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There I1s disclosed compositions and methods relating to or derived from anti- DLL-4 antibodies. More specifically, there is
disclosed fully human antibodies that bind DLL-4, DLL-4-binding fragments and derivatives of such antibodies, and DLL-4 -binding
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polypeptides comprising such fragments. Further still, there I1s disclosed nucleic acids encoding such antibodies, antibody

fragments and derivatives and polypeptides, cells comprising such polynucleotides, methods of making such antibodies, antibody
fragments and derivatives and polypeptides, and methods of using such antibodies, antibody fragments and derivatives ana
polypeptides, including methods of treating or diagnosing subjects having DLL-4 related disorders or conditions, including various

Inflammatory disorders and various cancers.



WO 2014/062245 A3 |||} A0 00RO R AR

(43) International Publication Date

CA 02874979 2014-11-26

(19) World Intellectual Property
Organization
International Burecau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2014/0622435 A3

24 April 2014 (24.04.2014) WIPO I PCT
(51) International Patent Classification: (72) Inventors: GROS, Edwige; 967 Beryl Street, San Diego,
CO7K 16/22 (2006.01) CI12P 21/08 (2006.01) CA 92109 (US). ZHANG, Yanliang; 10945 Corte Mejill-
A61K 39/395 (2006.01) ones, San Diego, CA 92130 (US). ZHOU, Heyue; 10936
(21) International Application Number: anf?fgéfs‘m Dl.egg;r Cf\s%l[z).é (U%)A g;g%lgn

PCT/US2013/042912 Y CQUOTE SHEEL, Sdll LSO, '
(22) International Filing Date: (74) Agent: OSTER, Jeffrey, B.; Sorr.ento Therapeqﬂcs Inc.,
28 May 2013 (28.05.2013) 6042 Cornestone Court West, Suite B, San Diego, CA
T 92121 (US).

(25) Kiling Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
o | AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(90) Trioxity it BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(71) Applicant: SORRENTO THERAPEUTICS INC. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,

(34) Title: ANTIGEN BINDING PROTEINS THAT BIND DLL-4

[US/US]; 6042 Cornerstone Court West, Suite B, San
Diego, CA 92121 (US).

KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

[Continued on next page]

(57) Abstract: There 1s disclosed compositions and methods relating to or derived
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Fig 1A. Binding of various anti-DLL4 antibodies to Cell Surface DLL4 Protein,
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Fig 1B. Binding of selected anti-DLL4 antibodies to Cell Surface DLL4 Protein,
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ies, and DLL-4 -binding polypeptides comprising such fragments. Further still, there
1s disclosed nucleic acids encoding such antibodies, antibody fragments and derivat-
1ves and polypeptides, cells comprising such polynucleotides, methods of making
such antibodies, antibody fragments and derivatives and polypeptides, and methods
of using such antibodies, antibody fragments and derivatives and polypeptides, mn-
cluding methods of treating or diagnosing subjects having DLL-4 related disorders
or conditions, including various inflammatory disorders and various cancers.



(84)

CA 02874979 2014-11-26

WO 2014/062245 A3 |00 0000 VL R

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, Published:

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
/W,

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TQG).

(83)

with international search report (Art. 21(3))

before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

with sequence listing part of description (Rule 5.2(a))

Date of publication of the international search report:
9 October 2014



10

15

20

25

30

CA 02874979 2014-11-26

WO 2014/062245 PCT/US2013/042912

Antigen Binding Proteins that Bind DLL-4
Technical Field

The present disclosure provides compositions and methods relating to or derived from
anti-DLL-4 antibodies. More specifically, the present disclosure provides human antibodies
that bind DLL-4, DLL-4-binding fragments and derivatives of such antibodies, and DIL1.-4-
binding polypeptides comprising such fragments. Further still, the present disclosure provides
antibodies, antibody fragments and derivatives and polypeptides, and methods of using such
antibodies, antibody fragments and derivatives and polypeptides, including methods of
treating or diagnosing subjects having DLL-4-related disorders or conditions.

Background

Cell-to-cell communication 1s required for many biological processes such as
differentiation, proliferation, and homeostasis. One system utilized by a wide range ot
cukaryotes 1s the Notch-signaling pathway. This pathway, especially the Notch receptor, 1s
also critical for functional tumor angiogenesis. Thus, inhibition of Notch receptor function,
blockage of the Notch receptor, and/or blockage of the Notch-signaling pathway are potential
strategies for anti-cancer compositions and therapies. Small molecule inhibitors of the Notch
receptor have proven to be toxic because they suppress wild type (normal) tissue expression
of Notch receptors throughout the body. Thus, different members of the Notch-signaling
pathway should be considered as potential targets for therapeutics.

A vasculature ligand for the Notch receptor 1s Delta 4 or Delta-like 4 (DLL-4).
Largely expressed 1n the vasculature, DLL-4 1s critical for vascular development (Yan et al.,
Clin