons to pass when subjected to centrifugal force.
Antibodies which are typically above 140 kilodaltons will be retained while water, buffer
molecules, small excipients, and salts will pass through. The centrifugal filter is then centrifuged

15  according to manufacturer specifications until the protein is observed to precipitate out of solution
or until the minimum volume to which the protein can be concentrated within the filter unit is
reached.

After centrifugation, the protein solution is removed from the retentate chamber and the
concentration is measured by ultraviolet absorbance. The solution is then kept at 25°C and 5°C

20 for 1 to 2 days and is monitored for signs of precipitation.
Near UV-CD Technique.

Near UV-CD spectroscopy provides important information about the tertiary structure of
proteins and is one of the most used techniques in this regard. CD refers to the differential
absorption of the left and right circularly polarized components of plane polarized radiation. For

25  proteins, the chromophores in the near UVCD region (250 — 320 nm) are the aromatic amino
acids, i.e., tryptophan, tyrosine, and phenyl-alanine, and the disulfide bonds, and the CD effect
occurs when the chromophores are present in an asymmetric (buried) environment. Signals in the
region from 250-270 nm are attributable to phenylalanine residues, signals from 270-290 nm are
attributable to tyrosine, and those from 280-300 nm are attributable to tryptophan. Disulfide

30  bonds give rise to broad weak signals throughout the near-UV spectrum. The near-UV CD
spectrum can be sensitive to small changes in tertiary structure such as those due to protein-
protein interactions and/or changes in formulation conditions.

There are a number of other factors that can influence the CD spectra of aromatic amino
acids. Among these are: (1) the rigidity of the protein, (2) the nature of hydrogen bonding, and

35  (3) interactions between various aromatic amino acids. Additionally, proteins with large number
of such amino acids can have smaller CD bands due to the cancellation of the positive and

negative bands.
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Briefly, a protein dialyzed into the desired formulation(s) at 1 mg/ml and is scanned from
250-320 nm or 240-320 nm with a Jasco 800 CD spectrometer. The corresponding formulation
without protein is also scanned and the readings subtracted from that of the scan of the protein
solution. A near UV-CD spectra is a plot of molar ellipticities versus wavelength from 250 or 240

5 t0o320nm.

For antibodies in general, a near UV-CD spectrum with a semi-sigmoidal profile indicates
good tertiary structure folding while a flatter and less featured profile indicates a greater tendency
to unfold. Compact folding is associated with good stability while poor folding exposes the
hydrophobic interior which may lead to hydrophobic interactions among protein molecules

10 resulting in the formation of undesired aggregates.
DSC Technique.

The thermal stability of the antibodies was assessed using a DSC instrument. The DSC
instrument used was an automated VP-DSC equipment with Capillary Cell (Microcal, GE
Healthcare Ltd./Microcal, Buckinghamshire, UK). Unfolding of molecules was studied applying

15  al1°C/minute scan rate over a 25°C - 95°C temperature range for samples at 1 mg/mL. Additional
measurement parameters applied were a fitting period of 16 seconds, a pre-scan wait time of 10
minutes, and measurements were performed in none- feedback mode. Per individual
measurement, 420 uL of sample/blank were filled into the DSC measurement sample holder, with
a plate fill scheme as provided below. The thermograms obtained were fitted to a non two state

20  model to obtain the midpoint temperatures and enthalpies of the different transitions.

An additional requirement for successful biologics development candidate is that the
protein remains its native state and conformation. A protein in aqueous solution is in equilibrium
between the native (folded) conformation and its denatured (unfolded) conformation. The
stability of the native state is based on the magnitude of the Gibbs free energy (DG) of the system

25  and the thermodynamic relationship between enthalpy (DH) and entropy (DS) changes. A
positive DG indicates the native state is more stable than the denatured state — the more positive
the DG, the greater the stability. For a protein to unfold, stabilizing forces need to be broken.
Conformational entropy overcomes stabilizing forces allowing the protein to unfold at
temperatures where entropy becomes dominant. DSC measures DH of protein unfolding due to

30  heat denaturation. As a general rule it can be stated that the higher the transition midpoint (the
Tm), the more stable the protein at lower temperatures. During the same experiment DSC also
measures the change in heat capacity (DCp) for protein denaturation. Heat capacity changes
associated with protein unfolding are primarily due to changes in hydration of side chains that
were buries in the native state, but become solvent exposed in the denatured state. DSC has been

35  shown to be a valuable predictor of liquid formulation stability for proteins and other biological
macromolecules (Remmele and Gombotz, BioPharm., 13: 36-46 (2000), and Remmele et al.,

Pharm. Res., 15: 200-208 (1998)).
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Size exclusion chromatography was used to separate proteins based on size. Proteins are
carried in an aqueous mobile phase and through a porous stationary phase resin packed in a
column. The retention time in the column is a function of the hydrodynamic size of the protein
and the size of the pores in the packed resin bed. Smaller molecules can penetrate into smaller
pores in the resin and are retained longer than larger molecules. Upon elution from the column
the proteins are detected by UV absorbance. The SEC method used a TSK gel guard (TOSOH
Biosciences, Montgomeryville, Pennsylvania, US, cat. no. 08543) and a TSK gel G3000SWxL
(TOSOH Biosciences, Montgomeryville, Pennsylvania, US, cat. no. 08541). The mobile phase
was 100 mM Na,HPO,, 200 mM Na,SO,, pH 6.8. The flow rate was 0.25 mL/minute. Injection
volume was 20 uL of 1 mg/mL sample. The column temperature was room temperature. The
autosampler temperature was 2-8°C. The total run time was 55 minutes. The detection was based
on UV absorbance at 214 nm wavelength, with band width set at 8 nm, using reference
wavelength at 360 nm with band width 100 nm.

Freeze-Thaw Method.

Antibody solutions at 1 mg/ml in the desired formulation(s) are frozen at -80°C for at
least 4 hours and are then thawed at 30°C in a water bath. The solution is then refrozen at -80°C.
This is repeated for 5 cycles. After certain freeze-thaw cycles, e.g., second and fourth, a portion
of the solution may be withdrawn for analysis by SEC before refreezing. Freeze-thaw stability
testing is done at low protein concentration in order obtain a "worse-case scenario” due to greater
exposure of protein molecules to the denaturing ice-water interfaces. At higher concentrations,
proportionally less protein encounters the ice-water interface, instead interacting with other
protein molecules.

Accelerated Stability Method.

Antibody solutions at 1 mg/ml in the desired formulation(s) are passed through 0.22 pum
PVDF filters under sterile conditions and incubated at 40°C and/or 50°C for at least 21 days. At7
days and 21 days, aliquots are withdrawn under sterile conditions and subjected to analysis by
SEC. Solutions are then returned to incubation.

Example 2: Generation and Isolation of Anti-DLL4 Human Monoclonal Antibodies E9 and A10
by PROfusion mRNA Display Technology.

Using PROfusion mRNA display technology (see, Chung-Ming Hsieh et al., US Patent
Application Publication No. 2010/0099103), pooled human spleen and lymph node antibody
libraries were selected seven rounds against DLL4 antigens: 100 nM biotin-labeled human DLL4
extracellular domain (round 1 and 2), a mixture of 50 nM biotin-labeled human DLL4
extracellular domain, and 50 nM biotin-labeled mouse DLL4 extracellular domain (round 3), 100

nM biotin-labeled human DLL4 extracellular domain (round 4 and 5), 293G cells stably

100

nc

nM
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expressing human DLL4 and 100 nM biotin-labeled human DLL4 extracellular domain (round 6),
BAF3 cells stably expressing human and mouse DLL4 (round 7). Both A10 and E9 were
identified from the round 7 selection of the antibody libraries (Table 4). When constructed in
wild type human IgG1, they are renamed A10.1 and E9.1, respectively.

Table 4. Anti-DLL4 PROfusion Fully Human Antibody Clones E9 and A10 Sequence

Information (Kabat numbered CDRs are indicated by underlining)

Clone | Source | Isotype \Y Germline Sequence
Region

12345678901234567890

EVQLQESGPGLVKPSETLSL
TCTVSGGSISSSSYYWGWIR
VH VH4-39 | QPPGKGLEWIGDIYYTGSTY
YNPSLKSRVTISVDTSKNQF
SLKLSSVTAADTAVYYCARE
Human | hulgG1: DVILRGGSDYWGQGTLVTVS
E9 Lymph VL(L), S (SEQ ID NO:1)

Node | VH(L234, SYELTQPPSVSVSPGQTASI
235A) TCSGQRLGDKYASWYQQKPG
VL V2-1 QSPVLVIYEDSKRPSGIPER
FSGSNSGDTATLTISGTQPM
DEADYYCQAWDRDIGVEGYG
TRVIVL (SEQ ID
NO:111)
EVQLLESGGGLVKSGGSLRL
SCAASGFTFRSHWMSWVRQOA
VH VH3-30 | PGKGLEWVAIISYDGSNKYS
ADSVKGRFTISRDNSKNTLY
LOLNSLRAEDTAVYYCAKAG
hulgG1: GGNVGFDIWGQOGTMVTIVSS
Human VL(R), (SEQ ID NO:112)

A10 Spleen | VH(L234, LPVLTQPPSVSVSPGQTASI
235A) VL V2-1 TCSADKLGTKYVSWYQQKPG
QSPVLVIYQDAKRPSGIPER
FSGSNSGNTATLTISGTQTM
DEADYLCQSWDRSDVVEGGG
TKVIVL (SEQ ID
NO:113)

Example 3: In Vitro Characterization of PROfusion Antibodies E9 and A10.

10 The DLL4 antigen binding affinities for E9 and A10 were determined by the BIACORE
technology as described in Example 1.1. As shown in Table 5, below, E9 and A10 have similar
equilibrium dissociation constant values against human DLL4 (K, of 3.36 and 6.68 nM,
respectively) and cynomolgus monkey DLL4 (K of 4.2 and 7.8 nM, respectively). E9 also cross-
reacts with mouse and rat DLL4 (Kp of 16 and 15 nM, respectively).
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SEQ I D No. Protein region Sequence 123456789012345678901234567890 334
VH E9.1 EVQLQESGPGLVKPSETLSLTCTVSGGESI S SSSYYWOW RQPPCGKGLEW GDI YYTGSTY
YNPSLKSRWYOIVDTBENOFSLKLSSVTAA DTAVYYCAREDVI LRGGSDYWEQGPLYIDER18/0470081 E9. 1
CDR- H1 Residues 31- 37 of SEQ ID NO. :334 SSSYYWG VH E9.1 CDR-H2 Resi dues
52- 67 of SEQ ID NO. :334 DI YYTGSTYYNPSLKS VH E9.1 CDR-H3 Resi dues
100-1100f SEQ I D NO. :334 EDVI LRGGSDY 123456789012345678901234567890

335 VL E9. IrapR¥ERRATERMSNSGIRIASL TORSAR: (! ¥ARMY QQKPGSPVLVI YEDSKRPSG PER

FSGSNSGDTAT LLTH-SGTFORPNDEADYYCOAW DRDTGVEGYGCTRVIVLG VILE9 1 CDR-L1 Residues
23- 33 of SEQ ID NO :335 SGCORLGOKYAS.(ics on Biacore
MAb huDLL4 ECD cynoDLL4 ECD muDLL4 ECD ratDLL4 ECD
Ka Kd | Kp Ka Kd | Kp | Ka Kd | Kp | Ka Kd | Kp
E9 2.0 6.6 3.36 1.8 7.4 4.2 1.8 2.6 16 1.9 2.9 15
E+04 | E-05 E+04 | E-05 E+04 | E-04 E+04 | E-04
Al0 2.2 1.5 6.68 1.9 1.5 7.8 - -- NB - - NB
E+04 | E-04 E+04 | E-04
MAD = monoclonal antibody; E = multiply by 10 to indicated exponent; Ka (M's™);
Kd (s); Kp (nM); NB = no binding (900 nM DLL4)
5 Antibody-antigen binding activity was also evaluated using ELISA and FACS based

assays (described in Example 1.2, 1.3 and ECs, values reported in Table 3). In addition to binding
to recombinant DLL4 extracellular domain (ECD), E9 and A10 can both bind DLL4 expressed at
cell surface (Table 6).

The ability of the antibodies to block DLL4 interaction with its receptor Notchl was
assessed with ELISA and FACS based competition assays as described in Example 1.4 and 1.5.
As shown in Table 6, E9 and A10 efficiently blocked the interaction of Notchl with DLL4 (ECD

10

and cell-bound form). In addition, cell-based functional assays were developed to further

determine the ability of the antibodies to neutralize DLL4-mediated cellular activity ir vitro (as

described in Examples 1.6 and 1.7). Both E9 and A10 inhibited DLL4-induced Notch activation
15  and sVEGFRI expression in EA.hy926 cells (Table 6).

Table 6. PROfusion DLL4 antibody iz vitro potency.

Functional Blockade Assays
sVEGFR1

Direct Binding Assays

Competition |Competition Inhibition of

Capture ELISA FACS

(ECso, nM)

(ECso, nM)

ELISA
(ICsp, nM)

FACS
(ICsp, nM)

Inhibition
(ICsp, nM)

MAD

DLL4 ECD

DLL4 Cells

DLL4 ECD/

huNotch-1/
DLL4 cells

DLL4 ECD/

Notch
activation via
huDLL4 cells,
coculture

huNotch-1
hu | mu [cyno

E9 [ 0.17 10.18]1 040 | 723 1 032 | 1.7 2.1 |2.1|234]32 1.0 104

Al10 | 0.17 - 10441093 - 26| - |51 44 - 1.5 -
MAD = monoclonal antibody; hu = human; mu = murine; cyno = cynomolgus monkey

EaHy cells
hu mu

(ICso, nM)
6.2
7.3

hu | mu | cyno| hu mu hu | mu

Example 4: Affinity Maturation of PROfusion Antibodies E9 and A10.
Anti-DLL4 E9 Affinity Maturation.
Sequence alignment showed that the DLL4 antibody E9 shares the highest identity to

20

human germlines VH4-39/JH4 and V2-1/JL6. To improve the affinity of E9 to DLLA4,

hypermutated CDR residues were identified from other human antibody sequences in the
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VL E9.1 CDR-L2 Residues 49- 55 of SEQ ID NO. :335 EDSKRPS VL E9.1 CDR-L3
Resi dues 88- 96 of SEQ ID NO :335 QAWDRDTGV
12345678MW0281%132F®901234567890 336 VH E9- SE1 PCT/US2010/047006

EVQLVESGGELVQPGGSLRLSCAVSGGESI S SSSYYWGW RQAPGKGLEW GDI YYTGSTY
YNPSLKSRVTI SVDTSKNSFYLOWSLRAE DTAVYYCAREDVI LRGGSDYWGEQGTLVTVS S
CDR- H1 Residues 31- 37 of SEQ ID NO. :336 SSSYYWG  VH E9- SE1 CDR- H2

Resi dues SZI%Bﬁismata%%@tﬂanmam‘d%g@ idehoY
Resi dues 100- : 33

EDVI DY

VH E9- SE1

%‘MMW@ and VRL1E9nSE1 CDR- H3

AT RO IR N A —

having low degeneracy at these positions to create three antibody libraries in the scFv format

10

suitable for use an affinity maturation procedure. The first library contained mutations at residues

30, 31, 32, 33, 50, 54, 56, and 65 in the VH CDR1 and 2 (Kabat numbering); the second library at

residues 95 to 100, 100a, 100b, 100¢, and 102 in VH CDR3; and the third library at residues 27,
30, 31, 33, 52, 53, 93 to 96 in the three VL CDRs. To further increase the identity of E9 to the

human germline framework sequences, an Arg at VL position 103 was mutated to a Lys and a

binary degeneracy at VL positions 80 (A/P) and 100 (S/Y) was also introduced into the third

library (Table 7).

Table 7. Mutations in E9 VH and VL Amino Acid Sequences for Affinity Maturation.

Mutated E9 VH Sequence (SEQ ID NO:114):

NNGN S
G NT L
R G

R

N E YAMAYGGAA
D FSLPFS SL
G QGPRMQ WV
Wwv S A R

LE K

AN Q

\Y

G

M

E

D

S
N
H
E
R
L
P
C
I
M

EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYYTGSTYY

N N N
AT
G

T H

NPSLKSRVTISVDTSKNQEFSLKLSSVTAADTAVYYCAREDVILRGGSDYWGQGTLVTVSS

Mutated E9 VL Sequence (SEQ ID NO:115):

ES E V
DG

HeRE

FSGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEFGYGTRVTIVL
A SEVA S K
M AC
E S
M

N
K

Q

LT
TE
AN
EQ
FS

M

SYELTQPPSVSVSPGOQTASITCSGORLGDKYASWYQOKPGQSPVLVIYEDSKRPSGIPER
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LYVL TQPPSVSVSPGQTASI TCSGQRLGDK  YASWQQKPGQSPVLVI YEDSKRPSG PER

FSGSNSGDTATLTI SGTQTMDEADYL CQAW DRDTGVFGGGTKVTVLG
SEqQuenoresveds 123456789012345678901234567890
Resi dues 23- 33 of SEQ I D NO
49- 55 of SEQ I D NO
: 337 QAVDRDTGV

regi on

I D NO

: 337 EDSKRPS

© 337 SGORLGDKYAS

SEQ ID No. Protein

VL PESASE 0QDR0G. 1
VL E9- SE1 CDR-L2 Resi dues
VL E9- SE1 CDR-L3 Residues 88- 96 of SEQ
123456789012345678901234567890 338 VH E9- SE2

EVQLVESGGELVQPGGSLRLSCAVSGESI S SSSYYWGW RQAPGKGLEW GDI YYTGSTY

YNPSLKSRVTI SVDTSKNSEY QVNSL RAE D
CDR- HL Resi dues 3% F87°
Resi dues 52sele@dd a@hinSEEQ@wW donddDratio BEFDidDhWEIEB T ¥NRSEIKEr domain by magnetic then

fluorescence activated cell sorting (FACS). Selection for improved on-rate, off-rate, or both were

10

carried out and antibody protein sequences of affinity-modulated E9 clones (Table 8) were

recovered for converting back to IgG format for further characterization.

Table 8. Protein sequences of antibody clones identified from affinity maturation libraries for

anti-DLL4 antibody E9.

VH E9- 5E2

AVYYCAREDVI | RGGSD LVTVS S
Blfles§€@trlaﬁ;[‘?§l@?d 1?“‘3:%5{2%%%@%%61 OnEY EHASES VPR H

Affinity Matured Clones: Heavy Chain (VH) Regions
E9.4 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARYDVSLGGSSDH
WGQGTLVTVSS (SEQ ID NO:116)
CDR1 CDR2 CDR3
SSSYYWG DIYYTGSTYYNPSLKS YDVSLGGSSDH
(SEQ ID NO:117) (SEQ ID NO:118) (SEQ ID NO0O:119)
E9.11 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREAVPLGGGSDY
WGQGTLVTVSS (SEQ ID NO:120)
CDR1 CDR2 CDR3
SSSYYWG DIYYTGSTYYNPSLKS EAVPLGGGSDY
(SEQ ID NO:121) (SEQ ID NO:122) (SEQ ID NO:123)
E9.14 EVOLOESGPGLVKPSETLSLTCTVSGGSISNSRYHWGWIRQSPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAEDTAVYYCAREDVILRGGSDY
WGQGTLVTVSS (SEQ ID NO:124)
CDR1 CDR2 CDR3
NSRYHWG DIYYTGSTYYNPSLKS EDVILRGGSDY
(SEQ ID NO:125) (SEQ ID NO:126) (SEQ ID NO:127)
E9.17 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREEATLGGGSDY
WGQGTLVTVSS (SEQ ID N0:128)
CDR1 CDR2 CDR3
SSSYYWG DIYYTGSTYYNPSLKS EEATLGGGSDY
(SEQ ID NO:129) (SEQ ID NO:130) (SEQ ID NO:131)
E9.18 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSGYYWGWIRQPPGKGLEWIGDINY
AGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREDVILRGGSDY
WGQGTLVTVSS (SEQ ID NO:132)
CDR1 CDR2 CDR3
SSGYYWG DINYAGSTYYNPSLKS EDVILRGGSDY
(SEQ ID NO:133) (SEQ ID NO:134) (SEQ ID NO:135)
E9.19 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARFDVSLGGGSDT
WGQGTLVTVSS (SEQ ID NO:136)
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VH E9- 5E2 CDR-H3 Resi dues 100-1100f SEQ I D NO. : 338 EDVI LRGGSDY
123456789012345678901234567890 339 VL E9- SE2

SYEL TQPPSVE\IBAGRE®RS! TCSGORLGDK  YASWQQKPGQSPVLVI YEDSKRPSGERER)10/047006
FSGSNSGDTATLTI SGTQPMDEADYYCQAW DROTGVFGYGTRVTVLG VL E9- 5E2 CDR- L1

Resi dues 23- 33 of SEQ ID NO. :339 SGQRLGDKYAS VL E9-5E2 CDR-L2 Residues
49- 55 of SEQ ID NO. :339 EDSKRPS VL E9-5E2 CDR-L3 Residues 88- 96 of SEQ
| D NO : 339 [QAVDRIIERY 123456 78PEHR23456 789012345 (388 340 VH E9- BE3
EVQLQESGPGL VKPGETLSISTEIYSGEST S SSSYMBHA; RONPEKE. EW| GO YYIGSS Y
YNPSLKSRVTI $VDTSKNGRYL Kb SBVRAE DTABEYCAREDVI ERGGSDYWSRGTINTWSL S)  YH E9- 5E3
CDR- HL Resi Jues 31- 37 of SEQ ID NO._: 340 SSSYYWG
E9.22 EVQOLOESGPGLVKPSETLSLTCTVSGGSISNSRYHWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKGRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREDVILRGGSDY
WGQGTLVTVSS (SEQ ID NO:140)

CDR1 CDR2 CDR3
NSRYHWG DIYYTGSTYYNPSLKG EDVILRGGSDY
(SEQ ID NO:141) (SEQ ID NO:142) (SEQ ID NO:143)

E9.48 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSGYYWGWIRQPPGKGLEWIGDINY
RGSTYYNPSLKSRVTISVDTSKNQEFSLKLSSVTAADTAVYYCAREDVILRGGSDY
WGQGTLVTVSS (SEQ ID NO:144)

CDR1 CDR2 CDR3
SSGYYWG DINYRGSTYYNPSLKS EDVILRGGSDY
(SEQ ID NO:145) (SEQ ID NO:146) (SEQ ID NO:147)

E9.65 EVOLOESGPGLVKPSETLSLTCTVSGGSIRNSRYHWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKGRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREDVILRGGSDY
WGQGTLVTVSS (SEQ ID NO:148)

CDR1 CDR2 CDR3
NSRYHWG DIYYTGSTYYNPSLKG EDVILRGGSDY
(SEQ ID NO:149) (SEQ ID NO:150) (SEQ ID NO:151)

E9.66 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREGVPLGGGADK
WGQGTLVTVSS (SEQ ID NO:152)

CDR1 CDR2 CDR3
SSSYYWG DIYYTGSTYYNPSLKS EGVPLGGGADK
(SEQ ID NO:153) (SEQ ID NO:154) (SEQ ID NO:155)

E9.71 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARQALAMGGGSDK
WGQGTLVTVSS (SEQ ID NO:156)

CDR1 CDR2 CDR3
SSSYYWG DIYYTGSTYYNPSLKS QOALAMGGGSDK
(SEQ ID NO:157) (SEQ ID NO:158) (SEQ ID NO:159)

E9.13 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREDVILRGGSDY
WGQGTLVTVSS (SEQ ID NO:160)

CDR1 CDR2 CDR3
SSSYYWG DIYYTGSTYYNPSLKS EDVILRGGSDY
(SEQ ID NO:161) (SEQ ID NO:162) (SEQ ID NO:163)

E9.16 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREDVILRGGSDY
WGQGTLVTVSS (SEQ ID NO:164)

CDR1 CDR2 CDR3
SSSYYWG DIYYTGSTYYNPSLKS EDVILRGGSDY
(SEQ ID NO:165) (SEQ ID NO:166) (SEQ ID NO:167)

E9.38 EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
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VH E9- 5E3 CDR-H2 Resi dues 52- 67 of SEQ ID NO :340 DI YYTGSTYYNPSLKS  SEQ
I D No. Protein region Sequence 123456789012345678901234567890 VH
E9- SE3 CDRoMB11Resisdues 100- 110of SEQ I D NO. : 340 EDVI LRBGHL¥2010/047006
123456789012345678901234567890 341 VL E9- SE3
SYELTQPPSVSVSPGQTASI TCSGQRLCGDK  YASWYQRKPGQSPVLVI YEDSKRPSG PER
FSGSNSGDTATLTI SGTQPMDEADYYCQAW DRDTGVFGYGTRVTVLG VL E9-5E3 CDR-L1
Resi dues 23{ 33 Of TcSERQY I EX INORV T BB T SKARSHRIAG Aa D My YEOA RISy TERFEdrZ Resi dues
49- 55 of SEQ | D N@ocr3divSDSKRPSD nvi d89- SE3 CDR- L3
CDR1 CDR2 CDR3
SSSYYWG DIYYTGSTYYNPSLKS EDVILRGGSDY
(SEQ ID NO:169) (SEQ ID NO:170) (SEQ ID NO:171)
E9.2B EVOLOESGPGLVKPSETLSLTCTVSGGSISSSNYYWGWIRQPPGKGLEWIGDINY
NGNTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREAVALGGGADD
WGQGTLVTVSS (SEQ ID NO:172)
CDR1 CDR2 CDR3
SSNYYWG DINYNGNTYYNPSLKS EAVALGGGADD
(SEQ ID NO:173) (SEQ ID NO:174) (SEQ ID NO:175)
E9.1F EVOLOESGPGLVKPSETLSLTCTVSGGSISSGSYYWGWIRQPPGKGLEWIGDINY
IGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREAVSFGGGADS
WGQGTLVTVSS (SEQ ID NO:176)
CDR1 CDR2 CDR3
SGSYYWG DINYIGSTYYNPSLKS EAVSFGGGADS
(SEQ ID NO:177) (SEQ ID NO:178) (SEQ ID NO:179)
E9.10H | EVQLOESGPGLVKPSETLSLTCTVSGGSISSSGYYWGWIRQPPGKGLEWIGDIYY
TGNTYYNPSLKNRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREEVILGGGADQ
WGQGTLVTVSS (SEQ ID NO:180
CDR1 CDR2 CDR3
SSGYYWG DIYYTGNTYYNPSLKN EEVILGGGADQ
(SEQ ID NO:181) (SEQ ID NO0:182) (SEQ ID NO:183)
E9.5E EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDINY
IGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARESVPLGGGADE
WGQGTLVTVSS (SEQ ID NO:184)
CDR1 CDR2 CDR3
SSSYYWG DINYIGSTYYNPSLKS ESVPLGGGADE
(SEQ ID NO:185) (SEQ ID NO:186) (SEQ ID NO:187)
E9.10C | EVOQLQESGPGLVKPSETLSLTCTVSGGSISSGSYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARQAVMYGGGSDN
WGQGTLVTVSS (SEQ ID NO:188)
CDR1 CDR2 CDR3
SGSYYWG DIYYTGSTYYNPSLKS QAVMYGGGSDN
(SEQ ID NO0:189) (SEQ ID NO0O:190) (SEQ ID NO:191)
E9.7E EVOLOESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDIYY
AGSTYYNPSLKDRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREDMILGGGADN
WGQGTLVTVSS (SEQ ID N0O:192)
CDR1 CDR2 CDR3
SSSYYWG DIYYAGSTYYNPSLKD EDMILGGGADN
(SEQ ID NO0O:193) (SEQ ID NO:194) (SEQ ID NO:195)
E9.12B | EVQLOESGPGLVKPSETLSLTCTVSGGSISSSNYYWGWIRQPPGKGLEWIGDIYY
TGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREAVSFGGGADS
WGQGTLVTVSS (SEQ ID NO:196)
CDR1 CDR2 CDR3
SSNYYWG DIYYTGSTYYNPSLKS EAVSFGGGADS
(SEQ ID NO0O:197) (SEQ ID NO0:198) (SEQ ID N0:199)
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Resi dues 88- 96 of SEQ I D NO
123456789012345678901234567890

1341 QAVWDRDTGV 342

VH E9- SE4 EVQLQESGPGLVKPSETLSLTCTVSGGESI S

SSSYYWGWWRQORPGKIZEW GDI YYTGSTY YNPSLKSRVTI SVDTSKNQFSLKL BEVIA2010/047006

DTAVYYCAREDVI LRGGSDYWCQGTLVTVS S

VH E9-5E4 CDR-Hl Residues 31- 37 of SEQ

I D NO. :342 SSSYYWG VH E9-5E4 CDR-H2 Residues 52- 67 of SEQ ID NO :342
DI YYTGSTYYNPSLKS  VH E9-5E4 CDR- H3 Resi dues 100-110of SEQ ID NO. :342
EDVI LRGGSDY [343 12345678901234567890123456 7890 VL E9- SEZ
LYVLTQPPSVSVEY oL OB L HKS EASYWE IR G Yk wdDSRRPSXI T Ekr D1 s Y
FSGSNSGDTATLTI SGT|(HedDEADNE 1RQAVY DRDT SuEEGT KASINR D T A WY c ESerivivd cEdaRsL 1
Resi dues 234 33 of wGEQLYTYINO(SEB4LAD NO:200)
CDR1 CDR2 CDR3
SGNYYWG DISYTGSTYYNPSLKS EDVMYGGGGDS
(SEQ ID NO:201) (SEQ ID NO:202) (SEQ ID NO:203)
E9.6A | EVOLQESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDINY
AGSTYYNPSLKNRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREAVALGGGADS
WGQGTLVTVSS (SEQ ID NO:204)
CDR1 CDR2 CDR3
SSSYYWG DINYAGSTYYNPSLKN EAVALGGGADS
(SEQ ID NO:205) (SEQ ID NO:206) (SEQ ID NO:207)
E9.7A | EVOLQESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGDINY
AGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREDVKFGGGADL
WGQGTLVTVSS (SEQ ID NO:208)
CDR1 CDR2 CDR3
SSSYYWG DINYAGSTYYNPSLKS EDVKFGGGADL
(SEQ ID NO:209) (SEQ ID NO:210) (SEQ ID NO:211)
E9.8H | EVOLQESGPGLVKPSETLSLTCTVSGGSISSGSYYWGWIRQPPGKGLEWIGDIYY

TGSTYYNPSLKNRVTISVDTSKNQFSLKLSSVTAADTAVYYCARESVPLGGGADN

WGQGTLVTVSS (SEQ ID NO:212)
CDR1 CDR2 CDR3
SGSYYWG DIYYTGSTYYNPSLKN ESVPLGGGADN

(SEQ ID NO:213) (SEQ ID NO:214) (SEQ ID NO:215)

Affinity Matured Clones: Light Chain (VL) Regions

E9.13 SYELTQPPSVSVSPGQTASITCSGDTLGDKYVSWYQQOKPGQOSPVLVIYEDSERPS

GIPERFESGSNSGDTATLTISGTQPMDEADYYCQAWDSETGVEGSGTKVTIVL

(SEQ ID NO:216)

CDR1 CDR2 CDR3

SGDTLGDKYVS EDSERPS QAWDSETGV

(SEQ ID NO:217) (SEQ ID NO:218) (SEQ ID NO:219)
E9.16 | SYELTQPPSVSVSPGOTASITCSGERLGDKYVSWYQQKPGQSPVLVIYEDFKRPS

GIPERFESGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTIVL

(SEQ ID NO:220)

CDR1 CDR2 CDR3

SGERLGDKYVS EDFKRPS QAWDRDTGV

(SEQ ID NO:221) (SEQ ID NO:222) (SEQ ID NO:223)
E9.38 SYELTQPPSVSVSPGQTASITCSGORLGDKYVSWYQOKPGQOSPVLVIYEDSKRPS

GIPERFEFSGSNSGDTATLTISGTQPMDEADYYCQAWDRDVGVEGSGTKVTIVL

(SEQ ID NO:224)

CDR1 CDR2 CDR3

SGORLGDKYVS EDSKRPS QAWDRDVGV

(SEQ ID NO:225) (SEQ ID NO:226) (SEQ ID NO:227)
E9.4 |SYELTQPPSVSVSPGQTASITCSGQRLGDKYASWYQQKPGQSPVLVIYEDSKRPS
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SGQRLGDKYAS

VL E9-5E4 CDR-L2 Residues 49- 55 of SEQ I D NO

VL E9-5E4 CDR-L3 Residues 88- 96 of SEQ I D NO
12345678W02811A2T®901234567890
123456789012345678901234567890 344 VH E9- SE5
EVQLQESGPGLVKPSETLSLTCTVSGGESI S SSSYYWGW RQPPGKGLEW GDI YYTGSTY

: 343

: 343 QAVDRDTGV
SEQ I D No. Protein regiPpOm/USSHQ0ETIOR

EDSKRPS

Resi dues 524

YNPSLKSRVTI SVDTSKNQFSLKLSSVTAA DTAVYYCAREDVI LRGGSDYWGQGTLVTVS S VH E9- SE5
CDR- H1 Resi dues 5#-@1PERFQ(’s'SNECQEAMﬂ%TQBﬁMAMDXM@RDTGVFbMK&@L COR-H2

67 of (SsQrb d¥Orsy 344 DI YYTGSTYYNPSLKS

CDR1 CDR2 CDR3

SGORLGDKYAS EDSKRPS QAWDRDTGV

(SEQ ID NO:229) (SEQ ID NO:230) (SEQ ID NO:231)
E9.11 SYELTQPPSVSVSPGQTASITCSGORLGDKYASWYQQOKPGQOSPVLVIYEDSKRPS

GIPERFESGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTIVL

(SEQ ID NO:232)

CDR1 CDR2 CDR3

SGORLGDKYAS EDSKRPS QAWDRDTGV

(SEQ ID NO:233) (SEQ ID NO:234) (SEQ ID NO:235)
E9.14 | SYELTQPPSVSVSPGOTASITCSGORLGDKYASWYQQKPGQSPVLVIYEDSKRPS

GIPERFESGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTIVL

(SEQ ID NO:236)

CDR1 CDR2 CDR3

SGORLGDKYAS EDSKRPS QAWDRDTGV

(SEQ ID NO:237) (SEQ ID NO:238) (SEQ ID NO:239)
E9.17 | SYELTQPPSVSVSPGOTASITCSGORLGDKYASWYQQKPGQOSPVLVIYEDSKRPS

GIPERFESGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTIVL

(SEQ ID NO:240)

CDR1 CDR2 CDR3

SGORLGDKYAS EDSKRPS QAWDRDTGV

(SEQ ID NO:241) (SEQ ID NO:242) (SEQ ID NO:243)
E9.18 SYELTQPPSVSVSPGQTASITCSGORLGDKYASWYQQOKPGQOSPVLVIYEDSKRPS

GIPERFESGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTIVL

(SEQ ID NO:244)

CDR1 CDR2 CDR3

SGORLGDKYAS EDSKRPS QAWDRDTGV

(SEQ ID NO:245) (SEQ ID NO:246) (SEQ ID NO:247)
E9.19 | SYELTQPPSVSVSPGOTASITCSGORLGDKYASWYQQKPGQSPVLVIYEDSKRPS

GIPERFESGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTIVL

(SEQ ID NO:248)

CDR1 CDR2 CDR3

SGORLGDKYAS EDSKRPS QAWDRDTGV

(SEQ ID NO:249) (SEQ ID NO:250) (SEQ ID NO:251)
E9.22 SYELTQPPSVSVSPGQTASITCSGORLGDKYASWYQQOKPGQOSPVLVIYEDSKRPS

GIPERFESGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTIVL

(SEQ ID NO:252)

CDR1 CDR2 CDR3

SGORLGDKYAS EDSKRPS QAWDRDTGV

(SEQ ID NO:253) (SEQ ID NO:254) (SEQ ID NO:255)
E9.48 SYELTQPPSVSVSPGQTASITCSGORLGDKYASWYQQOKPGQOSPVLVIYEDSKRPS

GIPERFESGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTIVL

(SEQ ID NO:256)

CDR1 CDR2 CDR3

SGORLGDKYAS EDSKRPS QAWDRDTGV

(SEQ ID NO:257) (SEQ ID NO:258) (SEQ ID NO:259)
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VH E9-5E5 CDR- H3
12345678901234567

Resi dues 100-1100f SEQ I D NO
8901234567890

: 344 EDVI LRGGSDY 345
VL E9-SE5 EYVLTQSPDFQSVTPKEKVTI TCSGQRLGD

KYASWY QQRPOQBAKRMI6Y EDSKRPSGVPS RFSGSNSGDDATLTI NSLEAEDAAPEY@Q2010/047006

WDRDTGVFGQGTKVEI KR VL E9-5E5 CDR-L1 Residues 24- 34 of SEQ ID NO : 345
SGRLGEDKYAS VL E9-5E5 CDR-L2 Residues 50- 56 of SEQ I D NO : 345 EDSKRPS
VL E9-5E5 CDR-L3 Residues 89- 97 of SEQ ID NO :345 QAVWDRDTGV 346
123456789012345678901234567890  VH EJ- SE6  EVQLQESGPE_VKPGETLSLTCTVSGGSI S
SSSYYWGW PGS EWHERPQ ¥ YISV RP GUNRSHKSBY R L SMIY KINIOIKIRGESVRAE YEDS
DTAVYYCAREDVI L RCGSOYMGRRERFYGYSSEDTA MH TESFERm IR YQA WDRDTGVFGYGT
KVTVL (SEQ ID NO: 260)
CDR1 CDR2 CDR3
SGQRLGDKYAS EDSKRPS QAWDRDTGV
(SEQ ID NO: 261) (SEQ ID NO: 262) (SEQ ID NO: 263)
E9.66 SYELTQPPSVSVSPGQTASITCSGORLGDKYASWYQQKPGQSPVLVIYEDSKRPS
GIPERFSGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTVL
(SEQ ID NO:264)
CDR1 CDR2 CDR3
SGQRLGDKYAS EDSKRPS QAWDRDTGV
(SEQ ID NO:265) (SEQ ID NO:266) (SEQ ID NO:267)
E9.71 SYELTQPPSVSVSPGQTASITCSGORLGDKYASWYQQKPGQSPVLVIYEDSKRPS
GIPERFSGSNSGDTATLTISGTQPMDEADYYCQAWDRDTGVEGYGTKVTVL
(SEQ ID NO:268)
CDR1 CDR2 CDR3
SGQRLGDKYAS EDSKRPS QAWDRDTGV
(SEQ ID NO:269) (SEQ ID NO:270) (SEQ ID NO:271)
E9.2B SYELTQPPSVSVSPGQTASITCSGEGLGDKYVSWYQQKPGQSPVLVIYEDSTRPS
GIPERFSGSNSGDTATLTISGTQPMDEADYYCQAWDSETGVEGSGTKVTVL
(SEQ ID NO:272)
CDR1 CDR2 CDR3
SGEGLGDKYVS EDSTRPS QAWDSETGV
(SEQ ID NO:273) (SEQ ID NO:274) (SEQ ID NO:275)
E9.1F SYELTQPPSVSVSPGQTASITCSGDRLGDKYVSWYQQKPGQSPVLVIYEDSQRPS
GIPERFSGSNSGDTATLTISGTQAMDEADYYCQAWDMEAGVEGSGTKVTVL
(SEQ ID NO:276)
CDR1 CDR2 CDR3
SGDRLGDKYVS EDSQRPS QAWDMEAGV
(SEQ ID NO:277) (SEQ ID NO:278) (SEQ ID NO:279)
EO9.10 SYELTQPPSVSVSPGQTASITCSGDSLGDKYVSWYQQKPGQSPVLVIYEDSERPS
C GIPERFSGSNSGDTATLTISGTQAMDEADYYCQAWDSETGVEFGSGTKVT (SEQ
ID NO:280)
CDR1 CDR2 CDR3
SGDSLGDKYVS EDSERPS QAWDSETGV
(SEQ ID NO:281) (SEQ ID NO:282) (SEQ ID NO:283)
EO9.10 SYELTQPPSVSVSPGQTASITCSGEGLGDKYVSWYQQKPGQSPVLVIYEDSERPS
E GIPERFSGSNSGDTATLTISGTQAMDEADYYCQAWDSEAGVFGSGTKVT (SEQ
ID NO:284)
CDR1 CDR2 CDR3
SGEGLGDKYVS EDSERPS QAWDSEAGV
(SEQ ID NO:285) (SEQ ID NO:286) (SEQ ID NO:287)
E9.7E | SYELTQPPSVSVSPGQTASITCSGDRLGDKYVSWYQQKPGQSPVLVIYED
SERPSGIPERFSGSNSGDTATLTISGTQAMDEADYYCQAWDSEAGVEGSG
TKVT (SEQ ID NO:288)
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Resi dues 31- 37 of SEQ ID NO. :346 SSSYYWs VH E9-5E6 CDR-H2 Resi dues 52-
67 of SEQ I D NO 346 DI YYTGSTYYNPSLKS VH E9-5E6 CDR- H3 Resi dues 100- 1100f
SEQ | D NOwoO:28tié2546¥| L RGGSDY 347 12345678901234567890P23A5618907006 VL

E9- SE6 LYVLTQPPSVSVSPGQOTASI TCSGORLGDK YASWYQKPGQSPVLVI YEDSKRPSG PER
FSGSNSGDTATLTI SGTQTMDEADYL CQAW DRDTGVFGGEGTKVTVLG SEQ ID No. Protein

regi on Sequence 123456789012345678901234567890 VL E9- SE6 CDR-L1

Resi dues 23{ 33 OfcisgQ D NO : 34[7ci@RCCOKYAS VI E8sSE6 CDR-LZ
SGDRLGDKYVS EDSERPS QAWDSEAGV

(SEQ ID NO:289) (SEQ ID NO:290) (SEQ ID NO:291)

E9.5E | SYELTQPPSVSVSPGQOTASITCSGDMLGDKYVSWYQQKPGOSPVLVIYEDSQRPS
GIPERFSGSNSGDTATLTISGTQPMDEADYYCQAWDSETGVEGSGTKVT
(SEQ ID NO:292)

CDR1 CDR2 CDR3
SGDMLGDKYVS EDSQRPS QAWDSETGV
(SEQ ID NO:293) (SEQ ID NO:294) (SEQ ID NO:295)

E9.12 SYELTQPPSVSVSPGQTASITCSGDGLGDKYVSWYQQOKPGOSPVLVIYEDSTRPS

B GIPERFSGSNSGDTATLTISGTQPMDEADYYCQAWDSESGVEGSGTKVT (SEQ
ID NO:296)
CDR1 CDR2 CDR3
SGDGLGDKYVS EDSTRPS QAWDSESGV
(SEQ ID NO:297) (SEQ ID NO:298) (SEQ ID NO:299)

E9.10 | SYELTQPPSVSVSPGQOTASITCSGESLGDKYVSWYQQKPGOSPVLVIYEDSKRPS

H GIPERFSGSNSGDTATLTISGTQAMDEADYYCQAWDGETGVEGSGTKVT
(SEQ ID NO:300)
CDR1 CDR2 CDR3
SGESLGDKYVS EDSKRPS QAWDGETGV
(SEQ ID NO:301) (SEQ ID NO:302) (SEQ ID NO:303)

FE9.6A | SYELTQPPSVSVSPGQOTASITCSGDMLGDKYVSWYQQKPGOSPVLVIYEDTNRPS
GIPERFSGSNSGDTATLTISGTQAMDEADYYCQAWDSETGVEGSGTKVT
(SEQ ID NO:304)

CDR1 CDR2 CDR3
SGDMLGDKYVS EDTNRPS QAWDSETGV
(SEQ ID NO:305) (SEQ ID NO:306) (SEQ ID NO:307)

E9.7A | SYELTQPPSVSVSPGOTASITCSGESLGDKYVSWYQQKPGOSPVLVIYQDAMRPS
GIPERFSGSNSGDTATLTISGTQAMDEADYYCQAWDMETGVEGSGTKVT
(SEQ ID NO:308)

CDR1 CDR2 CDR3
SGESLGDKYVS QDAMRPS QAWDMETGV
(SEQ ID NO:309) (SEQ ID NO:310) (SEQ ID NO:311)

F9.8H | SYELTQPPSVSVSPGOTASITCSGESLGDKYVSWYQQKPGOSPVLVIYEDSMRPS
GIPERFSGSNSGDTATLTISGTQPMDEADYYCQAWDSEVGVEGSGTKVT (SEQ

ID NO:312)

CDR1 CDR2 CDR3
SGESLGDKYVS EDSMRPS QAWDSEVGV

(SEQ ID NO:313) (SEQ ID NO:314) (SEQ ID NO:315)

Anti-DLL4 A10 affinity maturation.
In a manner similar to E9 affinity maturation described above, sequence alignment
showed that the DLL4 antibody A10 shared the highest identity to human germlines VH3-30 and
5  V2-1. Human VH and Vi sequences derived from VH3-30 and V2-1, respectively, were
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Resi dues 49- 55 of SEQ ID NO. :347 EDSKRPS VL E9-5E6 CDR-L3 Resi dues 88-
96 of SEQ ID NO :347 QAVWDRDTGV 348 VH E9- SE7

EVQLVESG3BOVQRAGSISKL SCAVSGGESI S SSSYYWGW RQAPGKGLEW GDI YPTEGEFY010/047006
YNPSLKSRVTI SVDTSKNSFYLQWNSLRAE DTAVYYCAREDVI LRGGSDYWEQGTLVTVS S VH E9- 5E7
CDR-Hl Residues 31- 37 of SEQ ID NO. :348 SSSYYWG VH E9-5E7 CDR- H2

Resi dues 52- 67 of SEQ ID NO :348 DI YYTGSTYYNPSLKS VH E9-5E7 CDR-H3

Resi dues 100 hbAeh s SER0PIN dodhBe EDMckRGRREN: 4%, These scquence logos wer
12345678901234567830%2§456é.§égg[0 « BMe o 4B, Thesesequence logos were

used to decide which positions would be doped to generate the affinity matured libraries.
The A10 libraries were transformed into cells and displayed on the cell surface to be
selected against low concentration of biotinylated DLL4 extracellular domain by magnetic then
5 fluorescence activated cell sorting. Selection for improved on-rate or off-rate or both were carried
out and antibody protein sequences of affinity-modulated A10 clones were recovered for
converting back to IgG format for further characterization. The heavy chain (VH) regions of the
affinity matured clones are shown below in Table 9 and the light chain (VL) regions of the

affinity matured clones are shown below in Table 10.

10
Table 9. Variable Heavy Chain Regions (VH) of Affinity Matured A10 Clones.
Protein Region Sequence
123456789012345678901234567890
EVQLVESGGGLVKSGGSLRLSCAASGFTFR
210.3 SHWMSWVRQAPGKGLEWVAIISYDGSNKYS
vH ) ADSVKGRFTISRDNSKNTLYLQLNSLRAED
TAVYYCAKAGGGNVGFDIWGQGTMVTVSS
(SEQ ID NO:316)
Residues 31-
$;0'3 CDR-H1 35 of SEQ 1ID SHWMS
NO.:316
210.3 Residues 50-
CDR-H2 66 of SEQ ID ITISYDGSNKYSADSVKG
VH
NO.:316
210.3 Residues 99 -
VH CDR-H3 108 of SEQ ID AGGGNVGFDI
NO.:316
EVQLVESGGGVVQPGGSLRLSCAASGFEFTFEG
A10.K30 NHWMSWVRQOAPGKGLEWVADISSDGRYKYY
ADSVKGRFTISRDNSKNTLYLQLNSLRAED
VH TAVYYCAKAGGGNVGFDIWGQGTMVTVSS
(SEQ ID NO:317)
Residues 31-
é;O'K3O CDR-H1 35 of SEQ 1ID NHWMS
NO.:317
Residues 50-
é;O'K3O CDR-H2 66 of SEQ ID DISSDGRYKYYADSVKG
NO.:317
Residues 99 -
%o.mo CDR-H3 | 108 of SEQ ID | AGGGNVGEDI
NO.:317
EVQLVESGGGLVQOPGGSLRLSCAASGFTFQ
A10.K42 SHWMSWVRQAPGKGLEWVAMISYDGTIKYY
vH ADSVKGRFTISRDNSKNTLYLQLNSLRAED
TAVYYCAKAGGGNVGFDIWGQGTMVTVSS
(SEQ ID NO:318)
Residues 31-
é;O'K42 CDR-H1 35 of SEQ ID SHWMS
NO.:318
Residues 50-
A10.K42 CDR-H2 66 of SEQ ID MISYDGTIKYYADSVKG
VH NO. :318
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VL E9- SE7

I D NO.

: 349 EDSKRPS

: 349 SGORLGDKYAS

EVQLQESGPAVKPCGETLSLTCTVSGGESI S SSSYYWGW RQAPGKGLEW GDI YYTGSTY

YNPSLKSRV||bVUPQﬁMﬁhﬁhﬁLbb RAE DIAVYYCAREDVI LRUEGSLY, ILVIVS S
CDR- H1 Resi[dues 31I- 37 of $EQ D NO : 350125%567¥V¥3 2345878 &2 5453 78J0R
Resi dues 52- 67 %T SEQ I D NeksidadsD obl-YYTGSTYYNPSLKS WD
2011/ 025964PCT/US2010R0%70060SED 45D No. | AGGGNVGEDT
NO.:318
EVQLVESGGGVVQOPGRSLRLSCAASGFTFR
A10.9a SYWMSWVRQAPGKGLEWVATISYDGRNKDY
VH ) ADSVKGRFTISRDNSKNTLYLQLNSLRAED
TAVYYCAKAGGGNVGFDIWGQGTMVTVSS
(SEQ ID NO:319)
Residues 31-
%o.% 35 of SEQ ID SYWMS
NO.: 319
Residues 50-
$;0.9A 66 of SEQ ID TISYDGRNKDYADSVKG
NO.:319
Residues 99 -
@;0'% 108 of SEQ ID | AGGGNVGEDI
NO.: 319
EVQLVESGGGVVQPGGSLRLSCAASGFEFTFEG
A10.8A NHWMSWVRQOAPGKGLEWVADISSDGRYKYY
VH ) ADSVKGRFTISRDNSKNTLYLQLNSLRAED
TAVYYCAKAGGGNVGFDIWGQGTMVTVSS
(SEQ ID NO:320)
Residues 31-
é;O'SA 35 of SEQ ID NHWMS
NO.: 320
Residues 50-
é;O'SA 66 of SEQ ID DISSDGRYKYYADSVKG
NO.:320
Residues 99 -
é;O'SA 108 of SEQ ID | AGGGNVGFDI
NO.: 320
EVQLVESGGGVVQOPGGSLRLSCAASGFTFH
210.1A SHWMSWVRQAPGKGLEWVAMISDDGRNKDY
VH ) ADSVKGRFTISRDNSKNTLYLQLNSLRAED
TAVYYCARAAGGNVGLDIWGQGTMVTVSS
(SEQ ID NO:321)
Residues 31-
é;o'm 35 of SEQ ID SHWMS
NO.: 321
Residues 50-
é;O.lA 66 of SEQ ID MISDDGRNKDYADSVKG
NO.: 321
Residues 99 -
é;O.lA 108 of SEQ ID AAGGNVGLDI
NO.: 321
EVQLVESGGGVVQSGGSLRLSCAASGFEFTFEG
A10.5D SHWMSWVRQAPGKGLEWVADISVDGSNKYS
VH ) ADSVKGRFTISRDNSKNTLYLOMNSLRAED
TAVYYCARAAGGNVGLDSWGQGTMVTVSS
(SEQ ID NO:322)
Residues 31-
%0.513 35 of SEQ ID SHWMS
NO.: 322
A10.5D Residues 50-
66 of SEQ ID DISVDGSNKYSADSVKG
VH
NO.: 322
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EYVLTQSPDFQSVTPKEKVTI TCSGQRLGD  KYASWYQQKPDQSPKLVI YEDSKRPSGVPS
RFSGSNSGDDATLTI NSLEAEDAATYYCQA WDRDTGVFGQGTKVEI KR
Resi dues W0-2084026964 SEQ | D NO.
50- 56 of SEQ I D NO.
: 349 QAVWDRDTGV 350

VL E9-5E7 CDR-L1
VL E9- PET/USBROZ70ReSi dues
VL E9-5E7 CDR-L3 Residues 89- 97 of SEQ

123456789012345678901234567890  VH E9- SE8

VH E9- 5E8
H2



Protein region

Sequence

123456789012

CDR- H3 Resi dues 100-110of SEQ ID NO. :35

12345678W02811A2T®901234567890

345678901234567890
0 EDVI LRGGSDY 351

KYASWY QQKPDQSPKLVI YEDSKRPSGVPS RFSGSNSCGDDATLTI NSLEAEDAATYYCQA

VH E9- SE8

VL E9- SE8 EYVLTQSPDFQBUTRISEKDYE DESCORL GD

WDRDTGVFGQGTKVEI KR VL E9-5E8 CDR-L1 Residues 24- 34 of SEQ ID NO :351
SGORLGDKYAS VL E9-5E8 CDR-L2 Residues 50- 56 of SEQ I D NO :351 EDSKRPS
VL E9-5E8 (DR- m)téﬁg%éggﬁes $9- Y7 of SEQ D NO. Zdbgeq%MUIbV Tabl e 1_5.
Summary of [The E9 anti body|varianis genermikesk7andl2exqu7esRke4bedadoa] Anti body
VH nane 210.5D Residues 99 -
VH ) 108 of SEQ ID AAGGNVGLDS
NO.: 322
EVQLVESGGGVVQPGGSLRLSCAASGFEFTFEG
A10.3A NHWMSWVRQOAPGKGLEWVADISSDGRYKYY
vH ) ADSVKGRFTISRDNSKNTLYLQLNSLRAED
TAVYYCAKAGGGNVGFDIWGQGTMVTVSS
(SEQ ID NO:323)
Residues 31-
%o.% 35 of SEQ ID NHWMS
NO.: 323
Residues 50-
$;0'3A 66 of SEQ ID DISSDGRYKYYADSVKG
NO.: 323
Residues 99 -
%o.% 108 of SEQ ID | AGGGNVGEDI
NO.: 323
EVQLVESGGGVVQPGGSLRLSCAASGFEFTFEG
A10.6B NHWMSWVRQOAPGKGLEWVADISSDGRYKYY
VH ) ADSVKGRFTISRDNSKNTLYLQLNSLRAED
TAVYYCAKAGGGNVGFDIWGQGTMVTVSS
(SEQ ID NO:324)
Residues 31-
é;o'% 35 of SEQ ID NHWMS
NO.: 324
Residues 50-
€;0'6B 66 of SEQ ID DISSDGRYKYYADSVKG
NO.: 324
Residues 99 -
é;o'% 108 of SEQ ID AGGGNVGFDI
NO.: 324
EVQLVESGGGVVQOPGRSLRLSCAASGFTFR
210.3D SHWMSWVRQAPGKGLEWVADISQDGSYKYY
vH ) ADSVKGRFTISRDNSKNTLYLOMNSLRAED
TAVYYCARAAGGNVGFDIWGQGTMVTVSS
(SEQ ID NO:325)
Residues 31-
%0.313 35 of SEQ ID SHWMS
NO.: 325
Residues 50-
€;0'3D 66 of SEQ ID DISQDGSYKYYADSVKG
NO.: 325
Residues 99 -
€;0'3D 108 of SEQ ID AAGGNVGFDI
NO.: 325
EVQLVESGGGVVQPGGSLRLSCAASGFEFTFEG
A10.4C SHWMSWVRQAPGKGLEWVADISNDGRYAYS
vH ) ADSVKGRFTISRDNSKNTLYLQLNSLRAED
TAVYYCAKAGGGNVGFDIWGQGTMVTVSS
(SEQ ID NO:326)
Residues 31-
%0.4(: 35 of SEQ ID SHWMS
NO.: 326
A10.4C Residues 50-
66 of SEQ ID DISNDGRYAYSADSVKG
VH
NO.: 326
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VL nanme HEK-293-6e titer (ng/L) E9-FRl1 E9VH325 E9VL325 29 E9- FR2 E9VH1DA4. 1
EOVL1D4. 1 44 5Table 16. Binding affinities of the E9 CDR-grafted

ant i bodi esof2ori/aseean, nouse and cynonol gus DLL4 as det ergirnsdolops4hé SA,

Bi acore and FACS. Binding Data Human DLL4 Mouse DLL4 Cyno DLL4 MAb Bi ndi ng
ELI SA (EC50, nM Biacore (Kd, nM Binding FACS (Kd, nM Binding ELISA
(EC50, nM Biacore (Kd, nM Binding FACS (Kd, nM Binding ELI SA (EC50, nM
Bi acore (Kd, NWo&PrERE 0. IT 0. 72 4 0. I3[ 1.6 2. 5T Gegledice
123456789012345678901234567890

Residues 99 -
§;0.4C 108 of SEQ ID AGGGNVGFDI
NO.: 326

Table 10. Variable Light Chain Regions (VL) of Affinity Matured A10 Clones.

Protein region Sequence
123456789012345678901234567890
SYELTQPPSVSVSPGQTASITCSADKLGTK
210.3 YVSWYQQKPGQSPVLVIYQDAKRPSGIPER
VL ) FSGSNSGNTATLTISGTQTMDEADYLCQSW
DRSDVVFGGGTKLTVL (SEQ ID
NO:327)
210.3 Residues 23-
VL CDR-L1 33 of SEQ ID SADKLGTKYVS
NO.: 327
210.3 Residues 49-
VL CDR-L2 55 of SEQ ID QDAKRPS
NO.: 327
210.3 Residues 88 -
VL CDR-L3 96 of SEQ ID QSWDRSDVV
NO.: 327
SYELTQPPSVSVSPGQTASITCSADELGTQ
A10.1.45 YVSWYQQKPGQSPVLVIYQDATRPSGIPER
VI ) FSGSNSGNTATLTISGTQAMDEADYYCQAW
DRSGVVFGGGTKLTVL (SEQ ID
NO:328)
Residues 23-
éio'L% CDR-L1 | 33 of SEQ ID SADELGTQYVS
NO.: 328
Residues 49-
@iO'L% CDR-L2 | 55 of SEQ ID ODATRPS
NO.: 328
Residues 88 -
éiO.L45 CDR-L3 96 of SEQ ID QAWDRSGVV
NO.: 328
SYELTQPPSVSVSPGQTASITCSGDNLGSQ
210.1.73 YVSWYQQKPGQSPVLVIYQDAQRPSGIPER
VL ) FSGSNSGNTATLTISGTQAMDEADYYCQAW
DRSGVVFGGGTKLTVL (SEQ ID
NO:329)
Residues 23-
@io'Ln CDR-L1 | 33 of SEQ ID SGDNLGSQYVS
NO.: 329
Residues 49-
éiO.L73 CDR-L2 55 of SEQ ID QDAQRPS
NO.: 329
Residues 88 -
A10.1.73 CDR-L3 96 of SEQ ID QAWDRSGVV
VL
NO.: 329
SYELTQPPSVSVSPGQTASITCSADNLGEK
A10.32 YVSWYQQKPGQSPVLVIYQDATRPSGIPER
VI ) FSGSNSGNTATLTISGTQAMDEADYYCQSW
DSSGAVFGGGTKLTVL (SEQ ID
NO:330)
Residues 23-
éio'% CDR-L1 33 of SEQ ID SADNLGEKYVS
NO.: 330
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0.74 E9-FR2 0.105 0.31 6.2 0.125 0.69 3.57 0.12 0.3 E9.1 0.03 0.52 3.62

0.04 1.1 1.66 0.035 0.47 Table 17. Neutralizing activities of the E9
human and nouse DLL4 as det epgirsdolop4thé SA and

CDR- gr af tw0 2anta2bewdi es f or

FACS. Functi onal

Bl ocki ng FACS (1050,
1.54 1.57 3.35

E9- FR1

Data Human DLL4 Mouse DLL4 MAb Bl ocki ng ELI SA (1050,

nM Bl ocki ng ELI SA (1050,
0.98 E9-FR2 1.52 3.03 4.35

nM Bl ocki ng FACS (1050,

Protein region Sequence
123456789012345678901234567890
Residues 49-
éio'% CDR-L2 55 of SEQ ID QDATRPS
NO.: 330
Residues 88 -
2L0.38 1 eppor3 | 96 of sEQ 1D QSWDSSGAV
VL
NO.: 330
SYELTQPPSVSVSPGQTASITCSADNLGNQ
210.6B YVSWYQQKPGQSPVLVIYQDGMRPSGIPER
VL ) FSGSNSGNTATLTISGTQAMDEADYYCQAW
DWSGEVFGGGTKLTVL (SEQ ID
NO:331)
Residues 23-
AL0.6B | eppor1 |33 of sEQ ID SADNLGNQYVS
VL
NO.: 331
Residues 49-
€i0'6B CDR-L2 55 of SEQ ID QDGMRPS
NO.: 331
Residues 88 -
a10.6B CDR-L3 96 of SEQ ID QAWDWSGEV
VL
NO.: 331
SYELTQPPSVSVSPGQTASITCSADKLGTK
210.3D YVSWYQQKPGQSPVLVIYQDGNRPSGIPER
VL ) FSGSNSGNTATLTISGTQAMDEADYYCQSW
DQSGAVFGGGTKLTVL (SEQ ID
NO:332)
Residues 23-
AL0.3D | opp 11 |33 of SEQ 1D SADKLGTKYVS
VL
NO.: 332
Residues 49-
€i0'3D CDR-L2 55 of SEQ ID QDGNRPS
NO.: 332
Residues 88 -
A10.3D | cpp 13 | 96 of SEQ 1D QSWDQSGAV
VL
NO.: 332
SYELTQPPSVSVSPGQTASITCSADNLGNQ
210.4C YVSWYQQKPGQSPVLVIYQDGMRPSGIPER
VL ) FSGSNSGNTATLTISGTQAMDEADYYCQAW
DSSGAVFGGGTKLTVL (SEQ ID
NO:333)
A10.4C Residues 23-
CDR-L1 33 of SEQ ID SADNLGNQYVS
VL
NO.: 333
Residues 49-
§i0'4c CDR-L2 55 of SEQ ID QDGMRPS
NO.: 333
Residues 88 -
A10.4C CDR-L3 96 of SEQ ID QAWDSSGAV
VL
NO.: 333

Example 5: Construction of CDR-Grafted E9 Antibodies.

CDRs of E9 VH were grafted onto VH3 consensus framework (grafted VH = E9vh3g2)
and CDRs of E9 VL were grafted onto VL2-1 framework of anti-DLL4 A10 antibody (grafted VL

5  =E9al0vlg2) and onto VK framework of A10 germline (the closest germline in homology to the
E9 VL) (grafted VL= E9AVK). Alternatively framework (FW) repairing was also performed
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1.07 E9.1 2.2 1.62 5.85 1.06 10 Table 18. VH and VL am no acid sequences
of human CDR-grafted E9 anti bodies. SEQ ID No. Protein region Sequence
12345678W028u3R378901234567890 352 VHE 9 - FR1 PCT/US2010/047006
EVQLVQSGTEVKKPGESLKI SCKVSGGSI S SSSYYWBW | ROWGKGLEW  GDI YYTGSTY
YNPSLKSQVTI SVDTSFNTFFLQASSLKAS DTAMYYCAREDVI LRGGSDYWCQGTWTVS S VH E9- FR1
CDR-Hl Residues 31- 37 of SEQ ID NO. :352 SSSYYWs VH E9-FR1 CDR- H2

Resi dues 52iifiie ©f vISEQFMWByN@raintadrd bidlain Gds YYNER!- Kse anddEsdtitiy (B H3
Resi dues 100-110o0of SEQ:S) NO. :352 EDVIkLbac C DY.

| D
1234567890 1r§1§%§ -flg%icb g géﬂ?%@ﬁ). Framewor mutations were incorporated in both
CDR-grafting and FW-repairing to maintain antibody structure and functionality (Table 11 and

Table 14).

5 CDRs of E9 were also grafted on the frameworks of anti-IL-18 and anti-IL-12 antibodies.
Specifically CDRs of E9 VH were grafted onto VH5-51 framework of anti-IL-18 (grafted VH =
E9VH325) and onto VH2-70 framework of anti-IL-12 (grafted VH = E9VH1D4.1). CDRs of E9
VL were grafted onto VK L2/L16 framework of anti-IL-12 (grafted VL = E9VL325) and onto
VK B3 framework of anti-IL-12 (grafted VL = E9VL1D4.1). Framework back-mutations were

10 incorporated in the CDR-grafting to maintain antibody structure and functionality (Table 15 and
Table 18).

In silico constructed CDR grafted antibodies described above were synthesized directly in
the plasmid of choice by Blue Heron Biotechnology. The variable heavy region was inserted in-
frame onto a cDNA fragment encoding the wild type human IgG1 constant region and onto the

15  human IgG1 constant region containing two hinge-region amino acid mutations. These mutations
are a leucine to alanine change at position 234 (EU numbering) and a leucine to alanine change at
position 235 (Lund et al., J. Immunol., 147: 2657 (1991)). The variable light chain region was
mserted in-frame with the human lambda constant region and with the human kappa constant
region. Upon receipt of synthesized constructs from Blue Heron, DNA was scaled up and

20  sequence confirmed. Correct CDR-grafted heavy and light chains corresponding to each antibody
(Tables 11 and 14) (Tables 15 and 18) were co-transfected into HEK-293-6E cells to transiently
produce full-length CDR-grafted anti-human DLL4 antibodies. Table 11 summarizes all the E9
antibody variants generated and HEK-293-6e expression data. Cell supernatants containing
recombinant human antibody were purified by Protein A Sepharose chromatography and bound

25  antibody eluted by addition of acid buffer. Antibodies were dialyzed into PBS.

The ability of purified CDR grafted antibodies to bind to DLL4 or to inhibit DLL4
activity was determined using different types of assays like ELISA (Example 1.2, Method 2),
Biacore (Example 1.2) and Flow Cytometry (FACS) (Example 1.3). Table 12 and Table 16 show
EC50 values from the ELISA assays and the FACS assays and the affinity determined by Biacore

30  ofthe CDR grafted antibodies described respectively in Table 11 and Table 15 for human DLLA4,
murine DLL4 and cynomolgus DLL4. Table 13 and Table 17 show IC50 values from the
blocking ELISA (Example 1.4) and blocking FACS (Example 1.5) with human DLL4 and murine
DLL4 for the CDR-grafted antibodies described respectively in Table 11 and Table 15.

Table 11. Summary of the E9 antibody variants generated and expression data

Antibody VH name VL name HEK-293-6¢ titer
(mg/L)

E9-SE1 E9vh3g2 E9al(Qvlg2 104

E9-SE2 E9vh3g2 E9.1 87
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353 VL E 9-FRlL EYVLTQSPATLSVSPGERATLSCSGQRLGD KYASWQQXKPGQS PRLVI
YEDSKRPSD | PA RFSGSNSGDEATLTI SSLQSEDFAVYYCQA WDRDTGVFGQGTRLEI KR VL
E9- FR1 CDReoli1Resisdues 24- 34 of SEQ I D NO. : 353 SGORLGPKYAS2010017080- FR1
CDR- L2 Residues 50- 56 of SEQ ID NO. :353 EDSKRPS VL E9-FRl1 CDR-L3
Resi dues 89- 97 of SEQ ID NO :353 QAVWDRDTGV
123456789012345678901234567890 354 VH E9- FR2
EVTLRESGPALYRPTAJI_JITCTVECESER 1S Y YV REFPPCRGCEW GO oY TGS
YNPSLKSRVTI $VDTSKNEFVL TMINVDPYo PTATYYCARGLW ERGGEDYWE XS TVIVS S VH E9- FR2
CDR- H1 Resi dues B3jlsgs37 off SEQgbD NO. [ 3549 YYWG  VHES-FR2 CDR- H2

Resi dues 524 67 ©fsEsEQ D NOgovha04 DI YYEGSDIVYNPSLKS  YH E9- FR2 CDR- H3

Resi dues 100- 1100f-Sk5EQ TD NG9vh3H4 E9AVK 56
E9-SES E9vh4r2 E9AVK 85

Table 12. Binding affinities of the E9 antibody variants for human, mouse, and cynomolgus

DLL4 as determined by ELISA, Biacore, and FACS.

Binding Data
Human DLL4 Mouse DLL4 Cyno DLL4
Binding Biacore Binding Binding Biacore Binding Binding Biacore

Antibody fELCIE(‘)* (Kd, | FACS fELCIE(‘)* (Kd, | FACS ](EELCIE(‘)* (Kd,
M) ’ nM) (Kd, nM) M) ’ nM) (Kd, nM) M) ’ nM)

E9-SE1 0.16 15.2% 3.45 0.19 12.83 1.34 0.14 5.42
E9-SE2 0.18 2.43 5.2 0.20 15.09 0.87 0.14 3.68
E9-SE3 0.18 2.26 2.29 0.20 12.1 0.74 0.14 3.42
E9-SE4 0.17 2.38 ne 0.20 10.52 1.15 0.14 3.92
E9-SES5 0.16 1.57 7.81 0.19 12.77 2.9 0.13 6.7
E9-SE6 0.17 0.64 4.25 0.19 10.04 1.18 0.13 6.55
E9-SE7 0.17 1.69 2.28 0.17 16.22 2.24 0.12 7.53
E9-SES 0.18 2.00 2.67 0.19 13.03 2.32 0.14 341
E9.1 0.29 2.38 0.35 0.34 12.77 1.6% 0.24 4.08

*historic data; nc = not calculated

Table 13. Neutralizing activities of the E9 antibody variants for human and mouse DLL4 as

determined by ELISA and FACS.

Functional Data
Human DLL4 Mouse DLL4
Antibody Blocking ELISA | Blocking FACS | Blocking ELISA B#X?g &
(IC50, nM) (IC50, nM) (IC50, nM) (IC50, nM)

E9-SE1 2.7 8.51 2.9 1.71
E9-SE2 2.6 5.61 2.2 1.23
E9-SE3 2.5 6.75 2.1 1.25
E9-SE4 2.7 5.82 2.9 1.71
E9-SE5 2.6 6.38 2.4 1.76
E9-SE6 2.5 8.16 2.9 1.53
E9-SE7 2.4 7.81 2.4 1.94
E9-SE8 2.5 9.25 2.6 2.3

E9.1 2.5 4.55 2.5 1.02
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EDVI LRGGSDY

123456789012345678901234567890 355 VL E9-FR2

DYVLTQSPDSLAVSLGERATI NCSGQRLGD KYASWYQOKPGQSPKLVI YEDSKRPSG PD
RFSGSNSGWDORLIIVESISO@AEDVAVYYCQA WDRDTGVFGGGTKVEI KR WO PCT/US2010/047006

2011/ 025964PCT/ US2010/ 047006 SEQ I D No. Protein region
123456789012345678901234567890

Sequence

VL E9-FR2 CDR-L1 Residues 24- 34 of SEQ | D

NO. : 355 SGQRLGDKYAS VL E9-FR2 CDR-L2 Residues 50- 56 of SEQ ID NO. :355
EDSKRPS.  anfed: PR of DR bifinfRRS] iR 8% 9s OB SR D MRlocic355 QAVIDRDTGY
Exanp|e 6: RFurther Enn|nnnr|nn fa I|n|fu Mat ured Anf|hndu EOQ- 71 EC-?l(h@
SE
and E9-71(L) %otpﬂgggyxe&ngln and | ight chdin of affini natured _
anti-DLL4 an&bbo y E9-71 were |5further engineered. The net%lonlne (M| in
CDR- H3 of E9-7ITheavy chain was nutated to I[aeucizaesdol)343y7ab@stgnRbsTegoT|lor war d
and reverse|ovelflTappi ng prinens containing thﬁ@nmsakmdmmuﬂkmmtwaegus
Pol yner ase ngl% n geagtion (PCR) was perforrm FWQB%@W PRIYYSIEES to
. . . . . KSRVTISVDTS FSLKLSSVT.
anplify the|éntire variable regi on gene using %@riﬁﬁvﬂﬁb&é%ﬁgﬁﬁﬂﬁwgﬂg t he
mut at ed nuclleotides and two out er npst Driner$ cont ai ni ng_over hangi ng
sequences conpl ¢nmept aky, t o t heReetdiegi Ag-veqtor. 10The signal peptidg used
for the Iight chal drbRQélEg 71(MP7amd SEQ- YA (L) Seg¥¥dl | ed | anbda | a signal
peptide. The framework 4 (FWA) NPepidn hll-1lof EQ-71 |light chain was
changed to hJL2 tqnbggnpre conﬁﬁ?f%#ﬁ wWth the huCL% const ant regi on [of the
anti body. Forwatd @mdapeverse |pri ;%@mé?e cé@?ﬁﬁéﬁyggﬁﬁﬁlnlng t he mit at ed
1 DPAall vipar anca ~hAat Qﬁ;'- |4nn { DPCPRM \ 2w nAa nmad 1 n f\nn
nUC| eotl des- LI A/ yIIUI Ao T orranr 11 IRg(SAJL: de\.éll \I \/I\} VAo 5] IJUI I UI IIUU I LI} VALY
sequential steps tg, agplify thqogpiﬂ{%fva i abl e region gene using the two
priners CDR—H£’> SEQ ID EDVILRGGSDY
NO.:334
123456789012345678901234567890
SYELTQPPSVSVSPGQTASITCSGQRLGDK
YASWYQQKPGQSPVLVIYEDSKRPSGIPER
335 VL EJ.1 FSGSNSGDTATLTISGTQPMDEADYYCQAW
DRDTGVEGYGTRVTVLG
Residues 23-
\C”;)R?iil 33 of SEQ ID SGQRLGDKYAS
NO. :335
Residues 49-
\C”;)R?iél 55 of SEQ ID EDSKRPS
NO. :335
Residues 88-
\C”;)R?iél 96 of SEQ ID QAWDRDTGV
NO. :335
123456789012345678901234567890
EVQLVESGGGLVQPGGSLRLSCAVSGGSIS
SSSYYWGWIRQAPGKGLEWIGDIYYTGSTY
336 | VH E9-SE1 YNPSLKSRVTISVDTSKNSFYLOMNSLRAE
DTAVYYCAREDVILRGGSDYWGQGTLVTVS
S
Residues 31-
\C”;R?;SM 37 of SEQ ID SSSYYWG
NO.:336
Residues 52-
\C”;Rii;sm 67 of SEQ ID DIYYTGSTYYNPSLKS
NO.:336
Residues
VH E9-SE1 100-110 of EDVILRGGSDY
CDR-H3 SEQ ID
NO.:336
123456789012345678901234567890
LYVLTQPPSVSVSPGQTASITCSGQRLGDK
_ YASWYQQKPGQSPVLVIYEDSKRPSGIPER
337 VL EJ-SEl FSGSNSGDTATLTISGTQTMDEADYLCQAW
DRDTGVEGGGTKVTVLG
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15carrying the nmutated nucl eotides and two outernost prinmers containing

over hangi ng sequences conplenentary to the receiving vector.

The PCR

product s wenrouadsdenom each cDNA assenbly was separat ed ecTArs2&agatmse gel
and the band corresponding to the predicted variable regi on cDNA size
excised and purified. The variable heavy region were inserted in-franme onto

a cDNA fragnent encoding the human | gGlL 20constant regi on containing two
hi nge-regi offisag no aci d nut at jons by honobl ogous reconbi nati on I n bacteri a.
These nut at i ons | apectaid edgione [t 0 al ani ne change at poséduease 234 (EU
nunbering) a#d-a leucine tao allanine change at pasition 235 (lund et 3l., J.
| munol ., 147: 2657 (1991)) he variable |iAﬁ?“%ﬁ%%ﬁ2%&é7%m1%ﬁﬁé“$8 erted
in-franme between ftde zBugmn | anBgatduesSse énal tide and the human | arthda
constant regi on|bycirennl ogous ?éc%@ﬁfﬁa 7 on. E §§FB?¥§I col oni es were
25i sol at ed and—ptasrr-d—DNA extt G PNA Hserts—were—segquenced—+nt heir
entirety. Correct| Vieagysmind | i @?l E ﬁicor E§98 ding to each anti bqady
(Tabl e 19) were|co-aR-afs fecte%oldg EK293-|6E°Cel I's to tran5|ently pr oduce
ful | -1 engt h ES=T1(M—orES-71( L aqidgpman D4 —antbodires—BothE977 1(M
and E9.71 (L) sharé€ FheSSane llisght: chal iy CeldhwsisR@F nat ant s cont ai ni ng
r econbi nant hunua(gﬁfF%ody may wbe. purified By Protein A Sepharose
chr omat ogr aphy and bound anti pody el uted by [adeliderov103425aCd @1 bUBEE00
Anti bodi es were|neutralized and di al yzed i ntfjavEéB8scctablecdGknsdsarsd s VL
Amino Acid $equences of Human E9.71 engi neer @4S@MET IFQHi ESLBECPIBINGY
Protein regi 88 | SBHFENEE? 1234567890123456 788U £O8A5 87390 BB RFEG |71
EVQLQESGPGLYKPSETLSLTCTVSGGSI $ SSSYYWGN RQIDP@%L%W&BYWWGTWWS
YNPSLKSRVTI SVBTEKNCOFSEKESSYTAA BT AY L Y CARQALAMGEESBKWEQGTEVTVS—S—ViHES. 71
CDR- H1 Resi dues |31 3?7-9f2 SEQ| LB SEQ3D6 SIQ¥IWHe VH E9. 71 CDR- H2
Resi dues 521 67|ofISE®LI D NO NgSGxQIYYTGSTYYNPSLKS VH E9. 71 CDR- H3
Resi dues 100-TTI0of SEQ T D NO. | r35B63/QALAMEGESDK
ZgR?H;SEZ 67 of SEQ ID DIYYTGSTYYNPSLKS
NO. :338
Residues
VH E9-SE2 100-110 of
CDR-H3 SEQ ID EDVILRGGSDY
NO. :338
123456789012345678901234567890
SYELTQPPSVSVSPGQTASITCSGQRLGDK
YASWYQQKPGQSPVLVIYEDSKRPSGIPER
339 VL E9-SE2 FSGSNSSDTA%LTISGTQPMDEADYYCQAW
DRDTGVEGYGTRVTVLG
Residues 23-
ZER?iISEZ 33 of SEQ ID SGORLGDKYAS
NO. :339
Residues 49-
ZER?i;SEZ 55 of SEQ ID EDSKRPS
NO. :339
Residues 88-
ZER?i;SEZ 96 of SEQ ID QAWDRDTGV
NO. :339
123456789012345678901234567890
EVQLOESGPGLVKPGETLSLTCTVSGGSIS
SSSYYWGWIRQAPGKGLEWIGDIYYTGSTY
340 | VH E9-SE3 YNPSLKSRVTISVDTSKNQFYLKLSSVRAE
DTAVYYCAREDVILRGGSDYWGQGTLVTVS
S
Residues 31-
ZgR?EISE3 37 of SEQ ID SSSYYWG
NO. :340
Residues 52-
ZgR?EESE3 67 of SEQ ID DIYYTGSTYYNPSLKS
NO. :340
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123456789012345678901234567890 357 VL E9. 71 SYELTQPPSVSVSPGOTASI TCSGORLGDK
YASWYQQKPGQSPVLVI YEDSKRPSG PER FSGSNSCGDTATLTI SGTQPMDEADYYCQAW

DRDTGVFGWEDKVIIM2®64 VL E9. 71 CDR-L1 Resi dues 23- 33 of

SGQRLGDKYAS

VL E9.71 CDR-L2 Residues 49- 55 of SEQ I D NO
VL E9. 71 CDR-L3 Residues 88- 96 of SEQ I D NO.

: 357 QAVWDRDTGV

123456789012345678901234567890 358 VH E9. 71 (M

BEQUSD1IN@470085 7
: 357 EDSKRPS

EVQLQESGPALVKESETLSLTCTVSGEST $§ SSSYYWEW ROPRFGRGECEW CGDI' YYTGSTY
YNPSLKSRVTI SVDTSKRKESLKESSVEAA DTAVYYCARQAL AMGGGSDKWERXSTENGEVS S VH |E9. 71
(M CDR-HL R#sidues 31- 37 of |ISFQ ID NQO : 338 SSSYYWG VH F9 71 ( CDR- H2
Resi dues 521 67|of SEQ 1D NO [- 358 DI YYTGSTYYRPSOKEIO123436FPOFA34PRASFBDR- H3
Residues
VH E9-SE3 100-110 of EDVILRGGSDY
CDR-H3 SEQ ID
NO. :340
123456789012345678901234567890
SYELTQPPSVSVSPGQTASITCSGQRLGDK
YASWYQQKPGQOSPVLVIYEDSKRPSGIPER
341 VL E9-SE3 FSGSNSGDTATLTISGTQPMDEADYYCQAW
DRDTGVFGYGTRVTVLG
Residues 23-
ZER?iISE3 33 of SEQ ID SGORLGDKYAS
NO. :341
Residues 49-
ZER?i;SE3 55 of SEQ ID EDSKRPS
NO. :341
Residues 88-
o 96 of SEQ ID | QAWDRDTGV
NO. :341
123456789012345678901234567890
EVOLOESGPGLVKPSETLSLTCTVSGGSIS
SSSYYWGHWIRQPPGKGLEWIGDIYYTGSTY
342 VH E9-SE4 YNPSLKSRVTISVDTSKNQFSLKLSSVTAA
DTAVYYCAREDVILRGGSDYWGQGTLVTVS
S
Residues 31-
ZI[{)R?;ISEZl 37 of SEQ ID SSSYYWG
NO. :342
VH E9-SEA4 Residues 52-
CDR-H2 67 of SEQ ID DIYYTGSTYYNPSLKS
NO. :342
Residues
VH E9-SE4 100-110 of EDVILRGEEDY
CDR-H3 SEQ ID
NO. :342
123456789012345678901234567890
LYVLTQPPSVSVSPGQTASITCSGQRLGDK
_ YASWYQQKPGQOSPVLVIYEDSKRPSGIPER
343 VL EJ-SE4 FSGSNSGDTATLTISGTQTMDEADY LCQAW
DRDTGVEFGGGTKVTVLG
Residues 23-
ZER?iISE4 33 of SEQ ID SGORLGDKYAS
NO.:343
Residues 49-
ZER?§ZSE4 55 of SEQ ID EDSKRPS
NO.:343
Residues 88-
ZER?i;SE4 96 of SEQ ID QAWDRDTGV
NO.:343
123456789012345678901234567890
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Resi dues 100-1100f SEQ I D NO

123456789012345678901234567890
12345678W0281A8FB901234567890 359 VL E9. 71 (M

: 358 QALAMGGGSDK

SEQ ID No. Protein region

Sequence
PCT/US2010/047006

SYELTQPPSVSVSPGQTASI TCSCQRLGEDK YASWYQQKPGQSPVLVI YEDSKRPSA PER

FSGSNSGDTATLTI SGTQPMDEADYYCQAW DRDTGVFGGEGTKLTVLG

Resi dues 23- 33 of SEQ I D NO

1 359 SGORLGDKYAS

VL E9.71 (M CDR-L2

VL E9.71(M CDR-L1

Resi dues 49{sbdTof SEQ TD NO [: 359 EDSKRPS VL BEY. 71 (M CDR-L3 Resl
88- 96 of SE@I D MOte1:359gi@AWDRDTGV 360 Sequence
No.
123456789012345678901234567890
344 EVQLQESGPGLVKPSETLSLTCTVSGGSIS
SSSYYWGWIRQPPGKGLEWIGDIYYTGSTY
VH E9-SE5 YNPSLKSRVTISVDTSKNQFSLKLSSVTAA
DTAVYYCAREDVILRGGSDYWGQGTLVTVS
S
Residues 31-
ZgR?EISES 37 of SEQ ID SSSYYWG
NO. : 344
Residues 52-
ZgR?EESES 67 of SEQ ID DIYYTGSTYYNPSLKS
NO. : 344
Residues
VH E9-SES5 100-110 of EDVILRGGSDY
CDR-H3 SEQ ID
NO. : 344
123456789012345678901234567890
EYVLTQSPDFQSVTPKEKVT ITCSGQRLGD
345 _ KYASWYQQKPDQSPKLVIYEDSKRPSGVPS
VL E9-SE5 RFSGSNSGDDATLT INSLEAEDAATYYCQA
WDRDTGVFGQGTKVEIKR
Residues 24-
ZER?iISES 34 of SEQ ID SGORLGDKYAS
NO. :345
Residues 50-
ZER?32SE5 56 of SEQ ID EDSKRPS
NO. :345
Residues 89-
ZER?i;SES 97 of SEQ ID QAWDRDTGV
NO. :345
123456789012345678901234567890
EVQLQESGPGLVKPGETLSLTCTVSGGSIS
SSSYYWGWIRQAPGKGLEWIGDIYYTGSTY
346 VH E9-SE6 YNPSLKSRVTISVDTSKNQFYLKLSSVRAE
DTAVYYCAREDVILRGGSDYWGQGTLVTVS
S
Residues 31-
ZgR?EISE6 37 of SEQ ID SSSYYWG
NO.:346
Residues 52-
ZgR?§28E6 67 of SEQ ID DIYYTGSTYYNPSLKS
NO.346
Residues
VH E9-SE6 100-110 of EDVILRGGSDY
CDR-H3 SEQ ID
NO.:346
123456789012345678901234567890
LYVLTQPPSVSVSPGQOTASITCSGQRLGDK
347 VI E9-SEE YASWYQQKPGQSPVLVIYEDSKRPSGIPER
FSGSNSGDTATLTISGTQTMDEADY LCQAW
DRDTGVEGGGTKVTVLG
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123456789012345678901234567890

E9. 71(L) CDR-Hl Residues 31- 37 of SEQ ID NO
CDR- H2 Resi dues 52- 67 of SEQ I D NO.
CDR- H3 Resi dues 100-1100of SEQ | D NO.

VH E9. 71 (L)
EVQLQESGPGLVKPSETLSLTCTVSGGS! S SSSYYWGW RQPPGKGLEW GDI YYTGSTY
YNPSLKSRWOSWDTEENOFSLKLSSVTAA DTAVYYCARQAL AL GGGSDKWGQGPLYISS) 18/047006

: 360 DI YYTGSTYYNPSLKS
: 360 QALALGGGSDK 361

: 360 SSSYYWG

123456789012345% /8901234567891 VL EY (1](L)
ID Protein region Sequence
No.
123456789012345678901234567890
Residues 23-
ZER?I%ISM 33 of SEQ ID SGORLGDKYAS
NO.:347
Residues 49-
\C”;)R?i;sm 55 of SEQ ID EDSKRPS
NO.:347
Residues 88-
\C/ER?;SM 96 of SEQ ID QAWDRDTGV
NO.:347
348 EVQOLVESGGGLVQPGGSLRLSCAVSGGSIS
SSSYYWGWIRQAPGKGLEWIGDIYYTGSTY
VH E9-SE7 YNPSLKSRVTISVDTSKNSFYLOMNSLRAE
DTAVYYCAREDVILRGGSDYWGQGTLVTVS
S
Residues 31-
\C”;R?;SW 37 of SEQ ID SSSYYWG
NO.:348
Residues 52-
\C”;Rii;sm 67 of SEQ ID DIYYTGSTYYNPSLKS
NO.:348
Residues
VH E9-SE7 100-110 of EDVILRGGSDY
CDR-H3 SEQ ID
NO.:348
123456789012345678901234567890
EYVLTQSPDFQSVTPKEKVT ITCSGQRLGD
349 VL E9-SE7 KYASWYQQKPDQSPKLVIYEDSKRPSGVPS
RFSGSNSGDDATLTINSLEAEDAATYYCQA
WDRDTGVFGQGTKVEIKR
Residues 24-
\C”;)Riism 34 of SEQ ID SGORLGDKYAS
NO.:349
Residues 50-
\C/ISR?I%ZSW 56 of SEQ ID EDSKRPS
NO.:349
Residues 89-
\c”f)ff;sm 97 of SEQ ID QAWDRDTGV
NO.:349
123456789012345678901234567890
EVOLQESGPGLVKPGETLSLTCTVSGGSIS
350 SSSYYWGWIRQAPGKGLEWIGDIYYTGSTY
VH E9-SES8 YNPSLKSRVTISVDTSKNQFYLKLSSVRAE
DTAVYYCAREDVILRGGSDYWGQGTLVTVS
S
Residues 31-
\C”;R?;SEEB 37 of SEQ ID SSSYYWG
NO. :350
Residues 52-
ZgR?EZSES 67 of SEQ ID DIYYTGSTYYNPSLKS
NO. :350

122

VH E9. 71(L)
VH E9. 71(L)




SYELTQPPSVSVSPGQTASI TCSGQRLGDK  YASWYQKPGQSPVLVI YEDSKRPSG PER
FSGSNSCGDTATLTI SGTQPVDEADYYCQAW DRDTGVFGGGTKLTVLG VL E9. 71(L) CDR-L1

Resi dues wB8-208326464 SEQ | D NO. : 361 SGQRLGDKYAS VL E9. PLCII)S23DR41086

Resi dues 49- 55 of SEQ ID NO. :361 EDSKRPS VL E9.71(L) CDR-L3 Residues
88- 96 of SEQ ID NO :361 QAWDRDTGY Exanple 7: E9-71(M Signal Peptide
Engi neeri ng. Si gnal peptide | anbda | a was used for the generation of
anti-DLL4 anse®Ody E9- 7I(M. A Ternative si gnal peptides were al so
i nvesti gat edipTherprteth ct¢yion of the percentage of thesesenect 5anti bady
cl eavage duniaginmamnlian expression of in gilico constructed anina 4cid
sequences of _E9171(M N-term nal variahle radfdi?SWF1R2#>fE0en15875A
peptides fromthel | anbhda and L&SE%@U% nal peptide famlies is known |in the
art using the Signdl "PP°% 0 SerVerid@VAar| abl e eoverrhesont er net (e. g.,

wor | dwi de websi t e 55 dt u. dk/ s% s/ Si gnal P/) or nurrer ous ot her

equl val ent softyware—h el Stot ad pchl dca Wit |183 5%7$ 0@2'?4%%78‘9‘ 5%4\55%90
per cent ages of ¢orrect—et cavauc, ofre—from €ac¢ FbS\)'ﬁkﬁV‘Tﬁ"ft%E Gh'1€
| anbda 3p fraepithe | anbda famjly and the L23 K&AMQMQ@@@@EB@% MipsA
5mut at ed versi oh of" tEﬁeS%Brl ginal lanbda |a girgsaispeptidesvaspairsaoa

sel ected, with 0 _am no acid|changes (gl yci|#eRRTGVEGOGTFMEARR and serine to
valine). Fon the |cgnsbriedion Gestfres| ?@’nt ¢hain containing the |anbda | a
si gnal peptilde po|ysrerase chai ﬁ4r%%c3tEpoﬁD(P(:l§fQ%§EK‘ﬁérfor med in one Step to
anplify thelentir j , lg-the two guternost priners
cont ai ni ng overh:jrmgi mg-seguen Si: | 8ffent clrﬁéség the receiving vectar with
one of them|confajirig2t he 10myiraf Eﬁu{:rl)eot e se quence For the
constructi on—efrthet+Hght—~chai iﬁegj\?"{l % gbllg trthe—t+anbda—3p—stghat—peptide and
the kappa L23 signé Egeptd de two gverlappi nd Riidyess were designed tg
construct the signdR-péptide &gl of5 1t hen poI ynmerase chain reaction (RCR)
was perfornmedto anptify the entite variabte regi on gene using the two
outernpbst primers containing overhanging sequences conplenentary to the
receiving vector. Two versions of the E9-71 var| abl e regl ons 15were
gener at ed uSPldStHEMRR S S E3pietly VRt Rats A paheBieEAlAtbent | des: one with
the full |engthaadasdyablle negiage afd anotheme one WMHEK-2Pescliter St serine (S)
at the variable region|Nternmnus|{nmssing. Only the fml)l ength vari abl e
regi on was geneafrRd wit hEevigs2banda | asgiygnal pepti de29 The RCR products
derived from eaEhFRDNA| a$9€HDY] wer e SOparled on an agfarose |gel and the
band correspondi ng to the predicted variable region cDNA size excised and
purifie r cDNA
fragne n?s enco %15\{ & él&ﬁ%%ﬁf%%epgﬁy%lgr con %Q%e\r%{?ﬁ?ﬂg Ql?sgfrﬁlt @gﬁ% gﬂl Otﬁl%e%g&y%&%ag&
hi nge-r egi &L%Wﬁ@e%e@byﬁhl%i%mmlﬁWMI ogous reconbi natl on in bacteri a.
These nutatifons are a Ieucine to0 al adHdRgp&dange at position 234 (EU
nunbering) and a | euci nemerPLed ani ne changeﬂoaste Dpigsi ti on |23%yfdivd et al ., J.
| mrunol ., 147: 265#ndra994) ) |ThHgnyar i Bidhe ght C Mg r@g\hium was inserted
i n-frame wifhmvahe n I(ambdanwsta(ﬁE'SAr egggﬁ;rep‘ 2hsisorofy ougjcm
reconbi nati on. Bact gl al @@ICHK%QMMer%M)so ’egl, mda@’mgk RIA xtrét,ted, and
CcDNA i nsert s Ewerie] sequenced ijn t4heir endirpty.e Cprrect avy| and 11 ght
n

n

he

chai ns corres& FRI?d: P 0% dadh anﬁ?hoﬂyo-ﬂﬂérp chbt r ansPéctlel 12 0 OBEK4 293- 6E
cells to trahstenttCprlodtiée il PHendith—E0—74M—dRti1n Dl

] ] CIIuLII —J l.L\ 1A' TATTU 0 muTrTant | -
ant i bodi es. uper nat nt.ai-nj_n C nt hunan ant wer e
U e by BE ot PR S e SRR A R BT G Y Ut cd by
addi tion ofdeaaumded?»ﬂmisﬁeandFAﬁSl bodi es were d| aI yzed into PBS. Pur| fied
E9. 71(M antibodres were anat yzed gy dbSepappect Tomet Ty (V) —for
confirmati om of intacy anti bodymaeauence. Tagl e 20, elsepLLsNoWsS the am no

aci d sequence of the uglocer\( flss] grﬁ0 J,éj ﬁ(ed fL%r { heBigemgr ai i on of
|oc ing E
%m é%g SOl (853

Al
)CT

E9. 71(M . Tabl eM2d, bel t eFA&8al yzed by
Mass Spectronetry Tahl am seci| pnrp nf hp silgbhhMhent i des

3 FRI; A n'F ﬂ:é4 71 M 157 3.35 ~0.98
used for th"_%'%:mz' i R 3.03 4.35 1.07
E9.1 2.2 1.62 5.85 1.06
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Anti body Signal Peptide Signal Peptide Sequence VL Region E9.71(M X, la
MAWSPLFLTLI THCAGSWA (SEQ I D NG 362) Full Length E9.71(M-1 X, la (GSto RV)
MAWSPL FL WO THGARMAA Ful | Length (SEQ I D NG 363) E9PTI(USRe12/0X008p
MAWIPLLLPLLTFCTVSEA (SEQ I D NO 364) Full Length E9.71(M-3 X, 3p
MAWTPLLLPLLTFCTVSEA (SEQ I D NGO 365) N-term nus S m ssing E9. 71(M-4 Kappa
L23 MDVRVPAQRLGLLLLWFPGARC (SEQ I D NO 366) Full Length E9.71(M-5 Kappa L23

VDVRVPAQRL Grebsle L YFPEARG/ I SER) Add MGeRBYdf hlhhlsrﬁ@m @uﬁed%9%§b%uﬂag Table 21.

EQ. 71(“@ antibndu hlenungn sites nnn|y7n Aass anhfrnnnfry /hmﬂ
Ant i body Ant isfb%( MaLor Cleavage Site %lvaj ar Peak O sEQedA(

MAWSPLFLTLI TI'IF]QAH SWA[L, % LTQPPSVS (SEQ I D NO 368)

123456789012345678901234567890

352 | VH E9-FR1

EVOLVQOSGTEVKKPGESLKISCKVSGGSIS
SSSYYWGWIRQMPGKGLEWIGDIYYTGSTY
YNPSLKSQVTISVDTSFNTFFLOWSSLKAS
DTAMYYCAREDVILRGGSDYWGQOGTMVTVS
S

Residues 31-
VA E9-FR1 37 of SEQ ID SSSYYWG
CDR-H1
:352
VH E9-FRI Residues 52-
67 of SEQ ID DIYYTGSTYYNPSLKS
CDR-H2
:352
Residues
VH E9-FR1 100-110 of EDVILRGGSDY
CDR-H3 SEQ ID
:352

123456789012345678901234567890

353 | VL E9-FR1

EYVLTQSPATLSVSPGERATLSCSGQRLGD
KYASWYQQOKPGOSPRLVIYEDSKRPSDIPA
RFSGSNSGDEATLTISSLOSEDFAVYYCQA

WDRDTGVEGQOGTRLEIKR
Residues 24-
VL E9-FRI 34 of SEQ ID SGORLGDKYAS
CDR-L1
:353
Residues 50-
VL E9-FRL 56 of SEQ ID EDSKRPS
CDR-L2
:353
Residues 89-
VL E9-FRL 97 of SEQ ID QAWDRDTGV
CDR-L3 555

123456789012345678901234567890

354 | VH E9-FR2

EVTLRESGPALVKPTOQTLTLTCTVSGGSIS
SSSYYWGWIRQPPGKGLEWIGDIYYTGSTY
YNPSLKSRVTISVDTSKNQFVLTMTNMDPV
DTATYYCAREDVILRGGSDYWGQGTTVTVS
S

Residues 31-
VH E9-FR2 37 of SEQ ID | SSSYYWG
CDR-H1
:354
Residues 52-
VR E9-FR2 67 of SEQ ID DIYYTGSTYYNPSLKS
CDR-H2
:354
Residues
VH E9-FR2 100-110 of EDVILRGGSDY
CDR-H3 SEQ ID
:354

123456789012345678901234567890

355 | VL E9-FR2

DYVLTQSPDSLAVSLGERATINCSGQRLGD
KYASWYQQOKPGOSPKLVIYEDSKRPSGIPD
RFSGSNSGDDATLTISSLQOAEDVAVYYCQA
WDRDTGVEGGGTKVEIKR
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95 E9.7 1(M-1 MAWSPLFLTLI THCARWAI ,

SYELTQPPSVS (SEQ I D NO 369) 96 E9. 71

(M-2 MAWIPLLLPLLTFCTVSEAI , SYELTQPPSVS (SEQ I D NGO 370) 96 E9.71 (M -3

MAWTPLLL RROTRGTRSEAl NELTQPPSVS (SEQ | D NO 371 )

97 E9. 7PCW)uS4010/047006

MDVRVPAQRLGLLLLWFPGARCL, SYELTQPPSVS (SEQ I D NO 372) Not determ ned E9.7
1(M-5 MDVRVPAQRLGLLLLWFPGARCI , YELTQPPSVS (SEQ I D NGO 373) Not determ ned

Exanpl e 8.

In Vitro Characterization of Engi neered PRO usi on Anti bodi es.

5The antigemsBhymding affinities of these engi neered PRO usion anti bodi es
wer e det er m nied | byrdthen BEAGCORE t echnol ogy ag descri bedequanéxanple 1.1, and
are shown in®able 22 The inlvitro activitiles of the representative lones
were further_evaluated using other nethods dedétiohEtP e HOEIEREE 975%Rjlt h
resul ts shown in Fablke-23: TabhF&sdespidtore kinetics of engi neered
anti-DLL4 PROf usijorpranti bodi es>? % ndEng” ki nEEREEP*ASman DLL4 ECD Mouyse
DLL4 ECD Cyne—BlH4—ECD Antibedy i PM-1S 1)} {E+04Ka(S—1)E 065 KB{nN) Ka.
(M 1S-1) E+04 K¢i| (ISER)FE: 05 ReSTades 50= R '
i CDR-L2 56 of SEQ ID EDSKRPS
NO. :355
Residues 89-
\C/ERE:S.;FRZ 97 of SEQ ID QAWDRDTGV
NO. :355

Example 6: Further Engineering of Affinity-Matured Antibody E9-71.
E9-71(M) and E9-71(L).
Both heavy chain and light chain of affinity-matured anti-DLL4 antibody E9-71 were

further engineered. The methionine (M) in CDR-H3 of E9-71 heavy chain was mutated to leucine

(L) by designing forward and reverse overlapping primers containing the mutated nucleotides.

Polymerase chain reaction (PCR) was performed in two sequential steps to amplify the entire

variable region gene using the two primers carrying the mutated nucleotides and two outermost

primers containing overhanging sequences complementary to the receiving vector.
The signal peptide used for the light chain of E9-71(M) and E9-71(L) is called lambda 1a
signal peptide. The framework 4 (FW4) region hJL-1 of E9-71 light chain was changed to hJL2 to

10

be more compatible with the huCL2 constant region of the antibody. Forward and reverse primers

were designed containing the mutated nucleotides. Polymerase chain reaction (PCR) was

performed in two sequential steps to amplify the entire variable region gene using the two primers

15

complementary to the receiving vector.

carrying the mutated nucleotides and two outermost primers containing overhanging sequences

The PCR products derived from each cDNA assembly was separated on an agarose gel

and the band corresponding to the predicted variable region cDNA size excised and purified. The

variable heavy region were inserted in-frame onto a cDNA fragment encoding the human IgG1

20

constant region containing two hinge-region amino acid mutations by homologous recombination

in bacteria. These mutations are a leucine to alanine change at position 234 (EU numbering) and

a leucine to alanine change at position 235 (Lund et al., J. fmmunol., 147: 2657 (1991)). The

variable light chain region were inserted in-frame between the human lambda 1a signal peptide

and the human lambda constant region by homologous recombination. Bacterial colonies were

25

isolated and plasmid DNA extracted; cDNA inserts were sequenced in their entirety. Correct

heavy and light chains corresponding to each antibody (Table 19) were co-transfected into HEK-
293-6E cells to transiently produce full-length E9-71(M) or E9-71(L) anti-human DLL4
antibodies. Both E9.71(M) and E9.71(L) share the same light chain. Cell supernatants containing
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KD (nM Ka.

(M 1S-1) E+04 Ka (S-1) E-05 KD (nM E9.4 5.67 3.31 0.58 5.38
6.01 1.12 1.37 3.44 0.25 E9.11 3.63 1.74 0.48 2.77 1.39 0.5 5.31 0.89 0. 17
E9. 14 3. 9802611%289614 3.89 13.6 3.49 5.72 38.6 6.75 E9. 1PCAE010,04700€. 1

recombinant human antibody may be purified by Protein A Sepharose chromatography and bound

antibody eluted by addition of acid buffer. Antibodies were neutralized and dialyzed into PBS.

Table 19. VH and VL Amino Acid Sequences of Human E9.71 engineered antibodies

SEQ
ID Protein region Sequence
No.
123456789012345678901234567890
EVQLQESGPGLVKPSETLSLTCTVSGGSIS
SSSYYWGWIRQPPGKGLEWIGDIYYTGSTY
356 VH E9.71 YNPSLKSRVTISVDTSKNQFSLKLSSVTAA
DTAVYYCARQALAMGGGSDKWGQGTLVTVS
S
Residues 31-
\C/I;R?zin 37 of SEQ ID SSSYYWG
NO. :356
VH E9.71 Residues 52-
CDR—H2 67 of SEQ ID DIYYTGSTYYNPSLKS
NO. :356
Residues
VH E9.71 100-110 of
CDR-H3 SEQ ID QALAMGGGSDK
NO. :356
123456789012345678901234567890
SYELTQPPSVSVSPGQTASITCSGQRLGDK
YASWYQQKPGQSPVLVIYEDSKRPSGIPER
357 VL E9.71 FSGSNSSDTA%LTISGTQPMDEADYYCQAW
DRDTGVFGYGTKVTVLG
Residues 23-
VL E9i71 33 of SEQ ID SGQRLGDKYAS
CDR-L NO. :357
Residues 49-
\C”;)R?i;l 55 of SEQ ID EDSKRPS
NO. :357
Residues 88-
\C”;)R?i;l 96 of SEQ ID QAWDRDTGV
NO. :357
123456789012345678901234567890
EVQLOESGPGLVKPSETLSLTCTVSGGSIS
SSSYYWGWIRQPPGKGLEWIGDIYYTGSTY
358 VH E9.71 (M) YNPSLKSRVTISVDTSKNQFSLKLSSVTAA
DTAVYYCARQALAMGGGSDKWGQOGTLVTVS
S
VH Residues 31-
ES.71 (M) 37 of SEQ ID SSSYYWG
CDR-H1 NO. :358
VH Residues 52-
ES.71 (M) 67 of SEQ ID DIYYTGSTYYNPSLKS
CDR-H2 NO. :358
Residues
VH
E9.71 (M) 100-110 of QALAMGGGSDK
CDR-H3 SEQ ID
NO. :358
123456789012345678901234567890
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3.7 1.41 0.38 7.51 1.23 0.16 E9.18 1.57 1.84 1.18 2.32 1.68 0.73 2.63 2.63
1 E9.19 7.49 5.17 0.69 6.7 20.6 3.07 1.92 4.86 0.25 E9.22 3.91 33.1 8.46

3. 78 13. 3WB.2811526%0435. 2 6. 26 E9.48 1.1 7.59 6.92 1.65 4PLT/US2010/047006

SEQ
ID Protein region Sequence
No .
123456789012345678901234567890
SYELTQPPSVSVSPGQTASITCSGQRLGDK
YASWYQQKPGQSPVLVIYEDSKRPSGIPER
359 VL E3.71(M) FSGSNSSDTA%LTISGTQPMDEADYYCQAW
DRDTGVEFGGGTKLTVLG
VL Residues 23-
E9.71 (M) 33 of SEQ ID SGQRLGDKYAS
CDR-L1 NO.:359
VL Residues 49-
E9.71 (M) 55 of SEQ ID EDSKRPS
CDR-L2 NO.:359
VL Residues 88-
E9.71 (M) 96 of SEQ ID QAWDRDTGV
CDR-L3 NO.:359
123456789012345678901234567890
EVQLQESGPGLVKPSETLSLTCTVSGGSIS
360 VH SSSYYWGWIRQPPGKGLEWIGDIYYTGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAA
E9.71(L) DTAVYYCARQALALGGGSDKWGQGTLVTVS
S
VH Residues 31-
E9.71 (L) 37 of SEQ ID SSSYYWG
CDR-H1 NO. :360
VH Residues 52-
ES.71 (L) 67 of SEQ ID DIYYTGSTYYNPSLKS
CDR-H2 NO. :360
VH Residues
E9.71(L) égg_%o of QALALGGGSDK
CDR-H3 NO. : 360
123456789012345678901234567890
361 SYELTQPPSVSVSPGQTASITCSGQRLGDK
VL YASWYQQKPGQSPVLVIYEDSKRPSGIPER
E9.71(L) FSGSNSGDTATLTISGTQPMDEADYYCQAW
DRDTGVEFGGGTKLTVLG
VL Residues 23-
E9.71 (L) 33 of SEQ ID SGQRLGDKYAS
CDR-L1 NO.:361
VL Residues 49-
E9.71 (L) 55 of SEQ ID EDSKRPS
CDR-L2 NO.:361
VL Residues 88-
E9.71 (L) 96 of SEQ ID QAWDRDTGV
CDR-L3 NO.:361

Example 7: E9-71(M) Signal Peptide Engineering.

Signal peptide lambda 1a was used for the generation of anti-DLL4 antibody E9-71(M).

Alternative signal peptides were also investigated. The prediction of the percentage of the correct

5 antibody cleavage during mammalian expression of in siflico constructed amino acid sequences of

E9-71(M) N-terminal variable region with different signal peptides from the lambda and kappa
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2.53 1.68 7.91 4.71 E9.65 2.59 36.3 14 2.57 13.6 5.27 3.21 41.4 12.9 E9. 66
3.26 0.25 0.078 2.89 1.44 0.50 6.55 0.91 0.14 E9.71 3.88 3.51 0.91 3.55
21.6 6. 08v0.200/@59%9 0.49 E9.13 3.74 4.97 1.33 4.34 21. 2r¢TAS2010827046 95 0. 63

signal peptide families is known in the art using the Signal IP 3.0 Server available on the Internet

(e.g., worldwide website cbs.dtu.dk/services/SignalP/) or numerous other equivalent software.
The signal peptides with the highest predicted percentages of correct cleavage, one from each
family were chosen: the lambda 3p from the lambda family and the L23 from the kappa family. A
5 mutated version of the original lambda 1a signal peptide was also selected, with two amino acid

changes (glycine to arginine and serine to valine). For the construction of the light chain
containing the lambda 1a signal peptide polymerase chain reaction (PCR) was performed in one
step to amplify the entire variable region gene using the two outermost primers containing
overhanging sequences complementary to the receiving vector with one of them containing the

10 mutated nucleotide sequence. For the construction of the light chain containing the lambda 3p
signal peptide and the kappa L23 signal peptide two overlapping primers were designed to
construct the signal peptide region then polymerase chain reaction (PCR) was performed to
amplify the entire variable region gene using the two outermost primers containing overhanging
sequences complementary to the receiving vector. Two versions of the E9-71 variable regions

15  were generated using the lambda 3p and the kappa L23 signal peptides: one with the full length
variable region and another one with the first serine (S) at the variable region N-terminus missing.
Only the full length variable region was generated with the lambda 1a signal peptide. The PCR
products derived from each cDNA assembly were separated on an agarose gel and the band
corresponding to the predicted variable region cDNA size excised and purified. The variable

20 heavy region was inserted in-frame onto a cDNA fragment encoding the human IgG1 constant
region containing two hinge-region amino acid mutations by homologous recombination in
bacteria. These mutations are a leucine to alanine change at position 234 (EU numbering) and a
leucine to alanine change at position 235 (Lund et al., J. Immunol., 147: 2657 (1991)). The
variable light chain region was inserted in-frame with the human lambda constant region by

25  homologous recombination. Bacterial colonies were isolated, plasmid DNA extracted, and cDNA
mserts were sequenced in their entirety. Correct heavy and light chains corresponding to each
antibody were co-transfected into HEK-293-6E cells to transiently produce full-length E9-71(M)
anti-human DLL4 antibodies. Cell supernatants containing recombinant human antibody were
purified by Protein A Sepharose chromatography and bound antibody eluted by addition of acid

30  buffer. Antibodies were dialyzed into PBS. Purified E9.71(M) antibodies were analyzed by Mass
Spectrometry (MS) for confirmation of intact antibody sequence. Table 20, below, shows the
amino acid sequence of the different signal peptides used for the generation of E9.71(M). Table
21, below, shows the E9.71(M) cleavage sites analyzed by Mass Spectrometry.
Table 20. Amino acid sequence of the signal peptides used for the generation of E9.71(M)

Antibody Signal Peptide Signal Peptide Sequence VL Region
E9.71(M) Ala MAWSPLFLTLITHCAGSWA Full Length
(SEQ ID NO:362)
E9.71(M)-1 Ala(GStoRV) | MAWSPLFLTLITHCARVWA Full Length
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E9.16 1.29 3.15 2.45 1.83 14.8 8.1 2.49 3.79 1.52 E9-38 1.27 3.48 2.75 1.84
17.1 9.27 2.42 3.47 1.44 E9.2B 35.6 0.79 0.02 NDND NDND ND ND E9. 1F
21.8 1.16w0.206/0259%94N' D NND D NND N D E9-12B 15.1 0. 31P0TQA32010/047006

(SEQ ID NO:363)

E9.71(M)-2 A 3p MAWTPLLLPLLTFCTVSEA Full Length
(SEQ ID NO:364)

E9.71(M)-3 A 3p MAWTPLLLPLLTFCTVSEA N-terminus S
(SEQ ID NO:365) missing

E9.71(M)-4 Kappa L23 MDMRVPAQRLGLLLLWFPGARC | Full Length
(SEQ ID NO:366)

E9.71(M)-5 Kappa L23 MDMRVPAQRLGLLLLWFPGARC | N-terminus S
(SEQ ID NO:367) missing

Table 21. E9.71(M) antibody cleavage sites analyzed by Mass Spectrometry (MS)

Antibody Antibody Major Cleavage Site % Major
Peak ()
E9.71(M) | MAWSPLFLTLITHCAG |SWA |SYELTQPPSVS 95
(SEQ ID NO:368)
E9.71(M)-1 | MAWSPLFLTLITHCARVWA |SYELTQPPSVS 96
(SEQ ID NO:369)
E9.71(M)-2 | MAWTPLLLPLLTFCTVSEA |SYELTQPPSVS 96
(SEQ ID NO:370)
E9.71(M)-3 | MAWTPLLLPLLTFCTVSEA |YELTQPPSVS 97
(SEQ ID NO:371 )
E9.71(M)-4 | MDMRVPAQRLGLLLLWFPGARC|SYELTQPPSVS Not
(SEQ ID NO:372) determined
E9.71(M)-5 | MDMRVPAQRLGLLLLWFPGARC|YELTQPPSVS Not
(SEQ ID NO:373) determined

Example 8. In Vitro Characterization of Engineered PROfusion Antibodies.

5 The antigen binding affinities of these engineered PROfusion antibodies were determined
by the BIACORE technology as described in Example 1.1, and are shown in Table 22. The in
vitro activities of the representative ones were further evaluated using other methods described in
Example 1, with results shown in Table 23.

Table 22. Biacore kinetics of engineered anti-DLL4 PROfusion antibodies.

Binding kinetics
Human DLL4 ECD Mouse DLL4 ECD Cyno DLL4 ECD

K. Ky Kp K. Ky Kp K. K4 Kp

Antibody | M'SH | (Sh @M) | 'sh | SH | @My | pisH | s | M)
E+04 | E-05 E+04 | E-05 E+04 E-05

E9.4 5.67 331 0.58 538 601 | 1.12 137 344 | 025
E9.11 3.63 1.74 0.48 277 1.39 05 531 089 | 0.17
E9.14 3.99 36.5 9.14 3.89 136 | 3.49 572 386 | 675
E9.17 439 0.44 0.1 3.7 141 | 0.38 7.51 1.23 0.16
E9.18 1.57 1.84 1.18 232 1.68 | 0.73 2.63 2.63 1
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8.35 1.47 0.18 ND ND NND E9-10H 10.4 5.9 0.57 6.53 2.23 0.34 NDND ND
E9-5E 15 0.6 0.04 8.9 0.2 0.02 ND ND N D E9-10C 12 4.59 0.38 7.37 12.1
1.6 ND NWO2h1D2E®410E 21.8 4.62 0.21 15.1 9.41 0. 62 N PCT/US2010/047006

E9.19 7.49 5.17 0.69 6.7 20.6 3.07 1.92 4.86 025
E9.22 391 33.1 8.46 3.78 133 35 5.62 352 6.26
E9.48 1.1 7.59 6.92 1.65 4.17 2.53 1.68 791 471
E9.65 2.59 36.3 14 2.57 13.6 5.27 321 414 12.9
E9.66 3.26 025 0.078 2.89 1.44 0.50 6.55 0.91 0.14
E9.71 3.88 3.51 091 3.55 21.6 6.08 7.75 3.79 0.49
E9.13 3.74 4.97 1.33 4.34 21.2 4.89 7.92 4.95 0.63
E9.16 1.29 3.15 245 1.83 14.8 8.1 249 3.79 1.52
E9-38 1.27 3.48 2.75 1.84 17.1 9.27 242 3.47 1.44
E9.2B 356 0.79 0.02 N/D N/D N/D N/D N/D N/D
E9.1F 21.8 1.16 0.05 N/D N/D N/D N/D N/D N/D
E9-12B 15.1 031 0.02 835 1.47 0.18 N/D N/D N/D
E9-10H 10.4 59 0.57 6.53 223 0.34 N/D N/D N/D
E9-5E 15 0.6 0.04 89 02 0.02 N/D N/D N/D
E9-10C 12 4.59 0.38 7.37 12.1 1.6 N/D N/D N/D
E9-10E 21.8 4.62 021 15.1 9.41 0.62 N/D N/D N/D
E9-7E 15.2 4.12 027 9.53 22.1 23 N/D N/D N/D
Al10.K30 3.57 274 7.69 NB NB NB N/D N/D N/D
Al10.K42 10 40.6 4.06 NB NB NB N/D N/D N/D
Al10.L45 4.4 3.16 0.72 NB NB NB N/D N/D N/D
Al10.L73 5.07 0.95 0.19 NB NB NB N/D N/D N/D

MADb = monoclonal antibody; N/D = not determined, NB = no binding
Table 23. Characterization of selected engineered PROfusion DLL4 antibody.

Direct Binding Assays Functional Blockade Assays
Competition Competition
Capture ELISA FACS ELISA FACS Inhibition of
(ECso, nM) (ECs0, nM) (ICs,, nM) (IC5,nM)  |Notch activation
Antibody DLL4 ECD/ huNotch-1/ via huDLL4
DLL4 ECD DLL4 Cells huNotch-1 DLL4 cells | cells, coculture
hu | mu |cyno| hu | mu | hu | mu |cyno | hu mu (ICsonM)
E9-2B |0.16] 0.16 | 0.45 |1.78| 035 |23 |28 2.2 | 263 | 0.34 2.1
E9-71 |[0.16] 0.17 [ 0.44 |1.82] 032 | 2.0 | 13| 2.0 | 322 ] 0.24 2.1
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NDNDE9S-7E 15.2 4.12 0.27 9.53 22.1 2.3 ND ND N D A10. K30 3.57 27.4
7.69 NB NB NB ND ND NND A10. K42 10 40.6 4.06 NB NB NB ND NND N D A10. L45

4.4 3.16 wo2a11NBsNB NB D NN D NV D A10.L73 5. 07 PCT/US2010/047006
E9-19 ]0.17| 0.17 [ 0.46 |2.79] 054 | 18|13 | 1.5 | 490 | 0.44 4.4
E9-4 |ND|ND [ ND [1.63| 063 |[ND|ND|[ND | 43 | 03 N/D
E9-11 |N/D| N/D | N/D |4.46] 1.45 |ND|N/D| N/D |14.75| 2.06 N/D
E9-16 |N/D|ND |[ND |1.7| >50 |ND|ND|ND | 1266 | 1.1 N/D
E9-17 |IND|ND [ND | 8 | 257 |ND|ND| N/D |19.79] ND 1
E9-22 |N/D| N/D | N/D 3434 37.35 |[N/D|N/D| N/D [21.05] 2.63 N/D
E9-38 |N/D| N/D | N/D |1.66] 0.13 |ND|ND|ND | 776 | 12 N/D
E9-48 |ND|ND | ND |ND| ND |ND|ND|ND | 912 | 13 N/D
E9-66 |N/D| N/D [ N/D |2.02] 07 |ND|ND| ND | 503 | 0.99 N/D
E9-IF |N/D| N/D | N/D |2.65] 037 |ND|ND| N/D | 6.55 | 0.65 N/D
E9-5E |N/D| N/D | N/D [ 27] 089 |ND|ND|N/D | 3.76 | 0.34 N/D
E9-7E |N/D| N/D | N/D [4.46]| 194 |[ND|[ND|[ND | 4 | 033 0.41
E9-10C |N/D| N/D | N/D [3.15] 0.88 |N/D|N/D| N/D | 3.03 | 0.26 0.85
E9-10E [ND|ND [ ND |51 ] 1.19 [ND|ND| ND | 383 | 036 N/D
E9-10H |N/D| N/D | N/D |3.52] 0.82 |ND|ND| ND | 565 | 0.6 N/D
E9-12B |N/D| N/D | N/D [3.34| 071 |N/D|N/D| N/D | 444 | 037 N/D
E9-71M) [N/D | N/D | N/D [0.27] 029 [ND|ND|ND | 212 ] 018 N/D
E9-71(L) [N/D| N/D | N/D [0.22] 047 [ND|ND|ND | 1.82 ] 0.21 2.4

E9-71(M)-3|N/D| N/D | N/D |[N/D| ND [ND|ND|ND [ ND | N/D 0.65

hu = human; mu = murine; cyno = cynomolgus monkey; N/D = not determined
Example 8: Physicochemical Properties of Selected PROfusion Antibodies.

The identity of monoclonal antibodies specific to DLL4 was determined by mass
spectrometry as below.

5 Mass Spectrometry Analysis of E9-71.

Light chain and heavy chain molecular weight analysis: E9-71 sample was diluted to 1
mg/mL with Milli-Q water. 1 uL of 1 M DTT was added to 20 uL of diluted sample. The sample
was incubated at 37°C for 30 minutes. 1 uL of the reduced samples was injected onto the Agilent
6510 Q-TOF LC/MS system with a Varian Diphenyl column. Buffer A was 0.02% trifluoroacetic

10 acid (TFA), 0.08% formic acid (FA) in water. Buffer B was 0.02% TFA, 0.08% FA in
acetonitrile. The gradient started at 5%B, increased to 35%B in 5 minutes, and increased to
38%B in 15 minutes. The gradient then increased to 95% B in 1 minute and stayed at 95%B for 4
minutes, and decreased to 5%B in 1 minute. The flow rate was 50 uL/min. The mass

spectrometer was operated at 5 kvolts spray voltage and scan range was from 600 to 3200 mass to
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Bl ockade Assays Anti body Capture ELISA (EC50, nM FACS (EC50, nM
Competition ELISA (1C50, nM Conpetition FACS (I C50nM Inhibition of Notch
activation via huDLL4 cells, coculture (1C50nM DLL4 ECD DLL4 Cells DLL4

ECD/ huNot clharke RUNOLHE Mgtk Lo thdteGRE Weight of P26MDAYRattHed Tl With Wbltheoretical
value with the amino acid Y being the N-terminus. Three minor peaks were observed at
molecular weight 22014 Dalton, 22737 Dalton, and 22937 Dalton. The peak at 22014 Dalton was
consistent with N-terminal -6 amino acid fragment. This peak was most probably caused by the

5  in-source fragmentation from the full length light chain, as lowering the mass spectrometer
"fragmentor value" can lead to the disappearance of this peak. The 22737 Dalton was consistent
with the theoretical value with the amino acid S being the N-terminus. The 22937 Dalton was
consistent with the light chain with signal peptide extension of amino acids "LS" on the N-
terminal. The heavy chain molecular weights matched well with the theoretical values. The

10 observed molecular weights were 50263 Dalton, 50426 Dalton, and 50588 Dalton, with the
difference corresponding to 162 Dalton as result of different glycosylation.
Mass Spectrometry Analysis of E9-71(M).

The same method described in "Mass spectrometry analysis of E9-71" was used to

analyze the E9-71(M) sample. The light chain molecular weight of 22645 Dalton matched well

15  with the theoretical value with the amino acid S being the N-terminus. A small peak with
molecular weight 22989 Dalton was observed, corresponding to the light chain with signal
peptide extension of amino acids "SWA" on the N-terminal. A very small peak with molecular
weight 21923 Dalton was also observed, although it was highly likely caused by in-source
fragmentation as lowering the mass spectrometer "fragmentor value" led to disappearance of this

20  peak. The heavy chain molecular weights matched well with the theoretical values. The observed
molecular weights were 50263 Dalton, 50426 Dalton, and 50588 Dalton, with the difference
corresponding to 162 Dalton as result of different glycosylation.
Mass Spectrometry Analysis of E9-71(L).

The same method described in "Mass spectrometry analysis of E9-71" was used to

25  analyze the E9-71(L) sample. The light chain molecular weight of 22645 Dalton matched well
with the theoretical value with the amino acid S being the N-terminus. A small peak with
molecular weight 22989 Dalton was observed, corresponding to the light chain with signal
peptide extension of amino acids "SWA" on the N-terminal. A very small peak with molecular
weight 21923 Dalton was also observed, although it was highly likely caused by in-source

30  fragmentation as lowering the mass spectrometer "fragmentor value" led to disappearance of this
peak. The heavy chain molecular weights matched well with the theoretical values. The observed
molecular weights were 50245 Dalton, 50407 Dalton, and 50569 Dalton, with the difference
corresponding to 162 Dalton as result of different glycosylation.
Mass Spectrometry Analysis of E9-71(M)-3.

35 The same method described in "Mass spectrometry analysis of E9-71" was used to
analyze the E9-71(M)-3 sample. The light chain molecular weight of 22558 Dalton matched well

with the theoretical value. A very small peak with molecular weight 21923 Dalton was also
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observed, although it was highly likely caused by in-source fragmentation as lowering the mass
spectrometer "fragmentor value" led to disappearance of this peak. The heavy chain molecular
weights matched well with the theoretical values. The observed molecular weights were 50263
Dalton, 50426 Dalton, and 50588 Dalton, with the difference corresponding to 162 Dalton as

5 result of different glycosylation.

The solubilities of the antibodies were estimated by polyethylene glycol (PEG) 3000
precipitation. They were also directly determined, i.e., real solubility, by concentrating the
antibodies in a specific solution and/or buffer with Amicon centrifugal filters and then observed
for any precipitation at 25°C and 5°C. Stability was inferred by near ultra-violet circular (UV-

10 CD) and differential scanning calorimetry (DSC). Stability to freezing and thawing and at
elevated temperatures (accelerated stability) was assessed by size exclusion chromatography
(SEC). The detail techniques were described in Example 1.8 and the results are described below:
Solubility Estimation by PEG Precipitation Results.

Tables 24 and 26 shows the percentage of PEG 3000 needed to induce precipitation for a

15  series of E9 clones. The clones and the Adalimumab reference were formulated at 0.2 mg/ml.
According to the results, clones such as E9-4, E9-14, E9-22, and E9-19 are estimated to have
solubilities similar to that of adalimumab (approximately 200 mg/ml) while clones such as E9-11
and E9-17 are estimated to have much lower solubilities.

Table 25 shows the percentage of PEG 3000 needed to induce precipitation for a series of

20  stability engineered E9 clones. The clones and the adalimumab reference were formulated at 0.2
mg/ml. According to the results, clones such as E9-SE1 have the highest solubilities in the series
but are not expected to have solubilities similar to that of adalimumab (approximately 200 mg/ml)
while clones such as E9-SES are estimated to have much lower solubilities.

Table 24. Percentage of PEG 3000 needed to induce precipitation for a series of E9 antibodies.
25  (The antibodies were formulated at 0.2 mg/ml.)

A-Number Lot # Antibody % PEG 3000
A-1242367.0 1718299 DLL4-E9-11 hIgG1/L 3.00
A-1242368.0 1718300 DLIL4-E9-17 higG1/L 3.00

E9.1 IgG2 3.00
A-1242369.0 1718301 DLIL4-E9-18 hIgG1/L 4.00
A-1242370.0 1718302 DLL4-E9-48 hIgG1/L 4.00

E9.1 IgG4 5.00

DLL4-E9-3 higG/L 6.00
A-1242371.0 1718303 DLL4-E9-66 higG1/L 8.00
A-1241120.0 1716682 DLL4-E9-16 hIgG1/L 10.00
A-1242795.0 1718785 DLIL4-E9-13 higG1/L 10.00
A-1241121.0 1716683 DLL4-E9-38 hIgG1/L 11.00
A-1242800.0 1718790 DLL4-E9-71 hIgG1/L 11.00
A-1242794.0 1718784 DLL4-E9-4 higG1/L 12.00
A-1242796.0 1718786 DLL4-E9-14 hIgG1/L 12.00
A-1242798.0 1718788 DLIL4-E9-22 hIgG1/L 12.00
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A-1242797.0 1718787 DLL4-E9-19 hIgG1/L 14.00
adalimumab 14.00

Table 25. Percentage of PEG 3000 needed to induce precipitation for a series of E9 stability

engineered antibodies. (The antibodies were formulated at 0.2 mg/ml.)

Antibody % PEG 3000
E9-SE5 6.00
E9-SE7 7.00
E9-SE4 7.50
E9-SER 7.50
E9-SE2 9.00
E9-SE3 9.00
E9-SE6 9.50
E9-SE1 10.00
(+) E9.1 9.00

(H) E9 10.50
adalimumab 13.00

5  Table 26. Percentage of PEG 3000 needed to induce precipitation for a series of E9 antibodies.

(The antibodies were formulated at 0.2 mg/ml.)

Antibody % PEG 3000
E9-2B 8.00
E9-1F 8.00

E9 10
adalimumab 14

Real Solubility Screening Results: E9, E9-19, E9-71, E9-2B, E9-1F.
Solutions containing 12 mg of E9, E9-71, E9-1F, and E9-19 and 5.5 mg of E9-2B were
10 obtained. E9 is the [gGGl mutant isotype. The volumes of all solutions were reduced below 1 ml
by ultra-centrifugation with Amicon 30K 15 ml tubes.
After this step, the following was observed: E9-2B and E9-19 were clear. E9, E9-71, and
E9-1F were slightly cloudy.
10 ml of 15 mM histidine buffer at pH 5.03 was added to each tube and the solutions re-
15  concentrated to 1 ml. The solutions were then transferred to Amicon 30K 4 ml tubes and
concentrated to as low a volume as possible.
After this step, the following was observed at room temperature:
E9: 163 mg/ml; vol=0.05 ml; pH = 5.12
E9-19: 132 mg/ml; vol=0.05 ml; pH = 5.06
20 E9-71: 193 mg/ml; vol=0.05 ml; pH = 5.32
E9-2B: 64 mg/ml; vol=0.1 ml; pH=5.29
E9-1F: 100 mg/ml; vol=0.1 ml; pH=5.31
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Both E9-2B and E9-1F required much longer to concentrate than the other three. This
may suggest that their viscosity is high under the formulation conditions.

The solutions were then placed at 5°C for two days to assess solubility at this
temperature. The following was observed:

5 E9: remained clear at 5°C and when brought back to room temperature
E9-71: remained clear at 5°C and when brought back to room temperature
E9-1F: showed an extremely slight amount of cloudiness at 5°C that cleared
when brought to room temperature after 20 minutes
E9-2B: showed a slight amount of cloudiness at 5°C that cleared when brought to
10 room temperature after 20 minutes
E9-19: showed apparent cloudiness at 5°C that cleared when brought to room
temperature after 20 minutes.
Real Solubility Screening Results for E9-71.
For E9-71, 4 mg in solution was concentrated with Amicon centrifugal filters to 60
15  mg/ml. No precipitation or cloudiness was observed at 25°C nor after storage for 1 day at 5°C.
Tertiary Structure Characterization by Near UV-CD Results.

Near UV-CD was performed on E9, E9-19, E9-71, E9-2B, and E9-1F samples at 1
mg/ml. The profiles of the spectra show a sigmoidal pattern typically observed for properly
folded antibodies. From this technique, no indication of misfolding is observed for the antibodies.

20  Intrinsic Stability Characterization by Differential Scanning Calorimetry (DSC).

DSC was performed on E9, E9-19, E9-71, E9-2B, and E9-1F samples at 1 mg/ml. The
results are given in Table 27. The onset is the temperature at which unfolding initiates. Also, an
IgG antibody typically shows three unfolding transitions (Tm): unfolding of the intact antibody is
associated with the melting of the CH2 domain in the Fc fragment, melting of the CH3 domain in

25  the Fc fragment, and melting of the Fab fragment. Onset values suggest E9, E9-19, and E9-71 are
most stable. Typically, clones with higher Tm values are preferred over those with lower values.

Table 27. Intrinsic stability of anti-DLL4 E9 clones via DSC at 1 mg/ml.

Antibody Tml (°C) Tm2 (°C) Tm3 (°C) Onset (°C)
E9 64.45 72.12 80.04 54
E9-19 65.66 77 56
E9-71 65.65 75.36 81.24 54
E9-2B 64.74 80.58 83.27 52.5
E9-1F 63.84 80.51 83.26 513

Evaluation of Stability to Freeze-Thaw Stress

30 Stability to freeze-thaw stress was evaluated for E9, E9-19, E9-71, E9-2B, and E9-1F

samples at 1 mg/ml. Table 28 shows the results of SEC analysis of samples after five freeze-thaw
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cycles. All the antibodies tested were stable to freeze-thaw stress. No apparent loss of monomer

was observed even after 5 freeze-thaw cycles.

Table 28. Percentage of monomer species quantitated by SEC before freezing at -80°C and after

five cycles of freezing at -80°C and thawing at 30°C in water bath for anti-DLL4 clones.

Antibody % monomer before freezing % monomer after 5th
freeze-thaw cycle
E9 99.2 99.3
E9-19 99.3 99.1
E9-71 96.9 96.8
E9-2B 99.0 98.9
E9-1F 98.6 98.5

Evaluation of Stability at Elevated Temperatures (Accelerated Stability).

Stability at elevated temperatures was evaluated for E9, E9-19, E9-71, E9-2B, and E9-1F

samples at 1 mg/ml. Table 29 shows the results of SEC analysis of samples at time zero and after

7 and 21 days at 40°C and 50°C. The degradation kinetics for all of the antibodies revealed an

approximately 8% reduction in monomer percentage after 21 days 50°C.

Table 29. Percentage of different species quantitated by SEC for anti-DLL4 clones at time zero

and after incubation for 7 and 21 days at 40°C and 50°C. (Samples were formulated at 1 mg/ml.)

Antibody % monomer | % monomer | % monomer | % monomer | % monomer
at time zero at 7 days at at 7 days at at21 daysat | at 21 days at
40°C 50°C 40°C 50°C
E9 99.2 98.6 86.8 90.9 88.1
E9-19 99.3 98.7 96.8 97.4 91.9
E9-71 96.9 96.4 95.4 95.0 91.0
E9-2B 99.0 98.6 97.0 97.1 92.4
E9-1F 98.6 98.2 96.5 96.8 91.9
Antibody % aggregate | % aggregate | % aggregate | % aggregate | % aggregate
at time zero at 7 days at at 7 days at at21 daysat | at 21 days at
40°C 50°C 40°C 50°C
E9 0.3 0.3 0.3 0.5 0.6
E9-19 0.3 0.3 0.4 0.7 1.4
E9-71 2.4 2.3 1.8 2.9 2.8
E9-2B 0.5 0.4 0.5 0.9 1.7
E9-1F 0.3 0.3 0.3 0.6 1.6
Antibody % fragment % fragment | % fragment | % fragment | % fragment
at time zero at 7 days at at7daysat | at2l daysat | at21 days at
40°C 50°C 40°C 50°C
E9 0.5 1.2 12.9 8.7 11.3
E9-19 0.4 1.0 2.8 1.9 6.7
E9-71 0.7 1.3 2.8 2.1 6.2
E9-2B 0.6 1.0 2.5 2.0 5.9
E9-1F 1.1 1.5 3.2 2.5 6.5
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Example 9: Rodent PK Assessment of Anti-DLL4 Antibodies.
To assess pharmacokinetics properties of anti-DLL4 antibodies, SCID-Beige mice (n =3
per antibody) were administered a single intraperitoneal (IP) dose of antibody at either 5 or 30
mg/kg concentration, depending on cross-reactivity of antibody to murine DLL4. Longitudinal
5 serum samples (5 pl of whole blood diluted 1:50 in HBS-EP+ buffer per time point) were
collected from each animal over 21 days. Serum concentrations were determined using a DLL4-
specific Biacore platform. Briefly, human DLL4 was immobilized to a sensorchip and samples
were injected over the flowcell at 5 pl per minute for 5 minutes with the resulting binding levels
measured and compared to standards. Serum concentration time profiles were used to estimate
10 the pharmacokinetic parameters of Cpe (peak serum concentration), CL (clearance), and ty,
(antibody half life), summarized in Table 30. For both E9 and A10 PROfusion antibodies, their
pharmacokinetics properties were improved through CDR-engineering during the process of
affinity maturation.

Table 30. Pharmacokinetic parameters of anti-DLL4 antibodies in SCID-beige mice.

Antibody (VR0 () (ke (G
E9 30 201 3.10 1.3
E9-10C 30 165 0.82 5.2
E9-10E 30 263 0.97 3.8
E9-10H 30 235 1.49 3.1
E9-12B 30 146 1.32 3.8
E9-19 30 179 1.08 4.4
E9-1F 30 269 0.89 4.2
E9-2B 30 165 0.65 5.5
E9-5E 30 234 0.95 3.0
E9-66 30 114 2.90 1.9
E9-71 30 102 1.10 4.2
E9-71(L) 30 145 0.83 4.1
E9-71(M) 30 113 1.07 43
E9-7E 30 130 1.23 5.8
Al0 5 10.5 5.80 3.1
A10.K30 5 15.6 0.69 17.7
Al10.K42 5 12.5 0.93 13.8
A10.L45 5 18.6 0.65 13.4

15
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Spect r onet 1k AR Y-NnS- [ﬁfL4 BQtitfolly Treatment Inckda @0 EnddAR1iN CRNGprbARAY ¥: vERAT N
nmol ecul ar wei ght__anal ysi s: s diluted to 1 ng/nL with MI1i-Q

E9- 71 sa
water. 1 ut of T PMEYPREYP AV ngﬁ?ni‘%ﬂ‘étfm THE 89 "SARPTECPRY sanpl e was
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onto the Ag 158&8?&5% efl Iﬁuor alqur@ 'xéss Y &0N s‘Mu%ed with & al’(gt n%rt4 B‘/xﬁ??nﬁﬁror%}% um.

Buf f er A was Gace
(50 U/ml). Cytodex 3 beads (Amersham Pharmacia Biotech) were coated with 350 to 400

HUVECS per bead for overnight. About 20 HUVEC-coated beads were imbedded in the fibrin
clot per well of a 96-well tissue culture plate. Conditioned medium derived from normal human
fibroblasts (NHLF, Lonza) at 80% confluence was plated on top of the gel. DLL4 antibody and
control antibody KLH at 15 pg/ml were added onto the well. At day 10 and 12, images were

10 taken with inverted microscope and Nikon CCD camera. DLL4 inhibition with E9 and A10
antibodys results in enhancement of endothelial cell sprouting in vitro (data not shown).
Example 11: DLL4 Antibody Treatment Inhibited Tumor Growth ir vivo.

The effect of anti-DLL4 antibodies on tumor growth was evaluated on subcutaneous

Calu-6 xenograft tumors implanted in SCID-Beige mice. Briefly, 2x10° cells were inoculated

15  subcutaneously into the right hind flank of female SCID-Beige mice. Tumors were allowed to
establish for 14-18 days, at which point tumor volume was determined using electronic caliper
measurements. Tumor size was calculated using the formula: L x W%2. Mice were allocated into
treatment groups (n=10 per group) so that each cohort of animals had equivalent mean tumor
volume prior to initiation of therapy (typically between 180 and 250 mm”®). Animals were then

20 dosed intraperitoneally twice a week for two weeks (total of 4 doses) with anti-DLL4 antibodies.
Tumor volume was measured on average twice a week for the duration of the experiment until the
mean tumor volume in each group reached an endpoint of > 2,000 mm”’. Results are shown in
Table 31. For E9 series of PROfusion antibodies, those with improved pharmacokinetics (as
shown in Example 9) tend to have stronger anti-tumor activity in vivo.

25
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Exanple 1.8 and the results are described below Solubility Estimation by
PEG Precipitati on Resul ts. TabI es 24 and 26 shows the per cent age of PEG

NSNS Y . I L L Y o Ar-_ = P~ I ——r I




DLL4-E9-11 hlgd /L 3.00 A-1242368.0 1718300 DLL4-E9-17 hlgd /L 3.00 E9. 1
lg& 3.00 A-1242369.0 1718301 DLL4-E9-18 hlgd /L 4.00 A-1242370.0 1718302

DLL4- E9- A80Rbp@259644. 00

E9.1 Ig&4 5.00 DLL4- E9- 3 hl @Gruseo10047006

A-1242371.0 1718303 DLL4-E9-66 hlgd /L 8.00 A-1241120.0 1716682 DLL4-E9- 16
higd /L 10.00 A-1242795.0 1718785 DLL4-E9-13 hlgd /L 10.00 A-1241121.0
1716683 DLL4-E9-38 hlgd@/L 11.00 A-1242800.0 1718790

What is claimed is:

L.

10

15

20

25

30

35

A binding protein comprising an antigen binding domain capable of binding human

DLLA4, said antigen binding domain comprising at least one or more CDRs selected from

the group consisting of:

CDR-H1l: ¥X;-X,-X3—X;—X:-X,~X, (SEQ ID NO:99), wherein;

Xy
X,
X3
Xy
Xs
X
X7

is S or N;

is S, G, or N;

is s, N, T, G, or R;
is Y;

is Y or H;

is W; and

is G;

CDR-HZ: X;=X;=X3=Xy=X5= X5~ X7~ Xs=Xo=X10=X11 = X127 X137 X154 X15-X15  (SEQ

ID
X1
X3
X3
Xy
Xs
Xs

X16
CDR-H3: Xl_XZ

NO:100), wherein;
is D;

is I;

is Y, N, or S;

is Y;

is
is

T
G
is s, N, T, or G;
T
Y

is
is
is K; and

is S, N, D, or G;

X=Xy KX5—K—X7=Xg—Xg—%X10-X117 (SEQ ID NO:101),

wherein;

Xy is E, Y, F, Q, W, L, or A;

X, is D, A, S, G, V, E, or N;

X3 is VvV, M, L, , or A;

Xy is I, A, P, R, S, K, Q, V, G, M, or E;
Xs is L, Y, F, or M



DLL4-E9-71 hlgd /L 11.00 A-1242794.0 1718784 DLL4-E9-4 hligd /L 12.00
A-1242796.0 1718786 DLL4-E9-14 hlgd /L 12.00 A-1242798.0 1718788 DLL4- E9-22
hl gd /L MOoQ011/0ad62011/ 025964PCT/ US2010/ 047006 Tabl e 25PpcParsec@names of PEG
3000 needed to induce precipitation for a series of E9 stability engi neered
anti bodi es. (The anti bodies were fornulated at 0.2 ng/nml.) Antibody % PEG
3000 E9-SE5 6.00 E9-SE7 7.00 E9-SE4 7.50 E9-SE8 7.50 E9-SE2 9. 00 E9- SE3
9.00 E9-SE6 9.50 E9-SE1 10. 09 £,+),E9, 1,9000:;(+) E9 10.50 adal i mumab 13. 00
5Tabl e 26. Percentage of PEG 3000 needed to induce precipitation for a

series of E9 anti bodies. >f*l'ﬁ«i\ %nt i bodi es were fornul ated at 0.2 mg/ mL. )
Xg is G, A, or S;

Xy is S, A, L, V, R, or G;

5 Xip 1s D; and
X, is Y, D, S, N, #H, E, R, L, P, C, I, M, T, Q,
or K;

CDR-L1: X;—X,;—X3-¥X;~Xs—X;~X7-Xg—Xs—X10—X;; (SEQ ID NO:102),

wherein;

10 X, is S;
X, is G;
X3 1is Q, E, or D;
Xy is R, S, G, M, K, L, or T;
Xs is L;

15 Xs 1s G;
X; 1is D or E;
Xg is K;
Xy 18 Y
Xip is A or V; and

20 X1 1s S;

CDR-L2: X;-X,-X3—X;~Xs—X:~X, (SEQ ID N0:103), wherein;

X, is E or Q;
X, is D;
X5 1is

, T, A, E, or F;

, L
25 Xy 1s T, E, N, Q, S, or M;

7

Xs 1s P; and

S
K
Xs is R;
P
X; i1s S
and
30 CDR-L3: X;—X;—X3-X;—X5—X;~X7-Xg—Xs (SEQ ID NO:104), wherein;
X, 1s Q;
X, 1is A
X3 is W;
Xy 18 D
35 Xs is R, S, M, E, N, G, or K;
Xs 1s D or E;

X; is T, V, A, S, or M;
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Ant i body % PEG 3000 E9-2B 8.00 E9-1F 8.00 E9 10 adalinmumab 14 Real
Solubility Screening Results: E9, E9-19, E9-71, E9-2B, E9-1F. Sol utions
cont ai ni yoB1wyswh E9, E9-71, E9-1F, and E9-19 and 5. 5PeG/uskoiz942Bs wer e
10obtained. E9 is the IgGlL nmutant isotype. The volunes of all solutions
were reduced below 1 m by ultra-centrifugation with Am con 30K 15 m

t ubes. After this step, the follow ng was observed: E9-2B and E9-19
were clear. E9, E9-71, and E9-dFawese sl kghtly cloudy. 10 ml of 15 nmM

hi stidine buffer at pH 5.03. added to each tube and the solutions re-
15concentrated to 1 m. e*8olutions were then transferred to Anmicon 30K 4
m tubes and concentrated to as | ow a volune as possible. After this step,

me_f g' '13“5%91\3@1%333‘%%9@?‘“@&0 %g%élﬁmemﬁws@l a Ogasﬁogiég@f c%angsgsoéﬁg? rr105 m

vol =0.05 m ; pHamHQaSQSqHQQnWeleﬁﬂdﬁ*‘@?W;‘%TOWOH@U%%‘E{ pH=5.29 E9-1F: 100
mg/ m; vol =0. 1 rﬂ:ﬁdu&HE@J%ﬂ-ShEQIDNOB@@@RE@T?@@d@e@@Z @oflﬁdlmh [ﬁﬂ)f{mch | onger
to concentratet n the er suggest that their viscosity
i s high under tﬁg?fr?ﬂdfﬁfl {)lbon"f%g{ﬁ]sy @%R% The sol utions were then
placed at 5C f orresidnes 243y of SEQ BESE@S 5l (CDRULI);|réstdyesatd-5t of SEQ Bnpen at ure. The
foll ow ng was otzé]gﬁ_\tzg'mﬁ&%% gggtpg gﬁ%b&% ?ﬁr(CB%'&?F and when brought back to

roomtenperature enmal ned cl ear at and when brought back to
room t ehper at ur SERIDNO: 1 g HGRA 1 4 FEQXP NeWE B YCI3R-Hgh EEQHD DIRE 1 LHICTR-Békli ness at

SC that cl eared gpyap Nt mg@mm) rs@@ﬁbm@lz@mm) @ﬁ@@bNe)sz@ﬁ as);
E9- 2B. showed a sllght anou hat cl eared when brought

to 10room tenpersgpd é\l%{‘ztsé?mﬁﬁnﬁlsﬁgt@yo 126 (CDR E&? §§Q I%H&%é%%ﬁ%m
cl oudi ness at SGEQhatNG:macmd HM)SBQID 0wgit (¢COR-HOPBEQ @npexiat (GDR-BbE er 20

m nutes. Real S ) I
sol ution was co%lgen Ci%é%ﬁﬁﬂﬁg??ﬁweﬁtﬁ é%é{gf S]TZ(%P? grg'smggc ‘%%Hi)fi / n1 No
preci pi tation orSE@IIBM PESSDRvdN ); S6QeP WUl 38 (CIH5E21n SEQ &P Ner138 ((dkafe); for 1 day

at 5C. Tertiary s§br15§$dlf45f (@ﬁr}ﬁ?tsﬁé'lﬁ@lb QQ &)’RHQ?EE&%Q@ 1'3??@61& ﬁ3
Near UV-CD was perfor rrpl es at 1

ng/ m . The prof iERIDHO: %‘ﬁécglbé@f rSEQélﬁéw %%@WH%C?E)%Npéﬁ(Q%f@aI ly
observed for prgeenbwd:olodedr ant;isbodb &®:15b{CmRr-HDj; SEQ €6 NoHiquasDrIa3); ndi cat i on

f m sfoldi [
(C):ha;n ait gri |thg i B?E%B%[C%Vfﬂééﬁ%ﬁ%ﬁ&@%ﬁﬁg orl}‘rg%‘(?hg B§§ C"Hﬂhk DSC was
perforngd on E9,SERIDIE): 1EQCD11HlEgEQIBDI\@UfﬂEQDIiHZ)séﬁ@lﬂésIOalt”(].CD@HBOL The
results are gi V%‘%Q'IBNT?%?CBK HJ@EQQ}BW@Q%C&I@%} ?ﬁ@%ﬁb%?g R-WH) ch

unfolding initiates. SO, l?l ca é shows ree unfol di ng
ansi 1 ans. ( TrySEOTRASY HSHGDBHIE RECTRNAEISS Ak S ER 45 NOLGE GGt ¢ h ¢ he
mel ting of the GHD IdmRig (EPRIHEG SEQ 1 Nagme itHrR-AR); SEQEd &b: i7heciiEd3domai n i n

25 R 55, "hoamaabn NPT 18, SNl 2R P o nEaeh: Y B 90

val ues ¥ e pref SEQSD No¥EY7 (ChRSE); WEQHD NOWER (ViR-ties SEQADNO:127 (CORtiBX nsi
?tC;ibil'ln}Bt %/C;Jf oﬁ'gtsf[EQ?é%EgS? (EBRAAS s¥hap Re 3 cor MBS, Bk 15bl ROWHRIAL), (C) Tn2
SEQ ID'NO:185 (CDR-H1); SEQ ID NO:186 (CDR-H2); SEQ ID NO:187 (CDR-H3);
SEQ ID NO:189 (CDR-H1); SEQ ID NO:190 (CDR-H2); SEQ ID NO:191 (CDR-H3);
SEQ ID NO:193 (CDR-H1); SEQ ID NO:194 (CDR-H2); SEQ ID NO:195 (CDR-H3);
30 SEQ ID NO:197 (CDR-H1); SEQ ID NO:198 (CDR-H2); SEQ ID NO:199 (CDR-H3);
SEQ ID NO:201 (CDR-H1); SEQ ID NO:202 (CDR-H2); SEQ ID NO:203 (CDR-H3);
SEQ ID NO:205 (CDR-H1); SEQ ID NO:206 (CDR-H2); SEQ ID NO:207 (CDR-H3);
SEQ ID NO:209 (CDR-H1); SEQ ID NO:210 (CDR-H2); SEQ ID NO:211 (CDR-H3);
SEQ ID NO:213 (CDR-H1); SEQ ID NO:214 (CDR-H2); SEQ ID NO:215 (CDR-H3);
35 SEQ ID NO:217 (CDR-L1); SEQ ID NO:218 (CDR-L2); SEQ ID NO:219 (CDR-L3);
SEQ ID NO:221 (CDR-L1); SEQ ID NO:222 (CDR-L2); SEQ ID NO:223 (CDR-L3);
SEQ ID NO:225 (CDR-L1); SEQ ID NO:226 (CDR-L2); SEQ ID NO:227 (CDR-L3);
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64.45 72.12 80.04 54 E9-19 65.66 77 --- 56 E9-71 65.65 75.36 81.24 54 E9-2B
64. 74 80.58 83.27 52.5 E9-1F 63.84 80.51 83.26 51.3 Evaluation of

St abi | i t yWOaoHreswe- Thaw Stress 30Stability to freeze- PRAWSSINAIBONAS

eval uated for E9, E9-19, E9-71, E9-2B, and E9-1F sanples at 1 ng/m . Table
28 shows the results of SEC analysis of sanples after five freeze-thaw WO
2011/ 025964PCT/ US2010/ 047006 cycles. Al the antibodies tested were stable

to freeze-thaw sfEapNO:NO @PRAN £REQIIOSS): 230 ((MNLHESEVASNODSECHRALgVen af ter
nono

quant i ed by SEE DAL DB SE0 4 RoEGE GG s ISR EFEE o
fr egazi ng at - 80GEanD NO)M(@QR&H); SBCID NOwas DA NSE@ID 0289 (DDR4L3g;1 ones.
Sl o5 % ronorg gL EARstl g1 SEATRInEL Srihbeeestign ovcl o €9
5 SEQ ID NO:245 (CDR-L1); SEQ ID NO:246 (CDR-L2); SEQ ID NO:247 (CDR-L3);
SEQ ID NO:249 (CDR-L1); SEQ ID NO:250 (CDR-L2); SEQ ID NO:251 (CDR-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:259 (CDR-L3);
SEQ ID NO:261 (CDR-L1); SEQ ID NO:262 (CDR-L2); SEQ ID NO:263 (CDR-L3);
10 SEQ ID NO:265 (CDR-L1); SEQ ID NO:266 (CDR-L2); SEQ ID NO:267 (CDR-L3);
SEQ ID NO:269 (CDR-L1); SEQ ID NO:270 (CDR-L2); SEQ ID 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-L2); SEQ ID NO:283 (CDR-L3);
15 SEQ ID NO:285 (CDR-L1); SEQ ID NO:286 (CDR-L2); SEQ ID NO:287 (CDR-L3);
SEQ ID NO:289 (CDR-L1); SEQ ID NO:290 (CDR-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:298 (CDR-L2); SEQ ID NO:299 (CDR-L3);
SEQ ID NO:301 (CDR-L1); SEQ ID NO:302 (CDR-L2); SEQ ID NO:303 (CDR-L3);
20 SEQ ID NO:305 (CDR-L1); SEQ ID NO:306 (CDR-L2); SEQ ID NO:307 (CDR-L3);
SEQ ID NO:309 (CDR-L1); SEQ ID NO:310 (CDR-L2); SEQ ID NO:311 (CDR-L3);
SEQ ID NO:313 (CDR-L1); SEQ 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 SEQ ID NO:335 (CDR-L1); residues 49-55 of SEQ ID NO:335 (CDR-
L2); residues 88-96 of SEQ ID NO:335 (CDR-L3);
residues 31-37 of SEQ ID NO:336 (CDR-H1); residues 52-67 of SEQ ID NO:336 (CDR-
H2); residues 100-110 of SEQ ID NO:336 (CDR-H3);
residues 23-33 of SEQ ID NO:337 (CDR-L1); residues 49-55 of SEQ ID NO:337 (CDR-
30 L2); residues 88-96 of SEQ ID NO:337 (CDR-L3);
residues 31-37 of SEQ ID NO:338 (CDR-H1); residues 52-67 of SEQ ID NO:338 (CDR-
H2); residues 100-110 of SEQ ID NO:338 (CDR-H3);
residues 23-33 of SEQ ID NO:339 (CDR-L1); residues 49-55 of SEQ ID NO:339 (CDR-
L2); residues 88-96 of SEQ ID NO:339 (CDR-L3);
35 residues 31-37 of SEQ ID NO:340 (CDR-H1); residues 52-67 of SEQ ID NO:340 (CDR-
H2); residues 100-110 of SEQ ID NO:340 (CDR-H3);
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E9-2B 99.0 98.9 E9-1F 98.6 98.5 Evaluation of Stability at El evated
Tenperatures (Accelerated Stability). Stability at el evated

t enrper at weowieseval uated for E9, E9-19, E9-71, E9-2B, pamdSER0NF08@Np| es
at 1 ng/m . Table 29 shows the results of SEC analysis of sanples at tine
zero and after 107 and 21 days at 40C and 50C. The degradation kinetics for
all of the antibodies revealed an approximately 8% reducti on i n nononer

percent age aft eresRihesdd¥s oPEHS IDNRAGL S DR 1RGHGRNEAYS 5 of SKh i ed et (cHRECT €S
gquantitated by SEC for %gltglﬁﬂIDLL4 clones at tine zero and after incubation

for 7 and 21 day€)&FUY D NEHAFBE Tiére formul ated at 1 mg/mi.)
Ant i body % nononaiduat3 317 0ESELRINONOB4200DRet 1 ) atsidiedRyS oASE@ 0N HD@mRer at 7

0 0
davs oL 50 % THERTEL, 2 ptagh OG Igeneper oL 21 deyo ol S0C £9 08,2
95.0 91.0 E9- 2B r68iug 2083 6f TR B 87343 (OPRA. 1Egeskimesgig-56 of SEQ ID NO:343 (CDR-
L2); residues 88-96 of SEQ ID NO:343 (CDR-L3);
residues 31-37 of SEQ ID NO:344 (CDR-H1); residues 52-67 of SEQ ID NO:344 (CDR-
H2); residues 100-110 of SEQ ID NO:344 (CDR-H3);
residues 24-34 of SEQ ID NO:345 (CDR-L1); residues 50-56 of SEQ ID NO:345 (CDR-
10 L2); residues 89-97 of SEQ ID NO:345 (CDR-L3);
residues 31-37 of SEQ ID NO:346 (CDR-H1); residues 52-67 of SEQ ID NO:346 (CDR-
H2); residues 100-110 of SEQ ID NO:346 (CDR-H3);
residues 23-33 of SEQ ID NO:347 (CDR-L1); residues 49-55 of SEQ ID NO:347 (CDR-
L2); residues 88-96 of SEQ ID NO:347 (CDR-L3);
15 residues 31-37 of SEQ ID NO:348 (CDR-H1); residues 52-67 of SEQ ID NO:348 (CDR-
H2); residues 100-110 of SEQ ID NO:348 (CDR-H3);
residues 24-34 of SEQ ID NO:349 (CDR-L1); residues 50-56 of SEQ ID NO:349 (CDR-
L2); residues 89-97 of SEQ ID NO:349 (CDR-L3);
residues 31-37 of SEQ ID NO:350 (CDR-H1); residues 52-67 of SEQ ID NO:350 (CDR-
20 H2); residues 100-110 of SEQ ID NO:350 (CDR-H3);
residues 24-34 of SEQ ID NO:351 (CDR-L1); residues 50-56 of SEQ ID NO:351 (CDR-
L2); residues 89-97 of SEQ ID NO:351 (CDR-L3);
residues 31-37 of SEQ ID NO:352 (CDR-H1); residues 52-67 of SEQ ID NO:352 (CDR-
H2); residues 100-110 of SEQ ID NO:352 (CDR-H3);
25 residues 24-34 of SEQ ID NO:353 (CDR-L1); residues 50-56 of SEQ ID NO:353 (CDR-
L2); residues 89-97 of SEQ ID NO:353 (CDR-L3);
residues 31-37 of SEQ ID NO:354 (CDR-H1); residues 52-67 of SEQ ID NO:354 (CDR-
H2); residues 100-110 of SEQ ID NO:354 (CDR-H3);
residues 24-34 of SEQ ID NO:355 (CDR-L1); residues 50-56 of SEQ ID NO:355 (CDR-
30 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 100-110 of SEQ ID NO:356 (CDR-H3);
residues 23-33 of SEQ ID NO:357 (CDR-L1); residues 49-55 of SEQ ID NO:357 (CDR-
L2); residues 88-96 of SEQ ID NO:357 (CDR-L3);
35 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-H3);
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98.2 96.5 96.8 91.9 Anti body % aggregate at tine zero % aggregate at
7 days at 40C % aggregate at 7 days at 50C % aggregate at 21 days at 40C %
aggr egat evatzoPin2awys at 50C E9 0.3 0.3 0.3 0.5 0.6 E9-12CO/U320084006t 0. 7
1.4 E9-71 2.4 2.3 1.8 2.9 2.8 E9-2B 0.5 0.4 0.5 0.9 1.7 E9-1F 0.3 0.3 0.3

residues 23-33 of SEQ ID NO:359 (CDR-L1); residues 49-55 of SEQ ID NO:359 (CDR-
L2); 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 (CDR-
H2); residues 100-110 of SEQ ID NO:360 (CDR-H3);

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

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

3 CDRs.

10

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

variable domain CDR set selected from the group consisting of:
VH E9 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:1

15 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 ID NO:111
CDR-L2: residues 49-55 of SEQ ID NO:111

20 CDR-L3: residues 88-96 of SEQ ID NO:111
VH E9.4 CDR Set
CDR-HI: SEQIDNO:117
CDR-H2: SEQ ID NO:118
CDR-H3: SEQ ID NO:119

25 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

30 CDR-HI: SEQ ID NO:121
CDR-H2: SEQ ID NO:122
CDR-H3: SEQ ID NO:123
VL E9.11 CDR Set
CDR-LI: SEQ ID NO:233

35 CDR-L2: SEQ ID NO:234
CDR-L3: SEQ ID NO:235

145



0.6 1.6 Anti body % fragnent at time zero % fragnent at 7 days at 40C
% fragnent at 7 days at 50C % fragnent at 21 days at 40C % fragnent at 21
days at S59C2BQ/0Q5®41.2 12.9 8.7 11.3 E9-19 0.4 1.0 2.8 PCI/B20n0m9708d 0. 7
1.3 2.8 2.16.2 E9-2B 0.6 1.0

VH E9.14 CDR Set

CDR-HI1: SEQ ID NO:125
CDR-H2: SEQ ID NO:126
CDR-H3: SEQ ID NO:127
5 VL E9.14 CDR Set
CDR-LI: SEQ ID NO:237
CDR-L2: SEQ ID NO:238
CDR-L3: SEQ ID NO:239
VH E9.17 CDR Set
10 CDR-HI1: 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
15 CDR-L2: SEQ ID NO:242
CDR-L3: SEQ ID NO:243
VH E9.18 CDR Set
CDR-HI: SEQ ID NO:133
CDR-H2: SEQ ID NO:134
20 CDR-H3: SEQ ID NO:135
VL E9.18 CDR Set
CDR-L1: SEQ ID NO:245
CDR-L2: SEQ ID NO:246
CDR-L3: SEQ ID NO:247
25 VH E9.19 CDR Set
CDR-HI: SEQ ID NO:137
CDR-H2: SEQ ID NO:138
CDR-H3: SEQ ID NO:139
VL E9.19 CDR Set
30 CDR-LI: SEQ ID NO:249
CDR-L2: SEQ ID NO:250
CDR-L3: SEQ ID NO:251
VH E9.22 CDR Set
CDR-HI1: SEQ ID NO:141
35 CDR-H2: SEQ ID NO:142
CDR-H3: SEQ ID NO:143
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2.52.05.9 E9-1F 1.1 1.5 3.2 2.5 6.5 Exanple 9: Rodent PK Assessnent of
Anti-DLL4 Anti bodi es. To assess pharnacoki netics properties of

anti - DLLAvenvilhotiees, SCl D-Beige mice (n = 3 per anti bo@gx/usee1e/047006

adm nistered a single intraperitoneal (IP) dose of antibody at either 5 or
30 ngy/ kg concentration, depending on cross-reactivity of antibody to nurine
DLL4. Longitudi nal 5serum sanples (5 tl of whole blood diluted 1:50 in

HBS- EP+ buffer paredierp@int) were collected fromeach ani mal over 21
days. Serum concentrationg_were get erm ned using a DLL4- specific Biacore
platform Brief ICSP,R'In]urran QWP RB<>1 mobi lized to a sensorchi p and sanpl es
were injected owdR-the flsmgEINOas45 | A per mnute for 5 mnutes wth the
resul ti ng bindi evel s d.and conpared to standards. Serum
concentration tlrt?r)eIJ %r{ofi I%@%@%@ed to estimate 10t he pharmacoki netic

par anet ers of CVHBRHCIRBEYmM concentration), CL (clearance), and t112
(antibody hal f |ddrepi: sung@sized:. ik Table 30. For both E9 and A10 PRCfusion
anti bodi es, their pharmacoki netics properties were inproved through

CDR- engi neer i ng ‘®rftfg t ntFPIOERL of affinity maturation. Table 30.

Phar macoki net i c qua-aREet er SE@ID@0i47 DLL4 anti bodi es in SClI D-bei ge m ce.

Ant i body Dose (ng/ t(i .ig/nm) CL (nb/In/kg) t112 (d) E9 30 201 3.10
1.3 E9-10C 30 1 : 2 E9- 10E 30 263 0.97 3.8 E9-10H 30 235
10 CDR-LI: SEQ ID NO:257
CDR-L2: SEQ ID NO:258
CDR-L3: SEQ ID NO:259
VH E9.65 CDR Set
CDR-HI: SEQ ID NO:149
15 CDR-H2: SEQ ID NO:150
CDR-H3: SEQ ID NO:151
VL E9.65 CDR Set
CDR-LI: SEQ ID NO:261
CDR-L2: SEQ ID NO:262
20 CDR-L3: SEQ ID NO:263
VH E9.66 CDR Set
CDR-HI: SEQ ID NO:153
CDR-H2: SEQ ID NO:154
CDR-H3: SEQ ID NO:155
25 VL E9.66 CDR Set
CDR-LI: SEQ ID NO:265
CDR-L2: SEQ ID NO:266
CDR-L3: SEQ ID NO:267
VH E9.71 CDR Set
30 CDR-HI: SEQ ID NO:157
CDR-H2: SEQ ID NO:158
CDR-H3: SEQ ID NO:159
VL E9.71 CDR Set
CDR-LI: SEQ ID NO:269
35 CDR-L2: SEQ ID NO:270
CDR-L3: SEQ ID NO:271
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1.49 3.1 E9-12B 30 146 1.32 3.8 E9-19 30 179 1.08 4.4 E9-1F 30 269 0.89 4.2
E9-2B 30 165 0.65 5.5 E9-5E 30 234 0.95 3.0 E9-66 30 114 2.90 1.9 E9-71 30
102 1.10 wo20E6%23%¢L) 30 145 0.83 4.1 E9-71(M 30 PCT/US2010/047006

VH E9.13 CDR Set

CDR-HI: SEQ ID NO:161
CDR-H2: SEQ ID NO:162
CDR-H3: SEQ ID NO:163
5 VL E9.13 CDR Set
CDR-LI: SEQ ID NO:217
CDR-L2: SEQ ID NO:218
CDR-L3: SEQ ID NO:219
VH E9.16 CDR Set
10 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
15 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: SEQ ID NO:170
20 CDR-H3: SEQ ID NO:171
VL E9.38 CDR Set
CDR-LI: SEQ ID NO:225
CDR-L2: SEQ ID NO:226
CDR-L3: SEQ ID NO:227
25 VH E9.2B CDR Set
CDR-HI: SEQ ID NO:173
CDR-H2: SEQ ID NO:174
CDR-H3: SEQ ID NO:175
VL E9.2B CDR Set
30 CDR-LI: SEQ ID NO:273
CDR-L2: SEQ ID NO:274
CDR-L3: SEQ ID NO:275
VH E9.1F CDR Set
CDR-HI: SEQ ID NO:177
35 CDR-H2: SEQ ID NO:178
CDR-H3: SEQ ID NO:179
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113 1.07 4.3 E9-7E 30 130 1.23 5.8 Al10 5 10.5 5.80 3.1 A10.K30 5 15.6
0.69 17.7 A10.K42 5 12.5 0.93 13.8 A10.L45 5 18.6 0.65 13.4 15 Exanple 10:
Ant i - DLLAWOnvilaaae4 Tr eat ment | ncreased Endot hel i al Cel | PEprusaaiiofgoné vitro
Fi brin gel beads sprouting assay was carried out to exanmine the in vitro
angi ogenesi s activity of HUVEC (passage 2-3, Lonza) as described (Nakatsu
et al., Nicrovasc. Res., 66: 102- 112 (2003)). Briefly, fibrinogen

sol ution was reocgnsfirtaestw th aprotinin (4 Unm) and thronmbin 5(50 Umn).
Cyt odex 3 beads (Aner sham, Phar ia Biotech) were coated with 350 to 400
HUVECs per bead Orbver n?Fgc?ﬂD.N Ut 20 HUVEC coated beads were i nbedded in
the fibrin clot gnR-Lanel | sHQ@W62Wel | tissue culture plate. Conditioned
medi um deri ved fr@m nor H8H. k4 brobl asts (NHLF, Lonza) at 80%

confl uence was Slg?ié% oﬁ%‘% of tzaée gel. DLL4 anti body and control antibody
KLH at 1% pg/ ml MEERLIGEJJIMRSént o the wel|. At day 10 and 12, inmages were 10
taken with inverddum cr oggependigh Ni kon CCD canera. DLL4 inhibition with
E9 and Al10 anti boqé/s results in enhancenent of endothelial cell sprouting
invitro (data ¥ Ehown) SEEENBI®? 11: DLL4 Antibody Treatnment | nhibited

Tunmor G- owt h i n CDR/B3: SEQ ihweoeff ect of anti-DLL4 anti bodi es on tunor
growm h was eval yat oA SHogut aneous Cal u-6 xenograft tunors inplanted in
SCl D- Bei ge mi ce. : X 106 cells were inocul ated 15subcutaneously into

the right hind fdldnRkl:of fEHARIENSSYD- Bei ge mice. Tunors were allowed to
establish for 14pk8days, s@y yibglp poi nt tunmor vol une was determ ned using
el ectronic caliper neasurenents. Tunor size was cal cul ated using the
fornula: L x W/ PRuce wFRIDNPGEAt ed into treatnent groups (n=10 per
group) so that eachy.soboKEetof ani mal s had equi val ent mean tunor vol une
prior to initiat]i f th typically between 180 and 250 mmB) Ani nmal s
wer e then 20dosechq{]ﬁf‘r apeﬁ%@éﬁ%@ twce a week for two weeks (total of 4
doses) With antiGIB:HZ ant $HU) ¥Q:186

CDR-H3: SEQ ID NO:187
VL E9.5E CDR Set
CDR-L1: SEQ ID NO:293
CDR-L2: SEQ ID NO:294
20 CDR-L3: SEQ ID NO:295
VH E9.10C CDR Set
CDR-HI1: SEQ ID NO:189
CDR-H2: SEQ ID NO:190
CDR-H3: SEQ ID NO:191
25 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
30 CDR-HI: 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
35 CDR-L2: SEQ ID NO:290
CDR-L3: SEQ ID NO:291
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Tunmor vol une was neasured on average twice a week for the duration of the
experinent until the nmean tunor volunme in each group reached an endpoi nt
of ? 2, 000OwWonB11Reswsht s are shown in Table 31. For E9 seriP€3/uskoipBEOf006i on
anti bodi es, those with inproved pharnacokinetics (as shown in Exanple 9)
tend to have stronger anti-tunor activity in vivo. 25 WO

2011/ 025964PCT/ US2010/ 047006 Table 31. Efficacy of anti-DLL4 antibodies in
t he Cal u-6 humanmpnrsadbd sgel | | ung cancer xenograft nodel. Treatnent Dose
Route, Reginen %/ C a LSb E9 10 ng/ kg I P, 2X/ week X2 43** 52** E9-10C 10
mg/ kg 1P, 2)C wdlfHo 26*§E%IPNO'E%7- 2B 10 ng/ kg | P, 2X/ week X2 28** 76**
E9- 10E 10 ngy/ kg dOR-HZ) C/ welegkIDRO3® * 70** E9-19 10 ny/ kg I P, 2X/ week X2
31** 64** E9-5E / kg ek X2 30** 57** E9-71 10 ng/ kg | P,

2) G week X2 34**&32%@ EQ%%JI%T)J% g IP, 2X/week X2 34** 57** E9-12B 10
nmg/ kg 1P, 2) C/ weBkEN2B CDR Set

CDR-LI: SEQ ID NO:297
CDR-L2: SEQ ID NO:298
CDR-L3: SEQ ID NO:299
VH E9.10E CDR Set
10 CDR-HI1: 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 ID NO:207
VL E9.6A CDR Set
CDR-LI: SEQ ID NO:305
CDR-L2: SEQ ID NO:306
CDR-L3: SEQ ID NO:307
25 VH E9.7A CDR Set
CDR-HI: SEQ ID NO:209
CDR-H2: SEQ ID NO:210
CDR-H3: SEQ ID NO:211
VL E9.7A CDR Set
30 CDR-LI: SEQ ID NO:309
CDR-L2: SEQ ID NO:310
CDR-L3: SEQ ID NO:311
VH E9.8H CDR Set
CDR-HI1: SEQ ID NO:213
35 CDR-H2: SEQ ID NO:214
CDR-H3: SEQ ID NO:215
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38** 52** EQ-7E 10 ng/ kg | P, 2)C/ week X2 38** 44** E9-1 OH 10 ny/ kg | P,

2) G week X2 41** 52** E9-66 10 nmg/ kg I P, 2X/ week X2 43** 32* a. W/ C =
mean t unowowolwneoeef treatnent group/ tunor vol une of tPEXtUSROM/0¢NG I Ol
group x 100. P values (as indicated by asterisks) are derived from
Student's T test 5conparison of treatnment group vs. treatnment control
group. Based on day 25/26/27 neasurenents. b. UWLS = (T - ¢/ C x 100,
where T = medi an/t kg ¢Or €Adpoi nt of treatnment group and C = nedian tine to
endpoi nt of treatnent congrol ar . P values (as indicated by asterisks)
derived from KagD%L]NEl eréﬁ%ﬂmggﬁtfcorrpari son of treatnent group vs.
10t r eat nent contGHHLgroupSEmIeﬂsm an endpoint of 2000 nm8 * p < 0.05; **
p < 0.01 The cont of references (including literature

ref erences, patents 3Spat g%dﬂﬁ%%gsappl i cations, and websites) that nmaybe
cited trﬁoughout_H_Eﬂs_a&ﬁm cation are hereby expressly 15i ncorporated by

reference in theigrgnti relteMdeepgl S sPYipReR3z4as are the references cited
t herei n. Equival ents nvention 3\éébe enbodi ed in other specific

forms without dép¥rfing fliﬁ%}?ﬁef %675"6§F911DBIP sential characteristics

thereof The foreg®-nyg enbediwents 1asesEdi®Nede34e to be considered in 20all
respects illust rﬁ ﬁr C]BIQtSQer than limting of the invention described
herei n. Scope o tion is thus indicated by the appended cl ai ns
rat her than by tdR-Ebr egoicsidped@sBraf FEQROANOaE al | changes that cone within
the nmeani ng and dige of eauj.va. gqg}gngIDNl@%gl ainms are therefore intended
to be enbraced herein. Wat iIs A binding protein conprising
an antigen bi ndidfHomai neddsati- ¥ GPEBIANORYS hunan DLL4, said anti gen

bi ndi ng domai n canpy-ssi @R 8t | east one or nore CDRs sel ected fromthe group
consi sting of: 1: 3= (SEQ ID NGO 99) , wherein; X1
is Sor N X2is E ref\fluesé %%ﬁﬁﬁ%?)% or R X4 is Y; 10X5 is Y or
H X6 i&8 W and COR-H3 G CDRHZ-6 DA SKQIXBOXE6- X5 X6 X7 X8 X9 Xi 0X11 X12

X13 X14 X15 X16 {5EQ.I D N%i&gp)oolllg\/gpg@@m&@gl isD X2isl; X3isY, N

or S;
VL E9-SE1 CDR Set
CDR-LI: residues 23-33 of SEQ ID NO:337
CDR-L2: residues 49-55 of SEQ ID NO:337
20 CDR-L3: residues 88-96 of SEQ ID NO:337
VH E9-SE2 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:338
CDR-H2: residues 52-67 of SEQ ID NO:338
CDR-H3: residues 100-110 of SEQ ID NO:338
25 VL E9-SE2 CDR Set
CDR-LI: residues 23-33 of SEQ ID NO:339
CDR-L2: residues 49-55 of SEQ ID NO:339
CDR-L3: residues 88-96 of SEQ ID NO:339
VH E9-SE3 CDR Set
30 CDR-HI: residues 31-37 of SEQ ID NO:340
CDR-H2: residues 52-67 of SEQ ID NO:340
CDR-H3: residues 100-110 of SEQ ID NO:340
VL E9-SE3 CDR Set
CDR-LI: residues 23-33 of SEQ ID NO:341
35 CDR-L2: residues 49-55 of SEQ ID NO:341

CDR-L3: residues 88-96 of SEQ ID NO:341
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X4 isY, X5is T, N A I, S or R 20X6is G X7 is S, N T, or G X8 is
T, X9is Y, XI0is Y, 25 X11is N, X12 is P, x13is S; X1l4 is L; X15 is K;
and 30X16w0208/028864D, or G  CDR-H3: X1- X2- X3- X4- X5- X6- ReTXB20M0AXD06 X11
(SEQ ID NO 101) 35 wherein; X1 is E Y, F, Q W L, or AA X2 is D A S
G V, E, or N X3isV, ML, Pb or A Xd4isl, AP R S K Q V, G M
or EE X5is L, Y, F, or M WO 2011/ 025964 PCT/ US2010/ 047006 X6 is

R GS, Qor A X&sfi-splinr &tA orS, X9 isS AL V,Ror G 5 X110 is D;and

i s D SN K E R C LT Q il Y 5402 6t 05 365 e 20
CDR-H2: residues 52-67 of SEQ ID NO:342
CDR-H3: residues 100-110 of SEQ ID NO:342
5 VL E9-SE4 CDR Set
CDR-LI: 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 NO:343
VH E9-SE5 CDR Set
10 CDR-HI: residues 31-37 of SEQ ID NO:344
CDR-H2: residues 52-67 of SEQ ID NO:344
CDR-H3: residues 100-110 of SEQ ID NO:344
VL E9-SE5 CDR Set
CDR-LI: residues 24-34 of SEQ ID NO:345
15 CDR-L2: residues 50-56 of SEQ ID NO:345
CDR-L3: residues 89-97 of SEQ ID NO:345
VH E9-SE6 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:346
CDR-H2: residues 52-67 of SEQ ID NO:346
20 CDR-H3: residues 100-110 of SEQ ID NO:346
VL E9-SE6 CDR Set
CDR-LI: residues 23-33 of SEQ ID NO:347
CDR-L2: residues 49-55 of SEQ ID NO:347
CDR-L3: residues 88-96 of SEQ ID NO:347
25 VH E9-SE7 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:348
CDR-H2: residues 52-67 of SEQ ID NO:348
CDR-H3: residues 100-110 of SEQ ID NO:348
VL E9-SE7 CDR Set
30 CDR-LI: residues 24-34 of SEQ ID NO:349
CDR-L2: residues 50-56 of SEQ ID NO:349
CDR-L3: residues 89-97 of SEQ ID NO:349
VH E9-SE8 CDR Set
CDR-HI: residues 31-37 of SEQ ID NO:350
35 CDR-H2: residues 52-67 of SEQ ID NO:350
CDR-H3: residues 100-110 of SEQ ID NO:350
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X2is G
is Dor E

X3isS, L, T,

10

15

20

25

30

35

X3 is QE, or
X8is K

A E or F, 25

D,

X4i sR, S, G MK, L,orT,; X5 isL; 15 X6 isG

X9 is Y; X10 is A or V;and 20
X1- X2- X3-WO-2KB/0¢696X7( SEQ | D NO 103), wher ei n;

VL E9-SE8 CDR Set

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

residues 24-34 of SEQ ID NO:351
residues 50-56 of SEQ ID NO:351
residues 89-97 of SEQ ID NO:351

VH E9-FR1 CDR Set

CDR-H1:
CDR-H2:
CDR-H3:

residues 31-37 of SEQ ID NO:352
residues 52-67 of SEQ ID NO:352
residues 100-110 of SEQ ID NO:352

VL E9-FR1 CDR Set

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

residues 24-34 of SEQ ID NO:353
residues 50-56 of SEQ ID NO:353
residues 89-97 of SEQ ID NO:353

VH E9-FR2 CDR Set

CDR-H1:
CDR-H2:
CDR-H3:

residues 31-37 of SEQ ID NO:354
residues 52-67 of SEQ ID NO:354
residues 100-110 of SEQ ID NO:354

VL E9-FR2 CDR Set

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

residues 24-34 of SEQ ID NO:355
residues 50-56 of SEQ ID NO:355
residues 89-97 of SEQ ID NO:355

VH E9.71 CDR Set

CDR-H1:
CDR-H2:
CDR-H3:

residues 31-37 of SEQ ID NO:356
residues 52-67 of SEQ ID NO:356
residues 100-110 of SEQ ID NO:356

VL E9.71 CDR Set

CDR-LI: residues 23-33 of SEQ ID NO:357
CDR-L2: residues 49-55 of SEQ ID NO:357
CDR-L3: residues 88-96 of SEQ ID NO:357
VH E9.71(M) CDR Set

CDR-HI: residues 31-37 of SEQ ID NO: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:
CDR-L2:
CDR-L3:

residues 23-33 of SEQ ID NO:359
residues 49-55 of SEQ ID NO:359
residues 88-96 of SEQ ID NO:359
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X4isK, T,E,N, Q S,or M X5 is R X6 is P,and and X7isS;, 30 CDR-L3: X1 X2
X3 X4 X5 X6 X7 X8 X9(SEQ I D NG 104), wher ei n; Xlis Q >K2i sA; X3 is W
X4i sD; 35w0oxB11iesR+S, M E, N, G or K; X6 is D or E X7PETISN 1808006 M X8
is G A or C and x9 is V. 2. The binding protein according to claim1,
wherein said at | east one CDR conprises an 5am no acid sequence sel ected
fromthe group consisting of: residues 31-37 of SEQID NO 1 (CDR-H1);

resi dues 52-67 afg SEQIHRD¥ZL (CDR-H2); residues 100-110 of SEQID NO 1
(CDR-H3); residues 23 33 0 EQ ID.NO 111 (CDR-L1); residues 49-55 of SEQ
ID NO 111 (CDR- LR HFesi d]iﬁ%%“e%g @76’f§FQ§%5OI(3I50NO 111 (CDR-L3); 10SEQ ID NO
117 (CDR-Hl); SEQR-B2:NO: 1t8deChRHZBEQBEQOIIBONO 119 (CDR-H3); SEQ I D NG 121

(CDR-H1); SEQ | 22 (GRR-H2Y: 123 (CDR-H3); SEQ ID NO 125

( CDR- H1) ; SEQ | Shgi5e (%E’ E@O 1@5‘8@8*@%@ (CDR-H3): SEQ ID NO 129

( CDR- H1)3 | IYLNES. 7180 CORORE H2) ; SEQ | D NO 131 (CDR-H3); SEQ ID NO 133
(CDR-H1) ; SEQ | RG34 (ChRReHR) 33 0'135 iPNNQ6135 (CDR-H3); 15 SEQ I D NO 137
(CDR-HL); SEQ D, NO 138 (CDR-Hp ID.NO 139 (CDR-H3); SEQ I D NO 141
(CDR-H1); SEQ I 6MNd-%42 (W%@%“ SEERPHNQF1 43 (CDR-H3); SEQ I D NO 145
(CDR-H1); SEQ | RONA#46 (CBReHR) 96 SED LIDNNA6147 (CDR- H3); SEQ | D NO: 149
(CDR-H1); SEQ ID NO 150 (CDR-H2); SEQ ID NO 151 (CDR-H3): SEQ ID NO 153
(CDR-H1); SEQ ID NO 154 (CDR-H2); SEQ ID NO 155 (CDR-H3); 20 SEQ I D NO 157
(CDR- H1)0 SEQ | DhNondis@prtepRechiZing @ 3ot (GDRoM8)ablegE@rn DDRO: 161
(CDR-H1); SEQ I QNO 162 (CDR H2); SEQ ID NO 163 (CDR H3); SEQ I D NO 165
(CDR-H1); SEQ ID NO 166 (CDR-H2); SEQ ID NO 167 (CDR-H3): SEQ I D NO 169
(CDR-H1); SEQ ID NO 170 (CDR-H2); SEQ ID NO 171 (CDR-H3); SEQ I D NO 173
(CDR-H1); SEQ | OnhbehdiddprétGRchid)ng toSfRQn Is DvilNinlsdf af IG/IIRwOI3riable 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 E9.4 CDR Set,
VH E9.11 CDR Set and VL E9.11 CDR Set,
VH E9.14 CDR Set and VL E9.14 CDR Set,
VH E9.17 CDR Set and VL E9.17 CDR Set,

20 VH E9.18 CDR Set and VL E9.18 CDR Set,
VH E9.19 CDR Set and VL E9.19 CDR Set,
VH E9.22 CDR Set and VL E9.22 CDR Set,
VH E9.48 CDR Set and VL E9.48 CDR Set,
VH E9.65 CDR Set and VL E9.65 CDR Set,

25 VH E9.66 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 E9.13 CDR Set,
VH E9.16 CDR Set and VL E9.16 CDR Set,
VH E9.38 CDR Set and VL E9.38 CDR Set,

30 VH E9.2B CDR Set and VL E9.2B CDR Set,
VH E9.1F CDR Set and VL E9.1F CDR Set,
VH E9.10H CDR Set and VL E9.10H CDR Set,
VH E9.5E CDR Set and VL E9.5E CDR Set,
VH E9.10C CDR Set and VL E9.10C CDR Set,

35 VH E9.7E CDR Set and VL E9.7E CDR Set,
VH E9.12B CDR Set and VL E9.12B CDR Set,
VH E9.10E CDR Set and VL E9.10E CDR Set,
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25 SEQ ID NGO 177 (CDR-H1);

SEQ I D NO 181 (CDR-H1);

SEQ I D NO 178 (CDR-H2) ;
SEQ I D NO 182 (CDR-H2) ;

SEQ I D NO 179 ( CDR- H3);
SEQ I D NO 183 (CDR-H3) ;

SEQ

ID NO. 18802CDR25); SEQ | D NO 186 (CDR-H2); SEQ | D NO PBT/USSDROKB)G SEQ | D
NO 189 (CDR-HL); SEQ ID NO 190 (CDR-H2); SEQ ID NO 191 (CDR-H3); SEQ ID

NO 193 (CDR-HL); SEQ I D NO 194 (CDR-H2); SEQ ID NO 195 (CDR-H3); 30 SEQ ID
NO 197 (CDR-HL): SEQ I D NO 198 (CDR-H2); SEQ I D NO 199 (CDR-H3): SEQ ID

NO 201 ( CDR- H1) V}S&A@)ﬂ@et&Q@VL%U%}{SeSEQ I D NG 203 (CDR-H3); SEQID

NO: 205 ( CDR- HL); SEQ | D NO 207 (CDR-H3); SEQ ID

NO: 209 ( CDR- H1);V %987 t?& Véébﬁz“ :SeSEQ | D NO 211 (CDR- H3): SEQ I D

NO 213 ( CDR- H1) ;VISEQH D)NGEt%ﬂleLBD&IHDRSeSEQ ID NO. 215 (CDR-H3); 35 SEQ ID
NO 217 (CDR-L1); L2} SEQ | D NO: 219 (CDR-L3); SEQ I D

NO: 221 ECDR ng V%#%%%%‘%%‘%@“%Q ID NO 223 ECDR L3§; SEQ I D

NO 225 (TCDR- L1) ;VESECSEASTNOS2 28! YICBRSEODR 8£Q | D NO: 227 (CDR-L3); SEQ ID
NG 229 (CDR-L1) V}%EQM&%&\G%@%DR% Q1D NO 231 (CDR-L3); SEQID

NO: 233 (CDR-L1); D _NO. 234 SEQIDNQZBS(CDR—LS); SEQ I D

NO 237 ( CDR-L1) V% TSR3 g Ic%‘hs% DR &G | D NO. 239 (CDR-L3): SEQ I D

NO. 241 (CDR- L1) :vSEQsETMNOs@ 421 YIODRSEL)DR SEQ | D NG 243 (CDR-L3): 5 SEQ ID
NQ 245 (CDR-L1);, Q I D NO 247 (CDR-L3): SEQ ID

NO. 249 (CDR-L1): *EE%“I%"%IN%S%% &‘%@D%%Q ID NO. 251 (CDR-L3): SEQ ID

NO 253 [(CDR- L1) ;VISEESETEINCS @5t YIOBRSEDODR SEQ | D NO. 255 (CDR-L3); SEQ I D

NO 257 ( CDR- L1) iviBRXtd s é&&%sﬁ@m%(? I D NO 259 (CDR-L3); SEQ ID

NO 261 (CDR-L1); [D NO, 262 Q ID NO 263 (CDR-L3); 10 SEQ ID
NO 265 ( CDR- L1) V%%W‘WW?G@%ICB?—?FEE&bR§§Q I D NO 267 (CDR-L3); SEQ ID

NO. 269 ECDR ng vﬁmmﬁmazwvmuamsm | D NO 271 ECDR L3g; SEQ I D

NO 273 (CDR- L1 SEQ I D NO 275 (CDR-L3); SEQ ID

NO 277 ( CDR- L1) VF@E‘% (B)‘ﬂg R%@S%EQ ID NO. 279 (CDR-L3); SEQ ID

NO 281 {DR- L1) ;VESERY (1) IOR 382nd ODRY.LZM) CBRGet, ®INO 283 (CDR-L3); 15 SEQ I D
NO: 285 ( CDR- L1) ;viSER '(%d}ﬁ geggld(%%@);cﬁggl D NO 287 (CDR-L3): SEQ ID

NO 289 (CDR-L1); SEQ I'D NO 290 (CDR-L2); SEQID NO 291 (CDR-L3); SEQ ID

NO 293 (CDR-L1): SEQ I D NO 294 (CDR-L2); SEQ ID NO 295 (CDR-L3): SEQ ID

NG 297 ( CDR: L1) ;ThnSER1ihDprdich 288 SRRmb 3dc of BEehe 105, N2 rGRBw bidhin SEQ | D

NO 301 (CDR-L1); SEQID NO 302 (CDR-L2); SEQ I D NO 303 (CDR-L3); 20SEQ ID
NO: 305 ( CDR- Ll) ac 8F3616N61‘306 (CDR-L2); SEQ ID NO 307 (CDR-L3); SEQID

NO 309 ZCDR-L1); SEQ ID NO 310 (CDR-L2); SEQ ID NO 311 (CDR-L3); SEQ ID

NG 313 ( L1) it resi dues
3T 37 of SE0 1 b NOr T PSR R R AR S " (oo i)
resi dues 100- 11Go6prisSEQMDORDY SYuen(CORE YoM Deerew] @uesn2d- 33 of SEQ ID

NO 335 (CDR- L1) jhed %ha%@epﬂ)gfran%{?voﬂifse Efded &2 N3S6HE£DR- L2); residues 88-96
of SEQIDNO33 CDRL3 resi dues_31-37 Q SEQIDNO336 (CDR-H1);

resi dues 52 -67 %VY%@WPN@@%%C%%IWPS 8% dues 100-110 of SEQ ID

NO: 336 £SCDR- H3) ;light chain acceptor seqi@8ésGEQIDR®S3IB-30fanEQ | D NO 337 (CDR-L1);

residues 49- 55 0 337 . residues 88-96 of SEQ ID

NO. 337 (CDR- L3) hgﬁtecg*}“g?fé?t"éieqé“}lcesfggg@é}ﬁ%%ﬁégsss (CDR-H1): residues 52 -67
of SEQ ID NO 338 (CDR-H2); residues 100-110 of SEQ ID NO 338 (CDR-H3);

resi dues 23533 ofy. ﬁ%%&otma&&%m%%nk]?)or LSS W8S 4RrhuRmn zQEe #EQ I' D NG 339
(CDR-L2); residues 88-96 of 39 (CDR-L3): . 35resi dues 31-37 of SEQ
| D NO 340 ( CDR- HffJRewqre sqppiass a‘E}?St B TopevSEGCFY Mencuy spefrionpherey Bgj dues
100- 1103®f SEQ lakind¥@kid 4ddudnCR1dIhainewdre Siatidg 56523 S8 cad fo tEQuiehd e N34 1
(CDR-L1); residyes 49- |2 es 88-9 EQ | D 4 L3);

resi dues 31-37 éfm%cﬁpé ?{@1 %?i@fﬂﬂiﬂqil?ga#eésstﬁgu@% @%&e“dgnwa tifes” 100- 110
of SEQ I D NO 342l gDRnlyptoSrageiveiies 23- 33 of SEQ I D NO 343 (CDR-L1);
residues 49- L2); residues 88-96 of SEQ ID NO 343 (CDR-L3); residues 31-37
of SEQ ID NO 344 (CDR-Hl); residues 52 H2); residues 100-110 of SEQ ID

NO: 344 ( CDRHB) ;Thf Riaipg atein accging fo SEms| iern saduipEIReeplp) franegikdues 50-
10L2); sg®sidues c&ﬁprﬁzs a@feaSSEQ flable Nk Bfon SIMRadiBgubstifish £d@sy Bddud ka@fkeySEQ | D
NO 346 ( CDR-H1) l‘dESI 3 é} resi duefs 100-110 of SEQ I'D NO 346
(CDR-H3); resi dﬁgéu'??'? °5's 8‘?“1 PP R 34 9" ( CDR- L1); residues 49- L2);

resi dues 88-96 of SEQresidudNDa3A7io@CDR; L3) ; 15r esi dues 31-37 of SEQ I D NO 348
(CDR-H1); residues 52 H2); residues 100-110 of SEQ ID NO 348 (CDR-H3);

resi dues 24-34 of SEQ I D NO 349 (CDR-L1¥; residues 50- L2); residues 89-97
of SEQ ID NO 349 (CDR-L3); residues 31-37 of SEQ ID NO 350 (CDR-H1);

resi dues 52 20H2); residues 100-110 of SEQ ID NGO 350 (CDR-H3); residues
24-34 of SEQ ID NO 351 (CDR-L1); residues 50- L2); residues 89-97 of SEQ ID
NO 351 (CDR-L3); residues 31-37 of SEQ ID NGO 352 (CDR-HLl); residues 52 H2);
resi dues 100 110 of SEQ I D N0352 (CDR H3) 25r esi dues 24- 34 of SEQ ID
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VH E9 CDR Set CDR-H1: residues 31-37 of SEQ ID NO 1 15CDR- H2:resi dues
52-67 of SEQ ID NO 1 CDR-H3residues 100-110 of SEQ ID NO 1 VL E9 CDR Set
CDR- L1: r e8D0Be#0228433 of SEQ I D NO 111 CDR-L2:residues #0TAB2a0/0880 | D

NO 111 20CDR-L3:residues 88-96 of SEQ ID NO 111 VH E9.4 CDR Set CDR-HL: SEQ
I D NO 117 CDR-H2: SEQ I D NGO 118 CDR-H3: SEQ I D NO 119 25VL E9.4 CDR Set
CDR-L1: SEQ I D NGO 229 CDR-L2: SEQ I D NO 230 CDR-L3: SEQ ID NGO 231 VH E9. 11 CDR
Set 30CDR-H1l: SEQ I D N%lyé&ﬂlat%éﬂ@éicﬁ&@ I D NO 122 CDR-H3: SEQ | D NO 123 VL

E9. 11 CDR Set CDR-L1: SEQ I.D NO 233 35CDR-L2: SEQ I D NO 234 CDR-L3: SEQ I D

NO 235 VH E9. 14 CDR*8&t"“TIR- H1: SEQ I D NO 125 CDR-H2: SEQ I D NO 126

CDR- H3: SEQ | D NO: 127 a pvilduck@pab#t oChiRraSetg wilbRuhdn IBE@ | D NO 237 CDR-L2: SEQ | D
NO 238 CDR-L3: SEQ | Da%ﬁ‘%%zr%'_l E9. 17 CDR Set 10CDR-H1: SEQ I D NO 129

CDR- H2: SEQ I D NO 130 - H3: "I D NO 131 VL E9.17 CDR Set CDR-L1:SEQ ID
NO 241 15CDR- L2: SEQ kPynig) rpddue 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 CDRI1 and a Kabat-defined first heavy chain framework.
10
11. The binding protein according to claim 10, 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, 63H, 67H, 69H, 71H, 73H, 76H, 78H, 91H, 93H, 94H,
2L, 4L, 25L, 29L, 27bL, 33L, 34L, 36L, 38L, 43L, 44L, 46L, 47L, 48L, 49L, 55L, 58L,
15 62L, 64L, 71L, 87L, 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 claim 1, where 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, 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,

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 comprises two

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

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

35 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 ID NOS:200 and 284, SEQ ID
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CDR- L3: SEQ I D NO 243 VH E9. 18 CDR Set CDR-H1: SEQ I D NO 133 CDR-H2: SEQ I D
NO 134 20CDR-H3: SEQ I D NO 135 VL E9.18 CDR Set CDR-L1: SEQ | D NGO 245

CDR- L2: SBgoRD1Ns®w46 CDR- L3: SEQ | D NGO 247 25VH E9. 19 CDRC®ars2@Die41ee SEQ | D
NO 137 CDR-H2: SEQ | D NO 138 CDR-H3: SEQ | D NO 139 VL E9.19 CDR Set

30CDR-L1: SEQ I D NO: 249 CDR-L2: SEQ I D NGO 250 CDR-L3: SEQ I D NG 251 VH E9. 22
CDR Set CDR-H1: SEQ | D NO 141 35CDR-H2: SEQ I D NO 142 CDR-H3: SEQ | D NO: 143

VL E9.22 CDR Setndds kdd ﬁE@E@DM@§§)§ a@‘ﬂs L@Qﬁﬁ@d@lb@a@ﬁé $eRpL3: SEQ I D
NO 255 5VH E9. 48 Set 146

OOR Fo: SEO | D NIt 26,918 BB M eAR IR P S B8R, L2: SEQ | D
NO 258 CDR- L3: SE@94:320 hifa 25 FFEHDEI HH2 GliRS4SeREFQUDRI 13486 14B) S‘f@ﬂ)ﬁlg

01,501 IR T8 1 D RS Sl L1 =0 ©
CDR- H1: SEQ | D NOIOS5H2 and 353, SEQ ID NOS:354 and 355, SEQ ID NOS:356 and 357, SEQ ID
NOS:358 and 359, SEQ ID NOS:360 and 361.

15. The binding protein according to claim 11, wherein said binding protein comprises at
least one variable domain having an amino acid sequence selected from the group
10 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, 341, 342, 343, 344, 345, 346, 347,
348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, and 361.
15
16. The binding protein according to claim 2 wherein said antigen binding domain comprises

a VH

17. The binding protein according to claim 16 wherein said Vy comprises an amino acid
20 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.

25 18. The binding protein according to claim 2 wherein said antigen binding domain comprises

a VL.

19. The binding protein according to claim 18 wherein said Vi comprises an amino acid
sequence selected from the group consisting of:
30 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.

20. The binding protein according to claim 2 wherein said antigen binding domain comprises

35 aVganda Vi.
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CDR- H2: SEQ | D NO 154 CDR-H3: SEQ I D NO 155 25VL E9. 66 CDR Set CDR-L1:SEQ ID
NG 265 CDR-L2: SEQ I D NO 266 CDR-L3: SEQ | D NO 267 VH E9. 71 CDR Set

30CDR- H1:w88Qoi11Dd2bou 157 CDR- H2: SEQ | D NO 158 CDR- H3: SEQ PDTNS21594Mh6 E9. 71
CDR Set CDR-L1:SEQ I D NGO 269 35CDR-L2: SEQ I D NO 270 CDR-L3: SEQ I D NG 271
VH E9. 13 CDR Set CDR-H1: SEQ | D NO 161 CDR-H2: SEQ | D NO 162 CDR-H3: SEQ | D
NO 163 5VL E9. 13 CDR Set CDR-L1: SEQ I D NGO 217 CDR-L2: SEQ I D NO 218

CDR- L3: SEQ 41D N@n2di8diM pr&din l&o@gt&%ml@% riclmppfefds b D Webrdi@ 9 R H2: SEQ | D
NOlGGCDRHBSE | D NO. 167 VI CDI%fSet L1 SEQ ID NG 221

15CDR- L2: SEQ I D .fﬁza“éﬁﬁoﬁ%* Ej“Fetﬁe]R@ D5 YRS SEPHSet CDR H1: SEQ | D
NO 169 CDR- H2: SEOQIIDNGG: 1170, 2OCDR: 18; ISEQ3 6, D4NDH4 748, \A2, 28, 38, I6DR6Set

CoR Set COR Hi S0 T N 75l 1 ke T 8RG 174 COR R e BN 175 WL

E9 2B COR Set 346, 348,350, 352, 354, 356, 358, and 360.

22. The binding protein according to claim 20 wherein said Vi, comprises an amino acid
sequence selected from the group consisting of:
SEQID NOS:111, 228, 232, 236, 240, 244, 248, 252,256, 260, 264, 268, 216, 220, 224,
10 272,276, 300, 292, 280, 288, 296, 284, 304, 308, 312, 335, 337, 339, 341, 343, 345, 347,
349, 351, 353, 355, 357, 359, and 361.

23. The binding protein according to claim 2, further comprising a heavy chain
immunoglobulin constant domain selected from the group consisting of: a human IgM
15 constant domain; a human IgG1 constant domain; a human IgG2 constant domain; a
human IgG3 constant domain; a human IgGG4 constant domain; a human IgE constant

domain and a human IgA constant domain.

24, The binding protein according to claim 23 wherein said heavy chain immunoglobulin
20 constant region domain is a human IgG1 constant domain.
25. The binding protein according to claim 24 wherein said human [gG1 constant domain

comprises amino acid sequence selected from the group consisting of SEQ ID NO:2 and
SEQ ID NO:3.
25
26. The binding protein according to claim 2, further comprising a light chain
immunoglobulin constant domain selected from the group consisting of: a human Ig

kappa constant domain and a human Ig lambda constant domain.

30 27. The binding protein according to claim 26 wherein said light chain immunoglobulin
constant region domain is a human Ig kappa constant domain comprising amino acid

sequence SEQ ID NO:4.
28. The binding protein according to claim 26 wherein said light chain immunoglobulin

35 constant region domain is a human Ig lambda constant domain comprising amino acid

sequence SEQ ID NO:5.
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30CDR-L1: SEQ I D NO 273 CDR-L2: SEQ I D NO 274 CDR-L3: SEQ I D NO 275 VH E9. 1F
CDR Set CDR-H1:SEQ ID NO 177 35CDR-H2: SEQ I D NO 178 CDR-H3: SEQ I D NO 179
VL E9. 1F WDR0B&R596EDR- L1: SEQ | D NGO 277 CDR-L2: SEQ | D NOPETR&ISEDROLBISEQ | D
NO 279 5VH E9. 10H CDR Set CDR-H1: SEQ I D NO 181 CDR-H2: SEQ I D NO: 182

CDR-H3: SEQ I D NO 183 VL E9. 10H CDR Set 10CDR-L1:SEQ I D NO 301 CDR-L2: SEQ I D
NG 302 CDR-L3: SEQ I D NO 303 VH E9. 5E CDR Set CDR-H1: SEQ I D NO 185

15CDR- H2: SEQ. | D 1iNGhid @Ry $eb¥in bR ora&td QaidQ Wi keindkid BRIMEp IR iSRected Rk 1 SEQ | D

NO 293 CDR-L2: SEQ | D NO 294 20CDR-L3: SEQ | D NO 295_VH E9. 10 Set
CDR-HL: SEQ I D N%1 WPW-SW:O%E@WWWﬁ“gﬁmé%?W She? WN&%@%@\VE E9. 10C
CDR Set CDR-L1: Skiad 4otithddy,28 hinfeidRnki BadpEQunkhiNDa 2 ®adyCRad18d 0Bl ahfidoO2 283 VH

NG 195 VL Fo. 7E B G 08 [E" SR TR Ra S8y B S e g i g '

CDR- L3: SEQ | D N@nthgdy, a diabody, a multispecific antibody, a bispecific antibody, and a dual specific

antibody.

30. The binding protein according to claim 29 wherein said binding protein is a human
antibody.
10
31. 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 ID NO:2 and SEQ ID NO:3;
an Ig constant light region having an amino acid sequence selected from the group
15 consisting of SEQ ID 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,
20 348, 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, 292, 280, 288, 296, 284, 304, 308, 312, 335, 337, 339, 341, 343, 345, 347,
25 349, 351, 353, 355, 357, 359, and 361.

32. The binding protein according to Claim 31, wherein the Ig constant light region is SEQ
ID NO:5.

30 33. The binding protein according to any one of Claims 1-32, wherein the binding protein is
capable of blocking DLL4 interaction with a Notch protein selected from the group

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

34. The binding protein according to Claim 33, wherein the binding protein is capable of

35 blocking DLL4 interaction with Notch-1 and Notch-4.
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VH E9. 12B CDR Set CDR-H1: SEQ I D NO 197 CDR-H2: SEQ I D NGO 198 CDR-H3: SEQ I D
NG 199 5VL E9. 12B CDR Set CDR-L1: SEQ I D NO 297 CDR-L2: SEQ | D NGO 298

CDR- L3: SBgoRD1Ns®99 VH E9. 10E CDR Set 10CDR- H1: SEQ | D ROTaB20100R:0b2: SEQ | D
NO 202 CDR-H3: SEQ | D NO 203 VL E9. 10E CDR Set CDR-L1:SEQ I D NO 285
15CDR-L2: SEQ | D NO 286 CDR-L3: SEQ | D NO 287 VH E9. 6A CDR Set CDR-Hl: SEQ I D
NG 205 CDR-H2: SEQ I D NO 206 20CDR-H3: SEQ | D NO 207 VL E9. 6A CDR Set

CDR-L1: SEQ 35D N@n3@adi blgac%&@m k) G308 G ek dRr thdbi diNGcAKle g6 VH E9. 7A
CDR Set CDIng S d%t LOI-H2 SEQ IDNéZ%%%%I—BS%%HDNOle VL

E9. 7A CDR Set 36’ ﬂ%\é@jﬁaﬁow%ﬁ%m L2: SEQ I D NO 310 CDR-L3: SEQ I D
NO 311 VH E9. 8H CDR Set CDR-HL: SEQ | D NO 213 35CDR- H2: SEQ | D NO 214

%R:?)Ti gsgg_ 65): S bgﬁlgdlﬁ%'r%tgg a%%ﬁgg)gc%?ﬁq &gg’%-géﬁ’l:ﬂ%%%dingp%%in%}gap%fL2: SEQ ID

blocking DLL4 interaction with Notch-4.

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

capable of modulating a biological function of DLLA4.

10 38. The binding protein according to any one of Claims 1-32, wherein said binding protein is

capable of neutralizing a DLLA4.

39. The neutralizing binding protein according to claim 38 wherein said DLL4 is selected
from the group consisting of: human DLL4, mouse DLL4, cynomolgus DLL4, and rat
15 DLLA4.

40. The neutralizing binding protein according to Claim 38 wherein said neutralizing binding

protein diminishes the ability of DLL4 to bind to its receptor.

20 41. The neutralizing binding protein according to claim 38 wherein said neutralizing binding

protein is capable of reducing normal angiogenesis.

42. The neutralizing binding protein according to claim 38, wherein said neutralizing binding
protein has a dissociation constant (Kp) selected from the group consisting of: at most
25 about 107 M; at most about 10™® M; at most about 10 M; at most about 10™° M; at most
about 107" M; at most about 107> M; and at most 107° M.

43. The neutralizing binding protein according to claim 38, wherein said neutralizing binding

protein has an on rate selected from the group consisting of: at least about 10°M's; at

30 least about 10°M's™"; at least about 10*M's™"; at least about 10°M's"; and at least about
10°Ms!
44. The neutralizing binding protein according to claim 38, wherein said neutralizing binding

protein has an off rate selected from the group consisting of: at most about 107s™; at most

35 about 107" at most about 107s™"; and at most about 107%™,
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CDR- Hl1: resi dues 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 E9.1 CDR Set

10CDR- L1:we=0duesis23- 33 of SEQ I D NO 335 CDR-L2:resi due®C#95S3&H008708€Q | D
NO 335 CDR-L3:residues 88-96 of SEQ ID NO 335 VH E9- SE1 CDR Set

CDR- Hl1: resi dues 31-37 of SEQ ID NO 336 15CDR-H2:residues 52-67 of SEQ ID
NO 336 CDR-H3:residues 100-110 of SEQ ID NGO 336 VL E9- SE1 CDR Set

CDR- L1: resigues 23se23 bglhmég@e nfeo&@s&%;bgﬂﬁg bdiclnes US4 aimd19f, SEQ I D

NO 337 20CDR-L3:resjdu
CDR- H1: r esi dues

8-96 of S
E%j’rf)tﬁjn

NO, 337 VH E9- 5E2 CDR Set

ife%‘“?alggm e 45 pug efles 52-67 of SEQ ID

NGO 338 CDR-H3:residues 100-110 of SEQ I D NO 338 25VL E9-5E2 CDR Set
CDR- L1: resi gues T%g.l g'e?fedoo

S I T

30CDR- H13 r esi dueoug sangiftingfofl SEE0RIDL ROeBY0e, Efferpipent bBil.deginGoengigbehfa SEQ | D
NO 340 CDR- H3: 1 @ginfiRScedQfbell 1 Bhaferi IRE, ki) fNn340 VL E9- 5E3 CDR Set
CDR-L1:residues 23-33 of SEQ I D NO 341 35CDR-L2:residues 49-55 of SEQ ID
NGO 341 CDR-L3:residues 88-96 of SEQ ID NO 341 VH E9- SE4 CDR Set
CDR- H1: residue sThadhbdell tiddin@ptelildf NaIn3462 whiddfs 21 16 sis d thdiosbd 2el@ed @bmSEQ | D

NO 339 CDR-

NG 342 CDR-H3:r

] i due 5100 1106, 0f Q NGx 342 BNL7E9-F4 Set
CDR- L1: residue (S%%Sgr%@ OFigE IIE) ﬁog é”é)Bh 15’ ré3|\{duE % 0 m'SEQ | D
NO 343 CDR-L3:residue s 88- 96 of SEQ I D NGO 343 VH E9-5E5 CDR Set

15

20

25

30

35

48.

49.

50.

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

further comprising a linker polypeptide or an immunoglobulin 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 disulfide linked Fv,

a scFv,

a single domain antibody,
a diabody,

a multispecific antibody,
a dual specific antibody, and

a bispecific antibody.

The 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 constant domain,

a human IgG2 constant domain,

a human IgG3 constant domain,
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10CDR-Hl:residue s 31-37 of SEQ I D NO 344 CDR-H2:residue s 52-67 of SEQ ID
NO 344 CDR-H3:residue s100-110 of SEQ ID NO 344 VL E9-5E5 CDR Set

CDR- L1: r esodor/@584- 34 of SEQ | D NO 345 15CDR-L2: resi du@C3/us001884mhH6 SEQ | D
NO 345 CDR-L3:residue s 89-97 of SEQ ID NO 345 VH E9-5E6 CDR Set
CDR-Hl:residue s 31-37 of SEQ ID NO 346 CDR-H2:residue s 52-67 of SEQ ID
NO 346 20CDR- H3: residue s100-110 of SEQ I D NO 346 VL E9-5E6 CDR Set
CDR-L1:residue s23-33 of SEQahRANR4A RBnL2: resi due s49-55 of SEQ ID

NO 347 CDR-L3:residue s 88-96 of SE%Ing NO 347 25VH E9- 5E7 CDR Set

CDR- H1: resi due s 31-37 of? BEE {85 RRYBUEEBR- H2: r esi due s 52-67 of SEQ ID
NO 348 CDR- H3: resi due s100mib0Igf coblEQ dddaNO; 348 VL E9- 5E7 CDR Set

30CDR-L1:residue s 24-34 of I 49 - |2 ' 50-56. of SEQ I D
NO. 349 CDR-L3:residue s 8 -dé?g%%“gﬁg%‘%l%%?@weég@%%%ﬁ%gé%i%g

CDR- H1: resi due s 31-37 of biSH@ sirgpgNy B6Go3HERRM4R.: eggihyuwcoptosorgidof SEQ | D
NO 350 CDR-H3:residue s100-110 of SEQ ID NGO 350 VL E9- SE8 CDR Set
CDR-L1:residues 24-34 of SEQ ID NO 351 CDR-L2:residues 50-56 of SEQ ID

NO: 351 CDR-1!3: r &4F tfirBalygonsgyct gicordimeyo) iy SEPTEBRAEGIRHEASIQERR dgatiant

CDR- H1: r esi dues d3ihaid Ravirdg albhinb RidNQubi2 sERRdHEmr esdisdhns: S2Q GYNof2, 8K | D

NO. 352 CDR- H3: r esi. du 110 1D NO 352 VL E9.FRL CDR Set

10CDR- L1: r esi dugéIg%’%ﬁ&gl?NééQsﬁ?@%.@fS?déﬁﬁ@ a%‘:"?sg%"ire&fjes 50-56 of SEQ I D
NO 353 ODR L3: resi dues 89-97 of SEQ I D NO 353 VH E9- FR2 CDR Set

CDR- HL: r esi gues gﬁ%ﬁ%d@@onjﬁ%& éo@lph@éﬁ%nt%%%ﬁéﬂ%étragéés%@@in%@a’nﬁZ8,Of SEQ I D
NO 354 CDR- H3:residues 100-110 of QID 1 354

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

53. The antibody conjugate of Claim 52, wherein said therapeutic or cytotoxic agent is
15 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.

54. An isolated nucleic acid encoding a polypeptide selected from the group consisting of: a
20 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 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-L2, or a CDR-L3 as

described in Claim 1; or a combination of both polypeptides.

25
55. A vector comprising an isolated nucleic acid according to Claim 54.
56. The vector of Claim 55 wherein said vector is selected from the group consisting of:
pecDNA, pTT, pTT3, pEFBOS, pBV, pJV, pHybE and pBJ.
30
57. A host cell comprising a vector according to any one of Claims 55 and 56.
58. The host cell according to claim 57, wherein said host cell is a prokaryotic cell.
35  59. The host cell according to claim 58, wherein said host cell is Escherichia coli.
60. The host cell according to claim 59, wherein said host cell is a eukaryotic cell.
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VL E9-FR2 CDR Set CDR-L1l:residues 24-34 of SEQ ID NGO 355 CDR-L2:residues
50-56 of SEQ I D NO 355 20CDR-L3:residues 89-97 of SEQ I D NO 355 VH E9. 71
CDR Set CbBR-2bilymesitdues 31-37 of SEQ | D NO 356 CDR- H2: r @siTaises1052706¢4 of SEQ
| D NO 356 CDR-H3:residues 100-110 of SEQ ID NG 356 25VL E9.71 CDR Set

CDR- L1:residues 23-33 of SEQ ID NO 357 CDR-L2:residues 49-55 of SEQ ID

NO 357 CDR-L3:residues 88-96 of SEQ ID NO 357 VH E9. 71(M CDR Set

30CDR- H1: resi dues 31-37 of SEQ I D NO 358 CDR-H2: resi dues 52-67 of SEQ ID

NO 358 CDR-H3:residues 100-110 of SEQ.|ID NQ 358 VL Set

CDR- L1: resiYues ™ %%g og5eey peceiere 4y ?%6%%“%@%?26 éry?té@§ﬁiﬁéée°%'§ fiem U5t SEQ 1 D
NO 359 CDR- L3: r esiudu@sistBg-006 pofist SEQed DitNOr 358 planvbt1iEhd 2 Efrlg)! cEDR Set

CDR- H1: 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 5VL E9. 71(L) CDR Set

CDR- L1: resi @ues T28h@Beed pecgl@e [ BIaNDOBavhereDReill ukprzglicoulbls adgnigg cgfseBEQ | D
NO 361 CDR: L3: 1 Gl for SER-RINQLAGE o408 They bi Ading pr ot el n
according to claim4, conprising at |east two variable domain CDR sets.

6. The binding protein according to claim5, wherein said at |east two

vari abl e dossai n TGBRss@ll Sccatidig sallea beavhkknriia mghoulpn cansh sHOrgl.of : 15VH E9
CDR Set and VL E9 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 E9.14 CDR Set and VL E9. 14 CDR Set, VH
E9. 17 CDR Set ande Wist €0 addrd@BR Gan 62, whgreiisugEanBal@dRelSet CahdelVL E9. 18 CDR
Set, VH E9.19 CDR Set and VL E9.19 CDR Set, VH E9.22 CDR Set and VL E9. 22
CDR Set, VH E9.48 CDR Set and VL E9. 48 CDR Set, VH E9.65 CDR Set and VL
F9. 65 CDR SBt, 138hajifefeccameiRian sl affereyisiEgnes ceiReghronps pgepiaecDR Set
and VL E9.71 CDR Set, VH E9.13 CDR Set and VL E9.13 CDR Set, VH E9.16 CDR

Set and VL =) Set, 30VH E9. 2B
CDR Set and |_ &5% g@%&“&%ﬁt gﬁ\)iﬁ%@% %%F?a@q”‘?e“ &35\7‘6%&9 F CDR Set, VH
E9. 10H EDR Set and VL E9. 104 CDR Set, VH E9.5E CDR Set and VL E9. 5E CDR

Set, VH E9.&0C GDR:tRlof %‘a@uc\ﬂ% a%gldﬁligg-}o aobthds h@l@éﬂ")ﬁ% (,70%‘111) éﬁﬁnn@nd VL
E9. 7E CDR Set, VH E9. Set and VL E9.12B CDR Sef, 9. 10E CDR Set

and VL E9. 10E cﬂ?—%hsﬁtce” of Ry B8 OBk -@Sdp @ gireviediEs ugder %ﬁétlgl-:ﬁtsu figeptEy. 7A CDR
Set and VL E9. 7Ard3RR a$ekling WidieEAhBbinGDRmSebLeand VL E9. 8H CDR Set, VH E9- SE1
CDR Set and VL E9-SE1 CDR Set,

20 68. A binding protein produced according to the method of claim 67.

69. A crystallized binding protein comprising a binding protein according to any one of

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

25 70. The crystallized binding protein according to claim 69, wherein said crystal is a carrier-

free pharmaceutical controlled release crystal.

71. The crystallized binding protein according to claim 69, wherein said binding protein has a

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

30
72. The crystallized binding protein according to claim 69, wherein said binding protein
retains biological activity.
73. A composition for the release of a binding protein said composition comprising:
35 (a) a formulation, wherein said formulation comprises a crystallized binding protein,

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

(b) at least one polymeric carrier.
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5 VH E9-5E2 CDR Set and VL E9-5E2 CDR Set, VH E9-5E3 CDR Set and VL E9-5E3
CDR Set, VH E9-5E4 CDR Set and VL E9-5E4 CDR Set, VH E9-5E5 CDR Set and VL
E9- 5E5 CDROS3e11/02Md4E9- 5E6 CDR Set and VL E9-5E6 CDR Set PCTAG2MB0EMGE7 CDR
Set and VL E9-5E7 CDR Set, VH E9-5E8 CDR Set and VL E9-5E8 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, 15VH E9.71(M CDR Set and VL
E9. 71(M CDR Set, and VH EO9. 71(L) CDR Set and VL E9 71(L) CDR Set. 7. The
bi ndi ng proteln ccordln%k ny one %f d ai ns further r|S|ng a
human acceptior fIPaREWETIO" 45 g“TH@ ‘@Fﬁﬁl%W6?¥Pﬁ“é@@gPﬂ? 1?6 claim7,
wherein said humaﬂmﬂdmepmemnﬁﬁaMthgmm@mﬂnmg$é$o@@maMEmmbamhd sequence

| ected f t Kk
select o0 11 om 1, SLOVR,SIMRLSH0R1 DT SER)D, esaRheg Aprevorlc
25l i ght Thai n adeept: (19@1%1@‘6119@%@6@)1}5(%1(1 ©- M1@3ﬂ3@r PLEAdPdly ht chai n accept or
sequences SEQ | my&‘g@b%agﬁpol?(caﬂf@l@ct&kﬁﬁél?@ho@ﬁ&ﬁ@'ﬂ%lﬂ&ﬁﬁ@@'g@golf foig! @i m 7 or

claim 8, wherein sai'd human acceptor fra i ses at | east one
franmewor k regi on(hyFPTBORY Iaet?ﬁﬁ’?ﬁ“%eﬁoilyo[@rgg\ﬂﬂ’?@l?oéﬁ’hﬁze?ﬂ@Olyéeﬁl‘&rﬁtﬁé) B d
sequence of the(ﬁmﬁﬁﬁmmbhmb&&ﬁ&bﬁﬁﬁ&hﬁﬁﬁ%@bd@@&k@amqmQmﬁhﬁmﬁﬂmm&nﬁe of said
human accept or fg risi cid_.residues

i dentical to Salp C]H(F'llnc rPH{r.%/ols a[ﬂ)u n QE Pate cé]ﬁlosei(and i%l%fo (fgr%a.tweai co agen ﬁ 11,

accep ern
accordi iy to cIaﬁhmBhwmm@mémﬁwswm%umuwﬁmgM@mengWmis@h@@gﬂkmaﬁudmprlses at
| east one franmewprk LeWpIPmaTeQo@ci d substitution at a key residue, said

key residue selected fromthe group consisting of: a residue adjacent to a
CDR; a glycosylation site residue; a rare residue; a residue capabl e of

interactingrsw t frhhbmmﬂs@lnlaécomncga@amncm wHe&:Sﬂ Qid@ngr@&ntﬁ@ﬂlea@d frére @k due bet ween
heavy chain variable re nd | i ght in va er resi due

W thy o Ver ni e g BB Pt T T B ST SO bet weon
Chot hi atdef i ned cvasdeathh, enchhegypyly ahyadna gigbRindaioy ety IKalggtoldef | ned first heavy
chain framework. 10 11. The binding protein according to claim 10, wherein
key residue selected fromthe group consisting of: 2H, 4H, 24H, 26H, 27H,
29H, 34H, 3BH, 3VEEth@ge, treatipea mpBipal Qmplisinpghy st QFpdnBOfEring forhe 58402l OH, 60H

63H, 67H, 69H,  ThtbivdBtbunclBlHe chBihiihlkbor@3Ho (QH3. 2L, 4L, 25L, 20L, 27bL,
33L, 34L, 36L, 38L, 43L, 44L, 46L, 47L, 48L, 49L, 55L, 58L, 1562L, 64L,

71L, 87L, 89L, 90L, 91L, 94L, 95L. 12. The binding protein according to
claim 13y wivere Alblﬁmbicemdi:amgm@)bmmcﬂmpr&m@ tIROnSRE ste&inud BBony afrdlabk e-3zlomai n.
252, 144, 256, %ﬁ?apZGO 156, 268, 160, 216, 164, 220, 168,

harmaceu%ica%y accep dble cartier.

78. The pharmaceutical composition of claim 77 which further comprises at least one
additional therapeutic agent for treating a disorder in which DLL4 activity is detrimental.
25
79. The pharmaceutical composition of claim 78, wherein said additional agent is selected
from the group consisting of: angiogenesis inhibitors; kinase inhibitors; co-stimulation
molecule blockers; adhesion molecule blockers; anti-cytokine antibody or functional
fragment thereof; methotrexate; corticosteroids; cyclosporine; rapamycin; FK506; and

30 non-steroidal anti-inflammatory agents.

80. A method for reducing human DLL4 activity comprising contacting human DLL4 with
the binding protein of any one of Claims 1-32 such that human DLL4 activity is reduced.

35  8l. 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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224, 172, 272,

176, 276, 180, 300, 184, 292, 188, 280, 192, 288, 196,

200, 284, 204, 304, 208, 308, 212, 312, 334, 335, 336, 337, 338, 339,
341, 342,w04811/@8%4 345, 346, 347, 348, 349, 350, 351, BEZ/USIHB/,04BbH6!,

10

15

20

25

30

35

82.

3.

84.

85.

86.

87.

88.

binding protein of any one of Claims 1-32 such that human IL-17 activity in the human

subject is reduced.

A method for treating 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 1-32

such that treatment is achieved.

The method of claim 82, wherein said disorder is selected from the group consisting of:
breast cancer, colon cancer, rectal cancer, lung cancer, oropharynx cancer, hypopharynx
cancer, esophageal cancer, stomach cancer, pancreas cancer, liver cancer, gallbladder
cancer, bile duct cancer, small intestine cancer, urinary tract cancer, female 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 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 hypertrophy, and other
angiogenesis independent and dependent diseases characterized by abberant DLL4

activity.

The method according to Claim 83, wherein the disorder is a primary and metastatic

cancer.

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.

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,

choriocarcinoma, and gestational trophoblastic disease.

The method according to 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 tumor.

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

the group consisting of thyroid cancer, adrenal cancer, and pituitary gland cancer.
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355, 356, 357, 358, 359, 360, and 361. 14. The binding protein
according to claim 13, wherein said binding protein conprises two variable
domai ns, whers/n25®ai d two vari abl e domai ns have am no aeCu/Useguonmes
selected 30fromthe group consisting of: SEQ ID NOS:1 and 111, SEQ ID

NCS: 116 and 228, SEQ I D NOS: 120 and 232, SEQ I D NOS: 124 and 236, SEQ ID
NCS: 128 and 240, SEQ I D NOCS: 132 and 244, SEQ ID NOS: 136 and 248, SEQ ID
NCS: 140 and 252, SEQ I D NOS: 144 and 256, SEQ I D NOS: 148 and 260, SEQ ID

NCS: 152 and, 264, 156, and. 268, SEQ I D and 216, SEQ ID
NOS: 164 andl 22§he§§6’£3ﬁ°'\!% Jay g3’éivgﬁel?§ﬁsar%?@1§ ﬁﬁieﬂéﬁg B ZRYP 272, SEQID

NCS: 176 and 276,coiBkGg dDa hiab sélr&ﬁnaamzbft?oi@@ﬁle sabiafga,labt KpBsit S4coarad 292, SEQ I D
NOS: 188 and 280, SEQ I D NOS: 192 and 288, SEQ I D NOS: 196 and 296, SEQ ID
NOS: 200 and 284, SEQ ID NOS: 204 and 304, SEQ I D NCS: 208 and 308, SEQ ID
NOS: 212 ‘and’312, TheEQh¢ DO B8 4 lazn 83, 38F cin SE@enNeNCBcB 3B elariel! BBYthe SEQ

| D
NOS: 338 and 339,5:63FRukilii n%@t@oc?t@ﬁla %%ﬂx@maSE%destM@a%@ob@dagmg’e% SEQ I'D
NCS: 344 and 345,” SEQ I D 346 and | D NOS: 348 and 349, SEQ ID

| D

NOS: 350 and 351,7CSHS f FFRRBESISB *JHRReie. SEABEERS354 and 355, SEQ
NOS: 356 and 357, SEQ | D NOS: 358 and 359, SEQ I D NOS: 360 and 361. The

bi nding progiei n gecording, o, SLalMAL, et Saldoiadingprot ei n
COI’TpI'I ses at | eas Pe dn ng a no aci sequence

sel ectetd fromt rnelhgmwps écleurksmet 4 H@igblfl $ leSE@wL Dndn@dgkm di¢dkemip]BlympiR@ia, 120,

232, 124, 236, 138422A0ymddte, s fnonkiRBzkidd mplgﬂﬂg 252, 144, 256, 148, 260,
152, 264, 156, 268, 160. 216, 164, 220, 168, 224, 172, 272, 176, 276, 180,

300,

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

15 degeneration, and a rubeosis.

93. A method of treating a patient suffering from a disorder in which DLL4 is detrimental
comprising the step of administering the binding protein of any one of claims 1-32 before,
concurrent with, or after the administration of a second agent, wherein the second agent is

20 selected 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-

mflammatory agents.

25 94, A binding protein comprising an antigen binding domain capable of binding human
DLLA4, said antigen binding domain comprising at least one or more CDRs selected from
the group consisting of:

CDR-H1: X3;-X,-X53-X,-Xs (SEQ ID NO:105), wherein;
Xy 1is S, N, or D;
30 X, is H or Y:
X3 is W;
Xy 1s M;
Xs is S or H;
CDR-HZ: X1=Kp=X3=Xy—Xs5—X=X7=Xg=X9=X10=X11 X157 X137 X14= X157 X165~ X17

35 (SEQ ID NO:106), wherein;

X, is I, D, M, or T;
X, is I:;
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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, 349y03b80/023%3, 352, 353, 354, 355, 356, 357, 358, P8TAIS2@60470861d 361.

X5 is S;
Xy is Y, N, S, @, V, T, H, or D;
Xs is D;
Xy is G;

5 X; is 8, R, I, T, G, K, H, or N;
Xg is N, Y, S, I, or T;

Xy is K, M, N, Q, E, T, R, S, A, or L;
Xy is Y, D, or E;
Xi1 1s S or Y;

10 X1, 1is A;
X3 is D
X4 1s S;
X5 is V
X6 is K; and

15 X17 is G;

CDR-H3: X;—X,;—X3-¥X;~X5-X;~X7-Xg—Xs—X10 (SEQ ID NO:107),
wherein;

Xq is

~e

Xz is A, or R;

~

20 X3 is

~e

Xy is

w0
O
[t
b

Xs is

Xs is

o]
B
=

X4 is

~e

25 Xg 1is L, Y, or M;

~

o H o < z2 @ @ 6 =

Xy is and

~e

Xip is I, S, or L;
CDR-L1: X;—X,—X3-¥X;—X5—X;~X7-Xg—Xs—X10—X;; (SEQ ID NO:108),
wherein;
30 X, is S;

X, is A or G;

X3 is D;
Xy is K, N, L, @, M, E, S, T, G, or D;
Xs is L;
35 X¢ 1s G;
X, is T, S, N, A, G, or E;
Xg is K, Q, N, or R;
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The binding protein according to claim2 wherein said antigen binding
domain conprises a VH The binding protein according to claim 16 wherein
said VH cwopoiigesdsan ami no aci d sequence sel ected from Pog/use@op4monsi st i ng

of :
160, 164, 168, 172,

SEQ I D NOSs: 1, 116, 120, 124, 128, 132,
176, 180, 184, 188, 192,

136, 140, 144, 148, 152, 156,
196, 200, 204, 208, 212, 334,

336, 338, 340, 342, 344, 346, 348, 350, 352, 354, 356, 358, and 360. The
bi ndi ng protein accordi ngxt @sctai m2 wherein said antigen bindi ng domai n

conprises a VL. The bindipg pr
conprises an am no acid s%ﬁuﬁ%

Q]t

ce

ei n acc

°%el’edf

rding to claim 18 wherein said VL
d fromthe group consisting of:

g

I D NOS: 111, 228, 232, 236%:2405:244, 248, 252, 256, 260, 264, 268, 216,

220, 224, 272, 248,300y 292 2
339, 341, 343, 345, 347, 349,

The bi ndfl
dormai n conprises a VH andxaiVlo;

80,
3%%?

X3 is A, G,

X, is K, M,

Xs is R;

10 X6 is P;
S

X; is

and

CDR-L3:
X; is Q;

15 Xz is

X3 is
Xy is
Xs is
Xs is

20 X7 is

Xg 1is
Xy is
9s.

25

88,
}%521

W,
Q,

and

X1=X=X3—X3—Xs5—Xs—X7—Xg—Xg

S or A;

Q,

P, or E;

N,

P,
N,

wmd8:,312, 335, 337,

(28 qD2§6nx%gg i

355, 357, 3

ng protein accordi A %o claim2 wherein said anti gen binding

S, or D;

L, T, I, or E;

(SEQ ID NO0:110), wherein;

A, V, W, or M;
R, or T;

and

The binding protein according to Claim 94, wherein said at least one CDR comprises

an amino acid sequence selected from the group consisting of:

residues 31-35 of SEQ ID NO:112 (CDR-H1); residues 50-66 of SEQ ID NO:112
(CDR-H2); residues 99-108 of SEQ ID NO:112 (CDR-H3);

residues 23-33 of SEQ ID NO:113 (CDR-L1); residues 49-55 of SEQ ID NO:113
(CDR-L2); residues 88-96 of SEQ ID NO:113 (CDR-L3);

30

residues 31-35 of SEQ ID NO:316 (CDR-H1); residues 50-66 of SEQ ID NO:316

(CDR-H2); residues 99-108 of SEQ ID NO: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 NO:317 (CDR-H3);
residues 31-35 of SEQ ID NO:318 (CDR-H1); residues 50-66 of SEQ ID NO:318

35

(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 ID NO:319 (CDR-H3);
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The binding protein according to claim20 wherein said VL conprises an

am no aci d sequence selected fromthe group consisting of: SEQ I D NCS: 111,
228, 232,W032611/@28%4 244, 248, 252, 256, 260, 264, 268, PLCH/US2R0/042Bel, 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. The bi ndi ng
protein according to claim2, further conprising a heavy chain

Ih mmnolgl <|\)/Ibul l nt qgizﬁ%s@ntssdmmmﬁ@bm@&d ﬁlr)qeal&u&tesog%wm@mmtﬁ%@@ ngI 01;32 a
uman | gM cons const.an omai n; a human Ig
const ant domai n ﬁ%ggﬁldflﬁé‘% @Eg%ﬁ“gﬁpl\ﬁ)o%g(#lig%unan | g& const ant
dpma! n: a hum_an rés@Ees(S@BSbﬂSHQﬂinﬂmsm @Da-1a)hrediduss ioﬁoﬁsmtmogdbnm n. The
bl i 0, Br ot el n @hRoLH AR, LRuGh el SelrrRl Morand heavy chain

i rmunogl obul i n consta domarn is a 'gGl constant domain. The
bi ndi ng Pprotein r@@@@ﬁrﬂﬁﬁgf%@lﬂl&@@%@W)éﬁ&lﬂusﬁocmmﬁmmﬁ@ﬁ%onst ant

domai n conpri Ses(cﬁﬁlH) re%fa'uéi 9‘5@!81&%@@ IE@Jcﬁﬁz‘%@DMBW the group consisting of
SEQ I D NO 2 and SEQ bi ndi ng protein accordln]glato claim 2,

further conpri S|r?§bdu%§ A 3éﬁfSF(91]QI?IIOI3WP dgeidups Veheof 3 140RErH sel ect ed

fromthe group GODRIERY; |re3g1u@f99 168 dMsEANDND:eappar-¢opst ant domai n and a human

|9 1 ambda_const ant, Aok e i B gl ROBIGLEL I RAGERALAGYS Qosha! M 26

wherein said Ilg% in c regi on mai'n is a human
| g kapp# const arﬁCDHdﬁmrwd@m?ﬁflD&@fr‘»ﬁ@Qdﬁ]NW%é@aRﬁéhuence SEQ ID NO 4. The

bi ndi ng protein r&‘r‘cﬁ&rﬁ“sﬁgféébﬁﬂﬁd)@%D‘Mﬁr)%s”duéédo%dok91?%119?36?3@5 _
i mmunogl obul i n constant re donmai n da constant donmain

conpri si ng ani nd“BR{: §@&H‘§ﬁ8é05§ﬁ(§Ep@N@ ‘35 (CDR-H3);

residues 31-35 of SEQ ID NO:326 (CDR-H1); residues 50-66 of SEQ ID NO:326
(CDR-H2); residues 99-108 of SEQ ID NO:326 (CDR-H3);
15 residues 23-33 of SEQ ID NO:327 (CDR-L1); residues 49-55 of SEQ ID NO:327
(CDR-L2); residues 88-96 of SEQ ID NO:327 (CDR-L3);
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 NO:328 (CDR-L3);
residues 23-33 of SEQ ID NO:329 (CDR-L1); residues 49-55 of SEQ ID NO:329
20 (CDR-L2); residues 88-96 of SEQ ID NO:329 (CDR-L3);
residues 23-33 of SEQ ID NO:330 (CDR-L1); residues 49-55 of SEQ ID NO:330
(CDR-L2); residues 88-96 of SEQ 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 88-96 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); residues 88-96 of SEQ ID NO:332 (CDR-L3);
residues 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).

30 9. The binding protein according to claim 95, wherein said binding protein comprises at

least 3 CDRs.

97. The binding protein according to claim 96, wherein said at least 3 CDRs comprises a

variable domain CDR set selected from the group consisting of:

35 VH A10 CDR Set
CDR-HI1: residues 31-35 of SEQ ID NO:112
CDR-H2: residues 50-66 of SEQ ID NO:112
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WO 2011/ 025964PCT/ US2010/ 047006 29. The binding protein according to Claiml
wherein said binding protein is selected fromthe group consisting of: an

i mmunogl ovol2oraredeacul e, an scFv, a nonocl onal anti bodyPCa/US2010/047006 human
anti body, a chineric antibody, a humani zed anti body, a single domain

anti body, a Fab fragnment, a Fab' fragnment, an F(ab')2, an Fv, a disulfide

| i nked Fv, a single domain antibody, a diabody, a nmultispecific antibody, a
bi speci fic anti kggdyps.and Rsigdlade-aReesid > ’Otiibody. The binding protein
according to claim29 wherein said binding protein is a human anti body. A
bi ndi ng proteinlg&%%%¥%L§¥ bi ndi ng human DLL-4, said binding protein

conpri sing: an I@pRebnst antesiheay3rE§EQMD Navilhg an am no aci d sequence

sel ected from thg,grpup Cé%ﬁ&de?ﬁd-%%f%ﬁQ%Q ;NG 2 and SEQ ID NO 3; an Ig
constant |ight region having an am no aC|8'sequence sel ected fromthe group
consi stifhg of SEDR-E:NO 4regidigs SEQ IfSENP HO:1dh | g vari abl e heavy region
havi ng an am no \achth segrence sel ected fromthe group consisting: SEQ ID
NCS: 1, 116, 120, 124 128, 132, 136, 140, 144, 148, 152, 156, 160, 164,

168, 172, 176, f88-Hhga udies iigh of $EQIDYOB10204, 208, 212, 334, 336, 338,
340, 342, 344, 3IAR-HR48, BHes 366, 0f36d 1D BHB16358, and 360; and an Ig
variable |ight reg gn having a 1 i d~-segquence selected fromthe group
consi sting: SEQ(%%JI%%S: 11ff?1&5§§?'?d§’§§?‘5§§%§0§§%, 244, 248, 252, 256, 260,
264, 268) 216, 2A0AI0BXDR T2, 276, 300, 292, 280, 288, 296, 284, 304, 308,
312, 335, 337, 3Fh-1841l, Rddes 343 or3fdip A7 351, 353, 355, 357, 359, and
361. The bindin rotein according to Caim31, wherein the I g constant
light region is 3D NOesduer S I fER MY NP¥ BT ei n according to any one of

C aims 1-32, whernr-m:t he hiingds soquret@imnNos2¢apabl e of bl ocking DLL4

i nteraction mﬁtqn? Qﬁ%ﬁ2§ﬂi§H6i” selected fromthe group consisting of

Not ch- 1, Not ch- 2, T3, tch-4, and conbi nati ons thereof The binding

pr ot ei nlaccor di fPR-B1:Cl ai ryiBB8s 3 wWherf6EQ [P N@:3V ndi ng protein is capabl e of

bl ocking DLL4 [ nigracti onhlfsioliled gaedipt ch-4. VO

2011/ 025964PCT/ US2010/ 047006 35. The indin% grotein according to O aim 33,
wher ei n t he bi nditgHpr ot eierdues S cHS QbR BY NBPbEtki ng DLL4 interaction with
Not ch-1. 36. The/ibAngisaop @kei n according to claim 33, wherein the binding

protein is capab ~ 5bl ockin i racgtion wth Notch-4. 37. The

bi ndi ng protein(gﬁ%gidinngﬂm%%§£%ﬁgE§?6gFgﬁ 1-32, wherein the binding
protei n24 s capalDR-Bf: nodutidates sigocof BEQIDHIOcAR functi on of DLL4. 1038. The
bi ndi ng protein >g%.di ng. /1 RNE el 1- 32, wherein said binding
protein is capable o? neuf%§F?§¥ﬁ§%a8%éi4.égg§ The neutralizing binding
protein accor di ML GPRSE8 wherein said DLL4 is selected fromthe group

consi sting of: pran DLLAksinRyseE: Lk miswoeyol gus DLL4, and rat 15DLL4. 40.
The neutralizingafinding %% tein accordin% to Claim38 wherein said

neutralizing bi ndYig>pr ot & UG SheP e dbi 1ity of DLL4 to bind to its
receptozs 2041. TIR-A2uUt r alesiduiengp- iR RASEYIPNOBE n according to claim 38
wherein said nethghj§4§%¥§&nding protein is capabl e of reduci ng nornal
angi ogenesi s. 42 : lizing binding protein according to claim 38,
wher ei n sai d nediDRaHi:zi ngrepiluseld Ingp PPEREPNOES a di ssoci ati on constant (KD)

sel ected from t ReGARUP CRNGISI-OLr_EG 1BNOMRst 25about 1017 M at nost
about 10-8 M at_nost about nost about 10-19 M at nost about

. 10-9 M at

10-11 M at nost“HbBtit 10wsde-HR G $HQ Hb¥P:34b- 13M 43, The neutrali zi ng
bi ndi ng3@r ot ei n\acsar i oprk@ cl aim 38, wherein said neutralizing binding
protein has an e selecte rQup consisting of: at |east
about 102N115-i?ﬂg{ﬁg0Iea§?&§ od%ﬁgggkgﬁggﬁgyat | east about 104m 1s-1; at
| east about 105MIDRsHZ:; andsidtes fle@stt SERORDINOIBEM | s-1. 44. The neutrali zi ng
bi ndi ng protei n @gcAs.di NGLifeCdR] MBSO WIeH8LN sai d neutralizing binding
protein has an off rate selected fromthe group consisting of: at nost
about 1(13s-1; MLAHEIDGBBRBYut 10-4s-1; at nost about 10-5s-1; and at nost

about 165 6s-1. \WrRAL1/ 025964PGTIUS3040H Q06 45. A | abel ed bi ndi ng
protein conpri si bi ndi n of ei ne of Clains 1-32, wherein
sai d bi ndi ng préﬁg?ﬁzis c%ﬁﬁﬁg§¥%§ﬁ5882DE@%%gtabIe | abel . 46. The | abel ed
bi ndi ng pr ot ei n GIR-Eb:ai m #HduenpferidioNSEGE Weert abl e | abel is selected from
t he 5group consisting of a radiol abel, an enzynme, a fluorescent |abel, a

| umi nescent | abel, a bioluninescent |ab® , a magnetic |abel, and biotin.

47The | abel ed binding protein of claim46, wherein said |label is a
radi ol abel selected from




314359099111125131177166 the group consisting of: HC S, Y, Tc, In, 125jLu,
Ho, and 153SM 10 48. An anti body construct conprising a binding protein
descri bedwDroawmeswh Cl ai ns 1-32 and further conprising &Criuskew/opmwby pept i de
or an i munogl obulin constant domain. 49. The antibody construct according
to claim48, selected fromthe group consisting of: 15an imunogl obulin

nol ecul es, a nonocl onal anti body, a chineric anti body, a

CDR- gr af t ed ant ishpdys3ochbreENi zed anti body, 20a Fab, a Fab', a F(ab')2, a
Fv, dj sul fide |ink Fv, 25a scFv, a single domain
antlbody, a di ald®iila nu??$§b§%$¥#§E§ﬁ?P%5§€ a dual specific antibody,
and 30a blspeC|RHn{Hht|boﬂymm5ﬂlamﬁeEamDBany construct according to claim
48, wherein salqjﬁ?ﬁgbo ?9@§%fﬂﬁ 885; @ heavy chain inmmnogl obulin
constant domain ected from the gro conS|st|ng of : a human | gM const ant
domai n, 85 a hufdnAlUPBAICRRBEt ant donmmi n, a human 1 g& constant donmmin, a

human |1 gG3 const@gt donai ﬁésmues@, QLHTgEQh]g%g@nstant domai n, a human | gE
constant domai n, a hunman co nst ant domain, and a |1 gG constant domain

variant with on&®rldore li"’rﬂ?‘*ﬁf oot SEFREP NPS3Bi ndi ng strength to Fc neonat al
receptor, Fc gammR-LEceptsisues 8-96dfgEQThaicembi body construct according to
cl aim 48, corrprigémg) 6::Hﬂcblt{rgﬂ{nogl obulin constant domai n having an am no acid
sequence sel ect sting of: SEQID NO 2, SEQID NO 3, SEQ ID

NO 4, SEQ | D NO@R-Hhd combiluradli-rd SEQéP &0¥32An ant i body conj ugate

conpri sing an anrtidgsly colggiggeygd%a(;fsg@@]gg\lbbgg in Claim48, wherein said
antibody construct is conjugated to a therapeutic or cytotoxic agent. The

anti body conj ug&t®-8¢: d alie @?99 Wi ef QNP d2t her apeutic or cytotoxi c agent
is selected fromﬂ&m@rmms@onm sting of: an anti-netabolite, an al kyl ating

agent, an anti bi a gro fac ki ne, an anti -angi ogeni c
agent, an anti - rﬁdo fc agrg?#ﬁ ?3 rﬁ%”g%@y%% ne, toxin, and an apoptotic
agent. HAn i sol at@wR-hucl ei Ics@mﬁ) -Bd SHQM N&:3301 ypept i de sel ected fromthe
group consi stingpfis.a poﬂeMﬁEP&é %eofgg N .f1g a heavy chain variable

domai n, wherein the heaVé aln varia omai n conprises one or nore of
CDR- Hl, a CDR- HXH 4}0. as descrl bed in Caiml; a polyp eptide
conprising a |ligigr-ghain Mﬁ(ﬂdeﬁbﬂ ﬁ(ﬂQE@iHDNOJerei n the light chain variable
domai n corrprl se or or a CDR- L3 as descri bed
in Claimi1; ?ﬁ) i nat]ie%ﬁue% %ﬁ%@@&%ﬁ des. 55.A vector conprising

an isol ai ed nucI(é)R:Ham d @agdes oH-1g of SECITANM33A . The host cell according
to claim58, vvhe\;LeA@ %% bgst cell is Escherichia coli. The host cell
according to cl in said host cell is a eukaryotic cell. WO

2011/ 025964PCT/ USFORD/ 0470861623-31d SEASP NO&3P accor di ng to claim 60,
wherein said eukajp/pi.ic cgglﬁueg@ %f@EQ@]ﬂNUQQn the group consisting of: a

protist cell, an_aninmal cel d % I’Slt ceINI and a fungal cell. 562. The host
cel | according t&%kai m 6% W‘l%gr EQTANGRAr yotic cell is an animal cell
sel ectezs from t had aroMpCoBASI sting of: a mammalian cell, an avian cell, and
an insect cell. Cq;‘kﬁ' horsetl?u%se% %a%%‘éq‘h% 3t28 claim®62, wher ein said
manmal i an cell is a i 4 oSt "Cel | accor di ng to claim62,
wherei n sai d marfAB-Han celetidiesSOCCOSEQ P NO:326
CDR-H3: residues 99-108 of SEQ ID NO:326
VL A10.4C CDR Set
30 CDR-LI: residues 23-33 of SEQ ID NO:333
CDR-L2: residues 49-55 of SEQ ID NO:333
CDR-L3: residues 88-96 of SEQ ID NO:333
VL A10.L45 CDR Set
CDR-LI: residues 23-33 of SEQ ID NO:328
35 CDR-L2: residues 49-55 of SEQ ID NO:328

CDR-L3: residues 88-96 of SEQ ID NO:328
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65. The host cell according to claim6l1l, wherein said fungal cell is
Sacchar onyces cerevisiae. 66. The host cell according to claim®62, wherein
sai d i nsew0208ald25968 an Sf9 cell. 15 67. A nmethod of pro@agiusgoia/olioneli ng
protein that binds human DLL4, conprising culturing the host cell of any
one of clains 57-66 in a culture nmediumunder conditions sufficient to
produce a binding protein that binds human DLL4. 2068. A bi nding protein
produced accor dingatoa.78khernet hod of claim67. 69. A crystallized binding
protein conprising a bindin rotein_according to any one of Cains 1-32,
wherein said biﬁaﬁﬁbkprot@?%wg§%§¥§35§1%)%¥ygtaI. 2570. The crystallized

bi ndi ng pr ot ei n GoeDr:di ngretiduecdBIIMIBBQ IMYexPNn said crystal is a carrier-
free pharnmaceuti L Lgontrg). g | . 71. The crystallized binding
protein accordiﬁ%ﬁigfclai%$%§?8%ﬁ%$§?§1§é¥§&ginding protein has a greater
half lif® in vivo than the sol uble counterpart of said binding protein. 30
72. The cryst al l1inz gidgibd RekiRGcBiifL & i@ 08 b Ehiho hledd &b Mrfible iWheEr €bR sai d
bi nding protein retains biological activity. 7%. A conposition for the

rel ease of a bintli'ng protein said conposition conprising: 35(a) a

formul ation, wherein said fornulation conprises a crystallized binding

protein, acgordi to _any one of cl ai. 69-72, . ihgredient: and (b)
Dl east ong pol e TatBeRGe Ane 0t PGB Ssb T ER4E0Y 3 The
conposi td on accdlR vy ateeeledtadiffrmzromhesising ofai d pol yneric carrier is a

pol ynmer sel ected froRO0® @R P5A VAf A loR®IELUP consisting of: poly (acrylic
acid), poly (cyanoacr Iateiéj gol%ﬁfanino acids), poly (anhydrides), poly
(depsi pepti de), poly WS DR SehidV L A DGR 83 d), poly (lactic-co-glycolic
acid) or PLGA, poly (ehwdnexodiusd yatg)alopal 6t;( capr ol act one), poly

(di oxanone), poly (ethy | ) POLY ((hydroxypropyl ) nethacryl am de,
poly [(organo)phosphggégé%%(%%¥§QT%P?H§N%%¥%?S), poly (vinyl alcohol), poly
(vinyl pyn-ol i done), ¥allAi0SDaHMy/Sht arde/L 10 CRR figtd et her copol yners,

pl uronic polyols, aIQ@ﬂgﬁﬂcqhggg@%@wﬂgﬁdﬂ?éﬁﬁg@ﬂd cel lul ose derivatives,
col l agen, fibrin, gelatin, hyaluronic acid, oligosaccharides,

gl ycani nogl ycans, suMigtl@&K3g6PRescndtirdds COR ¥Hds and copol yners t her eof
The conposi tion accokgi Qe 40 cPRaEMnd ¥1. AMSIEIRse8ai d i ngredient is selected

fromthe group consisting.of_ al bumn, cr ,..Irehal ose, lactitol,

gel atin, hydroxyprop§#{#%§(%§%$%ﬂgbﬁf$ﬁﬂﬂﬁ§iﬁﬁf§poIyethylene gl ycol and

pol yet h$t ene gl ycol . VA AmBHGIR $eoandtVieatoilVg CRRfamal conpri sing the step of

adm nistering to the I [ . of the conposition
é/’ﬂﬁﬁ%ﬁ &k §hLRGH! ¥R AT

according to claim73. phar maceuti cal conposition conprising the binding
protein of any one ofVHGQi3ACDR SpandaffgAl-IHA Aiceut i cal |y accept abl e

carrier. The phar maceutA @als @R sidtv 1o of ciok &tnd 7 Which further conpri ses
at | east one additional ther%Peutic agent. for treating a disorder in which

DLL4 activity is det VPmEieRCPRReaWndr Mt 841 conposition of claim 78,
wher ei n2sai d additional agent is selected fromthe group consisting of:

angi ogenesi 5,,i nhi bitors: kin 1nhi bi t orSy.: CQnShi i : e e

bl ockers; a Résﬁ%gEhgﬁ 5%13a%$%gf§???O%ﬁg??gégﬁE%H%M%ﬁ%Pﬁggggg?&#%nctional

f ragnment t her eofacceptet frrotewetkat e; corti costeroi ds; cycl osporine; rapanycin;
FK506; and non-steroidal anti-inflanmatory agents. A nethod for reducing
human DLL4 activitg,conprising contacting human DLL4 with the bi nding
protein of Hhy driebifinggpralpinaccyrding tagiup 19 éW“ﬁHﬁﬁHmﬁﬁﬂﬂmgﬁFﬁ@?PV“¥s reduced.
A met hosb f or redu@prisgs dnunmmo aBll keduarcd deMittd/frdnnthagbupmnsisivbprect suffering from
a disorder in ich DLL4 activity is detrl , npri sing adm ni stering
fo the hurmn sulrecergeBSh i SreRs 1P e dhe o “a s me 132 such

t hat human | L- 1heagchan acgepionsetiivaceh S@MD §0Bj3662. i s reduced. A nethod for

tr eaf“ ng a subj e ﬁt_ché?ﬂ ac@epﬁﬁ%@&@es@EQQD@uO%Q@g@ranhn_ Wh' ch DLL4 aCt Ivity Is
detrimental by adm nistering to the subject the binding protein of any one
of Cains 1-32 dighiishaimaseerty sqpeitSERIDANF%GVEd. The nethod of clai m 82,
wher ei n3sai d disorder is selected fromthe group consisting of: breast
cancer, col cancer,. rectal cancer, .| cancer, oropharynx cancer,
hypophar ynx! (andbt CoULEREE R asP gty TP R T e RS ey
| i ver cancer, gdtamblvakldenprisancless|onbirheevductgicamoerjcidsnmlifutionnivesdin the cancer,
urinary tract cancer, female genital tract cancer, nale genital tract
cancer, endocrine gland cancer, skin clflicer, henmangi onas, nel anonas,
sarcomas, brain tunor, nerve cancer, eye tunor, neninges cancer, solid
tunors from henmat opoi eti c nmalignanci es, tunor netastases, ocul ar
neovascul ari zati on, edema, rheumatoid arthritis, nmultiple sclerosis,

at heroscl eorotic plaques, Crohn's disease, inflamuatory bowel disease,
refractory ascites, psoriasis, sarcoidosis, arterial arteriosclerosis,

o o o o - LT . T T S




91. The nethod according to Caim83, wherein the solid tunor froma

hemat opoi eti ¢ 10malignancy is a | eukem a, a Hodgkin's | eukem a, a

non- Hodgkwo'2e1llesdeenm a, a | ynphoma, a Hodgki n's | ynphomeCTAarsdo18/047006

non- Hodgki n' s | ynphomas. 92. The net hod according to C aim83, wherein the
ocul ar neovascul ari zation is selected fromthe group consisting of diabetic
bl i ndness, a retinopathy, an age-induced macul ar 15degeneration, and a

rubeosis. 93. A.mmihed séaﬁenw&aﬁelﬂagle@orp@tat B8Rt 6554k @td Rhd QR odsasdorder in
which DLL4 is detrinental risin t he Sieaﬁgﬁf adm. |s erj n% the bi ndi ng

protein of any OHE*GL¥CE} "éfr?fﬁe Pricrad pRERgiRs at PfPlé?\'tm CHHSS ST t%r  t he
adm ni stration ofidanseconpoagentorkwher ei n the second agent IS 205e| ected
fromthe group consisting of an antibody or fragnent thereof capable of
bi ndi ng human VEGFR2; net hotrexate; an anti body, or fragnment thereof,
capabl e of BBndiThgbihdingmotFiNFecordme tq daygtl el gheten sad/nimgs paseritadramevaqiany ci n,

FK506, and non- %Bﬁﬁrﬁ%bs@@leas@@ﬁe‘fr‘akn@%rﬁ?@gﬁh%Mo AGERbRiutidPA4 L& Rlidd] B KBy ot ei n
conprising an antigen_ bind mg@ onmai n .capabl e of binding human DLL4, said
[

anti gen bi ndi ng "#8RaIHFCED 1YP sist@zel one or nore CDRs sel ected from
t he group consi sti nga&f'sldumjaedrﬂﬁma)&mxz X3-X4-X5 (SEQ I D NO 105), wherein;

XllsSNorD3021(2|Csat " SC?(l SW X4is M X5is Sor H CDRH2:

X4- X2- X3- X4- X5- X6- X7 Rg°RY B?Eé NEUR12 X13 X14 X15 X16 X17 35(SEQ I D

NG 106) 10 wherei n; Xlaraeresidl®, M or T, X2 is |; X3isS X4isY, N S

Q V, T, H or D X5 2 keSidkd caﬁ@le 0§1n@racééZV1fhshu1§an IBJL4I T, G K H or N X8is
NYSI,orTX9|s SA,orL X10 is Y, D or E;

Xuis S or Y 10X12 p&anpuicakresidyes D x14 i s s Xmis V: x16 is K and 15X17

is G CDRH3: XI1-X2- X3on¥dt r&idudBetwiden K& KOk hQridbREredidnRndNGE L Ehé)n,vardber ei n; X1
is A X2is G A orRi‘20X3isG§ X4is G S, or A, X5is N X6isVor|Vl
X7 is G 25x8 is F, %, or M X9 is D; and

15 a residue within a Vernier zone; and
a residue in a region that overlaps between a Chothia-defined variable heavy

chain CDRI1 and a Kabat-defined first heavy chain framework.

104.  The binding protein according to claim 103, wherein key residue selected from the group
20 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,
2L, 4L, 251, 29L, 27bL, 33L, 34L, 36L, 38L, 43L, 44L, 46L, 47L, 48L, 49L, 55L, 58L,
62L, 64L, 71L, 87L, 89L, 90L, 91L, 94L, 95L.

25 105.  The binding protein according to claim 104, where the binding protein is a consensus

human variable domain.

106.  The binding protein according to claim 94, where said binding protein comprises at least
one variable domain having an amino acid sequence selected from the group consisting
30 of:
SEQ ID NOS:112, 113, 316, 327,317, 318, 319, 320, 321, 322, 323, 330, 324, 331, 325,
332, 326, 333, 328, and 329.

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

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

from the group consisting of: SEQ ID NOS:112 and 113, SEQ ID NOS:316 and 327,
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X110 is I, S, or L; CDRL1: X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Xu (SEQ I D NG
108) , wherein; 30X1is S; X2is Aor G X3is D X4is K N L, Q M E,
S, T, G wo2nvegseis L; 35X6 is G X7 is T, S, N, A G POT/US2018847086 K, Q
N, or R X9 is Y, X1I0is Vor |I; and X11 is S; CDR-L2:

X1- X2- X3- X4- X5-X6-X7 (SEQID NO1 0 9), wherein; 5X1 is Q X2 is D X3 is
AL G WS o D X4isK M Q N L T, 1, or EE X5is R 10X6 is P; and

X7 is S and CDReb3b NEk:52 atiSshArsan Kookt %8 259, SEORRNAR:. NOAdD)  antther ei n;
X1|SQ15X2|S A WX4|sDX5|sRSQ,PAVWorM

X3
X6isS G I, F%DI\@S%M‘?{O’%WS Dor G X8isV, A P, or E and X9 is
V. 95. The bi ndi ng protein according to Caim94, wherein said at |east one

o ool duear 3R EBRt RRINSAGR BELTELE il SOMADEPLAMRLS AT T
NO 112 (CDR- H2) ;leapiesi vwialde gonaingBving angEofap) NouaeoseleapREMBIe gious| dues 23- 33

of SEQ I'D NO 11353 de19EQ 1hasdHues 1 4931903201 31980 iy, 36, 34:330C0R: 433) ;
resi dues 88-96 of SE NG 113 30r esi dues 31-35 of SEQ 1D NO 316

(
(CDR-H1); resi d&%‘§3%b3%5638f32§E@31%8M€51%2f6 (CDR-H2); residues 99-108 of SEQ
| D NO 316 (CDR H3); residues 31-35 of SEQ I D NG 317 (CDR H1l); residues

50-66 of S I. s, 99-10 N0317 (CDR- H3) ;
Cesi dues 315 dr ey 1SRG Sy e (iR S MRl Bl BN NS a1
35( CDR- H2) ; resicduerseddVil08 of SEQ I D NO 318 (CDR-H3); residues 31-35 of
SEQ I D NO 319 (CDR-H1); resi dues 50-66 of SEQ I D NO 319 (CDR-H2); residues
99-108 of SEQ I D NO 319 (CDR ; residues 31 -35 of SEQ I D NO 320

(CDR- H1) ; r88i dUésbBingsoish a@E@ﬂEE&’ Wé%wltetﬂmaﬁéﬁﬁ ORI 8YIngecid 08 of SEQ
I D NO 320 ( CDR- H&jugnce selected from the group consisting of:

SEQ ID NOS:112, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, and 326.
15
111.  The binding protein according to claim 95 wherein said antigen binding domain

comprises a Vr.

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

113.  The binding protein according to claim 95 wherein said antigen binding domain
comprises a Vg and a Vi.
25
114.  The binding protein according to claim 112 further comprising a Vi wherein said Vy
comprises an amino acid sequence selected from the group consisting of:
SEQ ID NOS: SEQ ID NOS:112, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325,
and 326.
30
115.  The binding protein according to claim 20 wherein said Vi comprises an amino acid
sequence selected from the group consisting of:
SEQ ID NOS: 113,327, 328, 329, 330, 331, 332, and 333.

35 116.  The binding protein according to claim 95, 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
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residues 31 -35 of SEQ ID NO 321 (CDR-H1l); residues 50-66 of SEQ I D NO 321
(CDR-H2); residues 99-108 of SEQ ID NO 321 (CDR-H3); 5residues 31 -35 of
SEQ | D NOW®2211((CBR4H1) ; resi dues 50-66 of SEQ | D NO 322 PCTDR2HBN4700€si dues
99- 108 of SEQ ID NO 322 (CDR-H3); residues 31 -35 of SEQ I D NO 323
(CDR-H1l); residues 50-66 of SEQ ID NGO 323 (CDR-H2); residues 99-108 of SEQ
| D NG 323 (CDR-H3); residues 31 -35 of SEQ ID NO 324 (CDR-H1);
resi dues 50- 66 ofmahEs &nMQta&ﬂau;L%% 152 eongtﬁlsu&wﬁqsa%am& QhstaaEQ | D

NO 324 (CDR-H3) ;. residues 35 of QIDNOBZS(CDR Hl); residues 50-66
of SEQ ID NO 32§°T@bﬁldﬁ%’mal?1§éﬂaﬁ@§td§§‘ 308 of SEQ | D NO 325 (CDR-H3);

resi dues 31 -35 of SEQ ID NO 326 (CDR-H1l); residues 50-66 of SEQ I D NO 326

(CDR- H2) ; id f D 3 -33 of
SEQ 1D N0 337 ( CRUTE sy ae yER b St Ry 459 RS L sl
88-96 of> SEQ | DCN@aBtzvglf(@Ralny)%humelsigﬂ?ue@S% doig@n.of SEQ | D NO 328 (CDR-L1);
resi dues 49-55 of SEQ ID NGO 328 (CDR-L2); residues 88-96 of SEQ I D NGO 328
(CDR-L3); _residues 23 -33 of SEQ.ID NO 329 L1); .residues
49- 55 of SE]@8I D Tuebiadee @@EWOW%F Lo qladigil if weergpsayduigpn lgg &qnﬁﬁa ey
(CDR-L3); I’ESI dweﬁpr&&mﬁlﬁ)a@ﬁisﬁﬁ@c& £21edley B30 the ok tohyisting eSIBRUIESN@E:9 akb of SEQ
| D NO 330 N#é C|{:)Rues 88-96 of SEQ ID NGO 330 (CDR-L3); residues 23

- 33 of SEQ | D :ﬂ]\ﬁ L1); residues 49-55 of SEQ ID NO 331 (CDR-L2);
resi duetd 88-96 of SEQ I D NO 331 (CDR-L3); 25residues 23 -33 of SEQID

NG: 332 1), i eift Ccording to ri ain d 88- 96
of SEQ ngﬁéb:%) ThEﬁﬁ&g{ﬁ& %I’gegl:%l gféS&%Q9§ %M(%?h &@Rﬁ%?%:%:; eSC::)RuE?.)

resi dues 49-55 d@mgw@OPltbnN@S%@O@emlW? frowéﬁsﬁg&&@gor@%ﬂ@@f 611111@%& D NO 333
(CDR-L3). 3096. kagabéRadhtagmih alieinmac Mhbdd@ntttnt Gndidin 95, wherein said

bi ndi ng protein conprises at |least 3 CDRs. 97. The binding protein according
to claim96, wherein said at | east 3 CDRs conprises a variable domain CDR
set sel &ct e@0f r ditee binéngyrrowip a@onsie $t dlang 1 of wheBHMadALR cBDRnBehoglobulin

COR HI: resi dues L0 GEQD ML, dg@&&@tad@;@ U0z 830 011SEQ 1 D

CDR- L1: resi dues Sg@ems%E%iDgQ@ | D NO 113 CDR-L2:residues 49 -55 of SEQ ID
NO: 113 5CDR- L3: resi dues 88 -96 of SEQ | D NO: 113 VH A10. 3 CDR Set

NG a6 Con. T aBF mie Sue R Ega Be N N S TS ey By o

CDR- L1: 2Esi dues @8nB38iofoSEQid DuND B2ntGDRLR1 lesiitwesrids: sbb ok SEQ | D
NO 327 CDR-L3: r & +96 of SEQ I D NO 327 VH AL0. K30 CDR Set

SR HL r s usahgesss ?]%gEQ ID NO 317 CDR- H2:residues 50 -66 of SEQ ID
NGO 317 CDR-H3:residues 99 -108 of SEQ I D NGO 317

122.  The binding protein according to Claim 94 wherein said binding protein is selected from
the group consisting of: an immunoglobulin molecule, an scFv, a monoclonal antibody, a
25 human antibody, a chimeric antibody, a humanized antibody, a single domain antibody, a
Fab fragment, a Fab' fragment, an F(ab'),, an Fv, a disulfide linked Fv, a single domain
antibody, a diabody, a multispecific antibody, a bispecific antibody, and a dual specific
antibody.

30 123.  The binding protein according to claim 122 wherein said binding protein is a human

antibody.

124. 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
35 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;
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VH A10. K42 CDR Set CDR-Hl:residues 31 -35 of SEQ ID NO 318

20CDR- H2: resi dues 50 -66 of SEQ I D NO 318 CDR-H3:residues 99 -108 of SEQ ID
NO 318 VHvODR0119A5%6DR Set CDR- Hl:resi dues 31 -35 of SEQ PDTNS2@2947006

CDR- H2: resi dues 50 -66 of SEQ I D NO 319 25CDR- H3: resi dues 99 -108 of SEQ ID
NG 319 VH Al10. 8A CDR Set CDR-Hl:residues 31 -35 of SEQ I D NO 320

CDR-H2: residues 50 -66 of SEQ I D NO 320 CDR-H3:residues 99 -108 of SEQ ID
NO 320 3OVH ALO ol Ay GBI SRA vy CORmA el diescdlondBe @lecSERM e MOL321

CDR- H2: resi dues 50 -66 of SEQ I D NO 321 CDR-H3:residues 99 -108 of SEQ ID
NO 321 VH A10. 55°¥i¥%Set 35CDR- HL: resi dues 31 -35 of SEQ | D NO 322

CDR- H2: r esi dues SEQ IP&@&SOFEGHINOR 1 NO3 B2 21 7CDR; HS; 2eskdues 399324108, okl SEQ | D
NO 322 VH Al0. 3A Set CDR-HL:residues 31-35 of SEQ I D NO 323

CDR- H2: r esi dues % of SEQ I D NO 323 CDR-H3:residues 99-108 of SEQ ID

NO 323 5VL A10. 3AICBRbSEighCRRe Ihying & ahiecsac@3eq@@nce felGROTPMIREBB0

CDR- L2: resi dues 061%155150, of SEQ I D NO 330 CDR-L3:residues 88-96 of SEQ ID

NO 330 VH A10. 6B CDR S - resi dues 31-35 of SEQ I D NO 324

CDR- H2: r esi dues S@@—I@é\l% 1@E67i :Bgi@ﬁﬁ 3EPRII8YES| dues 99- 108 of SEQ I D

NG 324 VL Al10.6B CDR Set CDR-L1:residues 23-33 of SEQ ID NG 331

15CDR- L2: re |du 55 of. SEQ .1 D .3 reS|du 8 96 . SEQ I D
NG 331 VH AZS e ey S Dt g T E R TR e 4 e
CDR- H2: tsi dues IBOWBS of SEQ I D NO 325 20CDR- H3: resi dues 99-108 of SEQ ID

NO 325 VL Al10. 3D CDR Set CDR-L1:residues 23-33 of SEQ ID NO 332

CDR- L2: resi dues 49-55 of SEQ ID NO 332 CDR-L3:residues 88-96 of SEQ ID
NO 332 The binding protein according to any one of Claims 94-125, wherein the binding protein

is capable of blocking DLL4 interaction with a Notch protein 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
blocking DLL4 interaction with Notch-1 and Notch-4.
128.  The binding protein according to Claim 126, wherein the binding protein is capable of
20 blocking DLL4 interaction with Notch-1.

129.  The binding protein according to claim 126, wherein the binding protein is capable of

blocking DLL4 interaction with Notch-4.

25 130.  The binding protein according to any one of Claims 94-125, wherein the binding protein
is capable of modulating a biological function of DLLA4.

131.  The binding protein according to any one of Claims 94-125, wherein said binding protein
is capable of neutralizing a DLL4.
30
132.  The 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
DLLA4.

35 133.  The neutralizing binding protein according to Claim 131 wherein said neutralizing

binding protein diminishes the ability of DLL4 to bind to its receptor.
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25VH Al10. 4C CDR Set CDR-Hl:residues 31-35 of SEQ ID NGO 326 CDR- H2:residues
50-66 of SEQ I D NO 326 CDR-H3:residues 99-108 of SEQ ID NGO 326 VL Al0.4C
CDR Set 390DRRHLRsY6@si dues 23-33 of SEQ | D NO 333 CDR- L2Prcegdisdues4786 55 of
SEQ I D NO 333 CDR-L3:residues 88-96 of SEQ ID NO 333 VL A10145 CDR Set
CDR- L1:residues 23-33 of SEQ ID NO 328 35CDR-L2:residues 49-55 of SEQ ID
NG 328 CDR-L3:residues 88-96 of SEQ I D NG 328 VL A10173 CDR Set

CDR- L1:resi gyes 123n38a10fne SE@n Poma&%%i%m&: 1B eFhAUL HiARndziRf iRk | D

NO 329 CDR-L3:residues 88-96 of. SEQ I D NO 329 5 98. The binding protein
according to cl &MY PEYHNPUFRG AP PRE¥E o vari abl e domai n CDR sets.

99. The binding protein according to claim98, wherein said at |east two

vari abl e domai n . ar t f r : [ Sk of : VH A10
COR Set - and oL AT R B RbEp Rl e LM R G SBEL

A10. 3A CDR Set ahdingproginchagadige¢iatioykpnadid (6B s@oRd Sem therptouyconatdedB atet ; 15
VH AL0. 3D CDR Sgiosabhs Vi’ L0 3R CRR 38 at Mbdt AbR: EVCRRSIoANG " W 1ALO. 4C
CDR Set; VH A10.K30 CDR Set and VL A1Q0.3 CDR Set; ,VH Al10. K42 CDR Set and VL
A10.3 CDR Set; WIYSKPORt 30 CReigatst shagt 1O Mato# 5otk 8bt; 20VH AL10. 3 CDR Set
and VL A10173 CDR Set; VH Al10.9A CDR Set and VL A10.3 CDR Set; VH Al0.8A
CDR Set and, VL 0.3 et.. VH A1Q. 14 Set,. and VL .A10. 3. CDR Set; and
UH ATO. 5D CBR ST AL e RIGme MR “atihege g oL H bR s i

accordi Hy to anyindime pofeinCiaginme @dseBgied frun thherugompsting phef lasthbema ) Mc cept or
framework. 101. 1fhg 1Qingipernret fidsa6mPIEUNG; Q&L A0, Waerglsn sai d
human acceptor framework 30conprises an am no acid sequence selected from
the group consi $PPHY YfS - heavy chain acceptor framework sequences SEQ I D
NCS: 6- 22, heavy chai n acceptor sequences SEQ I D NOS: 35-62, |ight chain
acceptor seguences SEQ I D : 23-34 ad | i.ght _chain acce r. sequences SEQ
D NOS. 6308 - 3578 B3 g PBIRE P ok SRR SRR B e ST o or |l ai m
101, whétei n saibthdhmgmarirdeceptfonte fdare fwon khegonprinsiesgaf: al reasibowre’sf' r amewor k
regi on amino acidgphiatd bl Ao YRGS -0 LGy ABLOG. 2RI Sequence of the
framework is at least 65% 1 dentical to the sequence of said human acceptor
framewor k and conprising at least 70 amno acid residues identical to said
human acceptigr fA @FERIBMing pHR7. cHfriskigRBindEg PRl RyaseOr@iingod p37¢l ai m 101,
wherein said human acch.tEir f r amewor k cgng)r(; sesblaltg Ileast one framework

regi on amino acidSUEEE PPURS PRCGES QUREFERIHEEY Bald key residue sel ected
fromth2 group consisting of: a residue adjacent to a CDR a gl ycosyl ation

site resi dugy 104, LAGR HhbHRIn @ clufih SEHEAPARLEAbi LS AELENGN Th human

the group consisting of a radiolabel, an enzyme, a fluorescent label, a luminescent label, a

bioluminescent label, a magnetic label, and biotin.

25 140 The labeled binding protein of claim 139, wherein said label is a radiolabel selected from

the group consisting of: 3 H 14C, 338, 2%y, #Tc, Mn, 121, Bl "Ly, Ho, and '**Sm.

141.  An antibody construct comprising a binding protein described in any of Claims 94-137

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

30
142.  The antibody construct according to claim 141, selected from the group consisting of:
an immunoglobulin molecules,
a monoclonal antibody,
a chimeric antibody,
35 a CDR-grafted antibody,

a humanized antibody,

a Fab,
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a canoni cal residue; a contact residue between heavy chain variable region
and |ight chain variable region; 15a residue within a Vernier zone; and a
resi due iwoaoriggswa t hat overl aps between a Chot hi a- def iPoed/Se@vioatwhe heavy
chain CDRI and a Kabat-defined first heavy chain framework. 104. The bi nding
protein according to claim103, wherein key residue selected fromthe group
20 consisting of: 2H, 4H, 24H, 26H, 27H, 29H, 34H, 35H, 37H, 39H, 44H, 45H,
47H, 48H, 49H, 50H, 51H, 58k, 59H, 60H, 63H, 67H, 69H, 71H, 73H, 76H, 78H
91H, 93H, 94H, 2L, 4L, 25L, 29L, 27bL, 33L, 34L, 36L, 38L, 43L, 44L, 46L
47L, 48L, 49L, 55L, 58L, %5ﬂ?b64L, 71L, 87L, 89L, 90L, 91L, 94L, 95L

25105. The binding proteinalccording to claim104, where the binding protein
is a consensus human vari iR, 106. The binding protein according to
claim94, where said bind?%%ﬁﬁggﬁgﬂﬁwconprises at | east one variable domain
havi ng an am no aci d sequew€e sel ected fromthe group consisting 300f: SEQ
| D NCS: 112, 113, 316, 327aﬁ§§;bn§g§mﬂ§ég, 320, 321, 322, 323, 330, 324,

331, 325, 332, 326, 333, 328, and 329. 107. The binding protein according
to claim106, wherein sai #4#°Ni ng protein conprises two 35variabl e

domai ns, wherein said twoaMariipadifieandgiani Nns have am no aci d sequences

sel ected fromthe group CO@%&?&%&%<@%& %%E}ID NCS: 112 and 113, SEQ I D NOS

- 316 and 327, SEQ I D NOS: 374 And “330°°"6EY I D NOS: 324 and 331, SEQ ID

NOS: 3251&nd 332, and SEQ 4 ispRid8: @88&dand 333. 108. The binding protein
according to claim 104, wherein said binding protein conprises at 5| east
one variable domain having an am no acid sequence selected fromthe group
consi sting Yf: SEeytippdyegistrye sccordipgto ol 141gphereinspid anbody copgigict 300, 321,
322, 323, 330, 3I2dprisdIlhead2hain B3dnoddAlin @3Rant SodGin @AREed 2 thd @8up The bi ndi ng
protein according t c%ain195 wherein said antigen binding domain
10conpri ses a VH - "1%F" The binding protein according to clai m 109 wherein
sai d VHixonpri ses an am nohaehttMegsiendenasel| ect ed from the group consi sting
of : SEQ I D NCS: 112, 316, Bilufnan Rk combi domad; 321, 322, 323, 324, 325, and
326. 15 111. The binding protein accord%ng.io claim 95 wherein said antigen
bi ndi ng domai n conpri ses @hwian lgfPzonstridoprifdi ng protein according to claim
111 wherein said VL conprisesn&tiadisae ®ehid, 20sequence sel ected fromthe
group consisting of: SEQ ID N?E¥%13’ 327, 328, 329, 330, 331, 332, and 333.
113. The binding protein 4ECEF ERGOFE"I°ERHh 95 wherein said antigen bindi ng
domai n 2onpri ses a VH andalamnihIgE cedstnt dblmginbi ndi ng protein according to
claim 112 further conpri sj in.said VH conprises an am no acid
sequence sel ected fron1th%ﬂ%?gﬁ%t%%ﬁﬁgg%ﬁﬁb of: SEQ ID NOS: SEQ I D NOCS: 112,
316, 317, 318, 319, 320, Bg1lzBapstangdgnaigpgant FPHoneghgorg piatiqupsltermye bi ndi ng
protein according to clai g0 Whelab e b Mec kPRI S8S redRioATbtQaci d
sequence selected fromthe group consisting of: SEQID 113, 327, 328,
329, 330, 331, 332, and 333. 35116. The binding protein according to claim
95, furtherl4gonpht sitinglyaodseay yecakiap o damidioginglsihg 41 inonsigwhilindomsann
selected fromthe group consi sti of ; h n lgM.co L @ human
oGt constant dogBr AT BRSSP TR GO AL ATl ROTSE et ant
domai n; a human IPHEB. EBQSP akx4. JERHEP NO:Saarkdgpmbindtig teeaeét ant donmmi n and a
human | gA constant domain. 117. The binding protein according to claim 117
wherei n said heavy chain i munogl obulin_5constant region domain is a human
| gGL const alff: ddHePiPod L8Ieah it HG ot ©rtdes drdibig ™SR I m 117
wher ei n3sai d hunraBreing4l atiGOE caitrud @B iza o PRI thSHsutR It AMvt@dd ders.equence
selected fromthe group consisting of SEQ 1D NO 2 and SEQ ID NO 3. 10 119.
The binding protein according to claim95, further conprising a light chain
i mmunogl obul4on dbnsttigerty codoreicrt Seinetd eehefapmdtirepeptionpryporsiagini ng of : a
human | g kappa GORS&aRMm HOFRIHRoRREn I TRDmkEbLRAMRdA, GoNsEapt, domai n.
15120. The binding protein according to claim 119 whefein said |ight chain

i mrunogl obul i n CBHEYATSTPER fEIAT HBHRNS. IS HNgETC ASEUCAPHEEYN$ERRE domai n
conpri sNg am nandetdliscQuenaeanshuid pai4. 121. The binding protein
according to claim 119 wherein said |light chain inmunogl obulin 20const ant
region domain is a human I g | anbda constant domain conprising am no acid
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sequence SEQ ID NO 5. 122. The binding protein according to C aim 94
wherein said binding protein is selected fromthe group consisting of: an

i mmunogl owol2or/aredéecul e, an scFv, a nonocl onal anti body PCa/tR2M0/6eT906

anti body, a chineric antibody, a humani zed anti body, a single domain

anti body, a Fab fragnment, a Fab' fragnment, an F(ab')2, an Fv, a disulfide

| i nked Fv, a single domain antibody, a diabody, a nmultispecific antibody, a

bi speci fic anti kodyla@ndidc gbupéncom@@b&ygep@d&tsu&@@ﬁomamg%&pmﬁmmmlang

protein accordin | ai m 122 mhereln s i ndi n otein_is a human
anti body. 124. Bpwaﬁ?eﬁgmwsaﬂtgé. RV é?f&”b‘faﬁa W OBl.alﬁdwlﬁge Rt yrialg g

bi ndi ng prOtein(bﬁﬂ@hMﬁﬂ@@on@mnbgHﬂGDRHﬁnﬁCDR&MymmﬁQHOH3hﬁ%“ﬂ@ﬁam anm no
aci d sequence s and SEQ
D NG 37 an g SuiEeaaeoPan BB R LMD AL, SRR M S Cored
from t he’ group copslegiingy cofpriSEQ (DHN@QICCQBCMSE@)RDU@&QDW g variabl e
heavy regi on haviQghed i @R &%k@mﬁﬁﬁﬁﬁ&ﬁﬁmﬁﬁgﬁ%hﬁg fromthe group
consisting: SEQ ID NOS: SEQ i D NOS: 112, 316 318, 319, 320, 321, 322,
323, 324, 325, and 326; and 5an Ig variable Iight region having an am no
aci d sequenge. sel echednifion delagd augkicolst®tdinggs CBnQ47D NOS: 113, 327,
328, 329, 330, 331, 332, and 333. 125. The binding protein according to
Claim 124, wherein the I g constant light region is SEQ 101D NO 5. 126. The
bi ndi nglpr otdei n Thcewrdpifgaind 4anheranaidofect@ iajclvste@ion] 26 growhenesting the bi ndi ng
protein is capa f th a Notch protein

sel ected fron1t2%§§$ogg‘conS|sFEE3ﬁ%¥Bk§Pﬁﬁ&igﬁﬁ%ch 2, Notch-3, Notch-4,
and conbi nations thereof 15 127. The bi nding protein accordlng to Caim
126, “herelﬁoth@xﬁkﬂgﬂaﬂqﬁ& £l ddiol Rc&@RARBLE G B 1Rek Pl | nteraction
with Notch-1 and Notch-4. 128. The binding protein according to Cl aim126,
wherein the binding protein |s capabl e of 20bl ocking DLL4 interaction with
Not ch- 115 1201. Thae bisndil A@ofdm@tedldimasE ahettingpid isledismphblGyotiahar. ei n t he

bi nding protein is capable of blocking DLL4 interaction with Notch-4.
25130. The bi nding protein according to any one of Cainms 94-125, wherein

t he bi ndi ngl5gr otTép host wll eepalivis o dfimAdd whetin srid sty lsdgiteadhidfaatict i on of DLL4.
131. The binding protein according to any one of Cainms 94-125, wherein
said binding protein is capable of neutralizing a DLL4. 30 132. The
neutral i zi n% 3hi rde Ayt Cﬁ}laiceﬁdwg&t%md%ghfranéal%lfq%ﬁczléﬁ aiiepsiceelai d DLL4 i s
sel ectegh fromthe group consisting of: human DLL4 nouse DLL4, cynonol gus
DLL4, and r t, 3. The neutr bi £co ding to
Qs 131 viidr el e b R AR o AP R A B B R R BE I "t 1 oy
of DLL4 to b|ndgﬁmppmsmmg©épm0mmcMMﬁQ@mmﬂOQB@@ﬂP@HVu@zm&&ﬁ@dVOOG 134. The
neutralizing binding protein according to claim131 wherein said
neutralizin blndlng protein is capable of reducing normal anglogene5|s
135. The ne%ﬁr allih %h%bceBﬁwaﬁdwgwp%@é?%Wa@@wad#w@artf%we?ﬂdﬁ?ﬁ%&a Shherein said
neutral pzi ng Sbisaeitdagroprted @bup cBRStidk B aSE@dGhaBlid @M, a6 @NGL @Mtand &sc&biect ed
fromthe group consisting of: at nost about 1017 M at nost about 10-8 M
at nost about 10-9 M at nobst about 10-19 M at nost about 10-11 M at nost
about 10- 1215k} aheh@t cetrogbrdb@+0l@dun 1318 Gherdih snidieutmaian gdllnge GiMdiling pr ot ei n
according to claim 131, wherein said neutralizing 10bi nding protein has an
on rate selected fromthe group consisting of: at |east about 102M |s-1,;
at |east abbdt 10SMs1esl sccoring edkin 1ahyheren gudmasnaion el iy w6 celibout

105M 1s3dl; and at |east about 106M1S-1. 137. The neutralizing binding

protein accqrdi a|n113 sald . i 15bi ndi ng protein
has an of f Ph e”@aﬁ%%ehacw g Sulraa sty Bfhier frdfonigt "about
10-3s-1; at most™“abolit 10-4s-1; at nost about 10-5s-1; and at nost about
10-6s-1. 138. A | abel ed binding protein conprising a binding protein of any
one of O aifg 94mlRk ceW@&Fn@ﬂn@ t@@dnq 1?5 QeiRE s BLeBi A Is3n §OREMGated to a
detectabl e l'abel. 20 139. Theé | abel ed binding protein of Caim 138, wherein
the detéttable |abel is selected fromthe group consi sting of a radiol abel,
an enzyme, a fluorescent |abel, a |um nescent |abel, a biolum nescent

| abel , a magnetic |abel, and biotin.
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25140The | abel ed binding protein of claim 139, wherein said |abel is a
radi ol abel selected from, 14C 35 s,,,, 90y 99Tc 1111n 1251, 1311, 177Lu,

t he groupwoansiveséeng of : 3H,n and 153 SM 141. An anti lpetiguSca@nss 106 t
conprising a binding protein described in any of Clains 94-137 and further
conprising a linker polypeptide or an immunogl obulin constant domain. 30
142. The anti body construct according to claim 141, selected fromthe group

consi sting @h: @nmétmmggh&blgIalbmdlﬂgb@@wt@sbm@ WRAOSLION&Impaltd Rathhe a
nti body, a hu nlzed ant1 bo a Fab, a

l(;glbn‘tsl‘ IaC F?Q.E)I ?gdlyeéloﬁ&gl(%o Eg (;[laelrgls 50 159 macultué’e 45 1{51]111111 geor 1tH)|‘2% gqy_ev:-nt 5a
scFv, a singl e dopraduie avitdilpqdyein datthiralbbehyan DALLAUI t 1 speci fic anti body, a dual
speci fic antibody, and 10a bispecific antibody. 143. The anti body construct
according to claim 141, wherein said antibody construct conprises a heavy
chai n i Munég! obubindingueigt praduceineeirdingte thegtetdd phrcm i ¢fe gr oup consi sting of :
15a human | gM constant domain, a human I gGlL constant domain, a human | g&
const ant donaln a human 1gG3 constant domain, a human | g&4 constant
domai n, 20al ﬂunﬁh“Y 1284 %ﬁ?mﬂﬁﬂﬁﬂﬁmn%?mﬂﬁﬁﬁﬂwﬁﬁﬁﬁﬁﬂ@¥ {0y Phi n, and a
| gG const ant donnmmswannamﬁnmnbhbmﬂﬁgpmwﬁnﬂemayi@mmmns altering b|nding
strength to Fc neonatal receptor, Fc gamma receptors, or Cq. 25144. The
anti body construct according to claim 141, conprising an inmunogl obulin
const ant0 doifdi n Thauiviglizanbiagmgigoteic rdoslag tedkde 16k Wegtiachid rptal sensiigt i ng of :
SEQ I D NO 2, SEQ.) ah@cémca'iﬁgtrl)ﬁ%d'}ﬁ%aée cry3at? | D NG5, and conbi nati ons
t hereof 145. An anti body conjugate conprising an anti body construct as
described in Caim141, 30wherein said antibody construct is conjugated to
\(;lm t her apeut 1;:16@ ﬁﬁh@bﬁ'@l@ilﬁk}éﬂ Bind@gkeitbtein léb@rdin@hﬁcl@ﬂﬂbi}@ﬁ&elﬁm‘t;iﬁlﬁﬂg@r(ﬁém fdsai m 145,
erein said thera or c romthe group
consi sting of: aﬁmgﬁ{ﬁjﬁgVﬁﬁ‘y&?”;e%ﬁmggﬁ§“§?ﬁﬁgm§§Hﬁngmwl
antibiotic, a growth factor, a cytokine, an anti-angiogenic agent, an
anti-mtotigsagept, &ﬂhz%éaﬂ&hgfpr@t&xgwaﬁg id 02tk oo, ARG R B ARARL A G, agent . WO
2011/ 025964PCT/ US2010/ 047006 147. An isolated nucleic acid encod ing a
pol ypepti de sel édtiedbiflogiH ahetygr oup consisting of: a pol ypeptide conpri sing
a heavy chain variabl e donain, wherein the heavy chain variable domain
conprises o nor e . of as described in
G atm 04, altBol yHEBPTHEn T g T b A Ba (R AL B TRl 1 wher ei n
the light chain 5v@}ahbmﬁmdmmammns@mﬁmnﬁasnommm@mannmahuﬁbﬁﬂEQM@mma CDR- L2,
or a CDR-L3 as des 4 of both
pol ypepti des. 148Z%khgggmggy%%ﬁ%ﬁ%glHﬁqg%%P%%'5%&%%%8 eic acid according
to Caim147. 101490)akestesgrobmends cagieai m 148 wherein said vector is sel ected
fronlthe group consisting of: pcDNA pTT, pTT3, pEFBCS, pBvV, pJV, pHybE and
150. A ell caonprisinpg a vect accor to any .one of Clains 148
and 149. 15%%1 1T oS @ar{ord %Flﬁﬁnnlé V%”‘er&“é?lgno%g‘@mﬁﬁ@%éﬁ POYRIH host cel |

is a prokaryoti eele’ddlfrom 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 (ortho esters), poly

30 (vinyl 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.

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

cyclodextrin, methoxypolyethylene glycol and polyethylene glycol.
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152. The host cell according to claim 151, wherein said host cell is

Escherichia coli. 153. The host cell according to claim 152, wherein said
host cel IwWO=0n/e8d6ar yotic cell. 20 154. The host cell aecoruseeg/otmoel ai m
153, wherein said eukaryotic cell is selected fromthe group consisting of:
a protist cell, an animal cell, a plant cell, and a fungal cell. 155. The
host cell according to claim 154, wherein said eukaryotic cell is an ani nal
cell 25selected fromthe group consisting of: a mammalian cell, an avian

cell, and apn_insect_ cell 156. The host ceII according to claim 155,

wher ei n sai g mrarhBFPUHOCEH SR Samre gEmpRiie the sjeg p1 ad”i*ﬁté“h%%t" “c":“elP"rm%a&@br ding to

cl ai m 155, wher effectis@intbutiteifitia béngiosidel decardingio @& el | . 158. The host cel |

according to claim 154, wherein said fungal cell is Saccharomyces

cerevisiae. 159. The host cell according to claim 155, wherein said insect

cell is an BP9 cepharmacepgerl comppstidigamprfsing thsdinding groingif eki mgofdrlomedh t hat

bi nds human DLL437 GRIMPSHkSa0Gi&H hdE)BG g host cel |l of any one of clainms
150-159 in a culture medi um under conditions sufficient to produce a

bi ndi ng protein that binds human DLL4. 5161. A bi nding protein produced

according tuzthammﬁﬁmmkmmﬂe&ﬁbmn&ﬁﬂcmﬁﬁwoAmmhﬁmmakmm@e&abkmﬂ&mg protein

conprising a b|n otein_ac t ny. o 137, wherein

sai d binding pro %ﬂ%m§§ %?mwa%mFBE?%g ;Tgm%ﬁ%%gg*%gigg%glps %?Edmglndlng
protei nl&ccording to claim162, mhereln said crystal is a carrier- free
phar maceut i 1C7§| %Q%ﬁaﬁhdc@tﬁtcaﬁ @(Lngﬁﬁﬁoncd’fm%ﬁ@ 72, vgt@%m SQI% a&ﬁ‘%’ﬁgﬁként %@éﬂect&lnd' ng
protein according to claim1l wherein said binding protéin has a greater
hal f life in vi VBT baRopKenssie s aeipgsatisdhpaps %taS%gtﬂatOﬁr Aot ei n. 15
l%'65d' The cryst a|nhd16¢ﬂ@blbbk'@ﬁ! dagesmﬁatoauﬂne BE®OE;Ahtgy tdkdne Ghtablody (ﬂr@@m‘udﬁb]lfer ei nhsai d
inding protein.r reta| ns acti vi n for the

Cel ease bf o bi dHERG Brsterigsrar eSsuth Y s Cor GRS s p &

f or mul ati on, mhememmoﬁdmdnmﬂmnmhawagmmconpr|ses a crystalllzed blnding
protein, according to any one of clainms 162-165, and an ingredient; and (b)

at | east one polyneric carrier. 167. The conposition according to claim
166, wher ei W4sai/dmpbdyfpraeduging bympan &L actigityompriste cogacingnmag DLEbmitone or
nore of the groyp GRS HRAGNG aRf one Qpélylm(swyﬂsh& R hifhlan RO Yctivity is

(cyanoacryl ates), poly (am no ‘acids), poly (anhydrides), poly

(depsi peptide), ﬁ@‘?’(esters) poly (lactic acid), poly (lactic-co-glycolic

acid) oro PLGA, poly (bhydroxybutryate) pol y (caprolactone) poly
(dloxanone), pol dr oxypr o net hacr yl am de,
bol y [ (or gahs) proEbReTtEN EnglR b RaVEsh &5 R WBE A e ool )
poly (vinyl pyn- ok waddne)L4 am‘hmlscieamwt@ﬂz m@m@g 4dylllmsmr1ng/to tisttyenn gojpolthener s,

pl uronic poI on sbmdgllg PMEHJBfafEJ Bk DEESms 681374886 ARG GEH T 108G, HERINAL I Ves,

col | agen, brin, atin, hyaluronic acid, oligosaccharides,

glycanlnoglycan§ul%%ﬁf%W@@ pol yeacchari des, blends and copol yners ther eof

35168. The conposition according to claim 166, wherein said ingredient is

selected fr the consi sti.ng. of .al bum rehal ose,

oot ol geat oGP BRSSP e i Bior b R RS BORVER byt ene

gl ycol and pol yetbﬂttylbmadéy gdmyicietbring169¢ subjepmeliehading protetir atyi qmgowlmmw
conprising the %B?Qm@fmﬂgﬂhgh%HS&&B% to the mamal an effective anount of

the conposition accorglng to claim 166. 5170. A pharnaceutical conposition
conprising the binding protein of any one of Clains 94- 137, and a

phar macewt i gal | yrnage@ft @&lagn %r\{fﬂe%ﬁn said WkSrder I \RIcRRPEIRGE bibiF@hsi@i@amosi t i on
of claim 170 mhlch furthek rises at |east one addltlon%P(WBerapeutlc
agent for treatihg™ 587 sGPAEF T o HHI BT OLTEL2BER PYPHAPY T &0t PP

173. The phar naceuti eaphageiposi, ttoomwhoince] @hiral ddcervitver @hdar, salbddaddi t i onal
agent i's sel ect o[ QM 0% 0L 0N GRRSISHIN0. Al 3091 RYCRESL Sl ILET LoT S:

ki nase inhibitors; ¢o-st il at 1 on nol ecul e bl 0ck kers; esl f'ecul e

bl ockers; anti - @yrtcetktnﬂieg@tﬁtlﬁlb@dgpcwenﬁ%ﬁ@q §lavd ggncéry Sétglmmr tqﬁ@n@@ﬁas

met hot r exat e;  COkddGRR! @FOhASraif ¥EloRSROE daR&r, of ARAIY Génhiged RO s01i@N
15non- st er oi dal antl-lnflannatol¥ﬂa gents. 174. netho§ for reduci ng human

DLL4 activity cOHyFtSImerEyReise é‘lahﬂ?ta%mﬂfte&aswet R RS BAHUFHE Pr ot ei n of
any one of C ai nBen@4rhhdrhtsdathritid)atbitiple sadosil didera@ctdratictplaqies, Gr@alddBehse, 175. A
met hod for reducing human DLL4 activity in a human subject suffering froma
di sorder in which DLL4 activity is detHlnental, conprising adninistering to
t he human subject the binding protein of any one of Cains 94-137 such that
human | L-17 activity in the human subject is reduced. 176. A nethod for
treating a subject for a disease or a disorder in which DLL4 activity is
detrinmental by adm nistering to the subject the binding protein of any one
of Clalns 94 137 such that treatnent |s achleved 30177 The nethod of
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tunmors from hemat opoi eti c mal i gnanci es, tunor netastases, ocul ar
neovascul ari zati on, edema, rheumatoid arthritis, multiple sclerosis,

at her osclwoneotvesphaques, Crohn's di sease, inflammat oryPoDmEskoidios®ase,
refractory ascites, psoriasis, sarcoidosis, arterial arteriosclerosis,
sepsis, peptic ulcers, burns, and pancreatitis, polycystic ovarian disease
(POD), endonetriosis, uterine fibroids, benign prostate hypertrophy, and

ot her angi ogenesltfﬁmma@%nﬁn%tttasarﬂétra@e@ett%sntsoﬂtsﬁebaeelaoscshﬁfeﬁat erized by
abberant DLL4 5acti vit 178. The qethod accord Claim 177, wherein the

disorder is a prTFREFSe HH“H%%%?P%E %SEﬁﬁc@mefﬁf;§I?H@WW%PHBH“%@§%rd|ng to
Claim1l77, mherQP@DLhebmnnm&nymmeﬁmbﬂcanﬂ@nmmanﬂ@hﬁmmeﬂaﬂimm&the group
consisting of r r.ot er. 180. The
met hod accordlngﬂgéegﬁgﬁ%qugkéhga% (%ﬁ%%&m gﬁ%c%nagﬁ F%%ﬁbﬁggg cancer IS
sel ect ed from t ketivgfr-oup consi sting of cerV|caI cancer, uterine cancer,
ovarian cancer, 15choriocarcinona and gestati onal trophoblastic di sease.
181. The net hod accordlng to aim177, wherein the male genital tract
cancer is sgﬁecteﬁmFP%HWFﬁ%mﬁPgﬁﬁncUn§F§??W@]SF“ﬁﬁésPE%@aHEﬁG@P“CsenlnaI
vesi cl es cancer afcesti cul ar cancer, and germcell tunor. 20 182. The mnet hod
according to Claim177, wherein the endocrine gland cancer is selected from
the group consisting of thyroid cancer, adrenal cancer, and pituitary gl and
cancer . 100.83L79Th&hpetthobicard s tdiClign { ¢, Chadimihd Frharythetrcaicr it fvecisdirootm i s

sel ect ed fr0”1t@ﬁmE&%&Qn%%@&ﬁﬁbﬁ&&ﬁﬁﬂ@&cﬁmQQﬁﬁuéﬁ&ﬁﬁﬁamwﬁ soft tissue
sarcome, and Kaposi's sarcons. . The nethod according to Caim 177,
wherei n the meni nges cancer is selected fromthe group consisting of an
astrocyt omagoa g|hb 9BBod a%c@dhhg)tbb&&h (DTV@.wh@enﬁ ot feﬂ@i@lgaﬁtanfﬁat caite1€4(c0R®, a

neur obl ast oma, qi Q " q % ona The met hod
according to O alm ﬁgmmﬁﬁgflmﬁ)fﬁwcs8nc ‘t“h%?m? 8W¥mnﬁmﬁﬁtop0|etlc

mal i gnaity i s a chekermaena, adldodgkiahtrephdbduskediease. a non- Hodgki n' s | eukem a, a
| ynphorma, a Hodgkin's |ynphoma, and a non-Hodgkin's | ynphomas. 35186. The
met hod according to Caim 177, wherein the ocul ar neovascul arization is

sel ected friom t Hée gebefrcewtiag e Clamg L OF whireibBe mele genitpldisesancerss esttfhopat hy, an
age-induced mac tﬂoalrthéi@@@rteﬁs@ﬁtmpmmslc@cerr,tteﬁﬁeivssiclel%cerAegﬁetlmamet treating
a patient suffer|$g om a di sorder in which DLL4 is detrinmental conprising
the step of adm®f ?%F?Hﬁm?ne bi ndi ng protein of any one of clains 94-137
before,2concurrent with, or after the adm nistration of a second agent,

At body o ??23@%&?@%&%@% B B b, DB Ol IR R P Bt e
an anti body, or Uersgymeensistngef tlﬂ@tmd cepatsira@alohndyi. prdiniy aHused PR

corticosteroids, cyclosporine, rapanycin, FK506, and non- ster0|dal
ant|-|nflannator n
1¥1e mgtﬁoc% according to Claim 177, wherein the sarcoma is selected from the group

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

184.  The method according to Claim 177, wherein the meninges cancer is selected from the
group consisting of an astrocytoma, a glioma, a glioblastoma, a retinoblastoma, a
neuroma, a neuroblastoma, a Schwannoma, and a meningiomas.
30
185.  The method according to Claim 177, wherein the solid tumor from a hematopoietic
malignancy is a leukemia, a Hodgkin's leukemia, a non-Hodgkin's leukemia, a lymphoma,

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

35 186.  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 a rubeosis.
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187. A method of treating a patient suffering from a disorder in which DLL4 is detrimental
comprising the step of administering the binding protein of any one of claims 94-137
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 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.
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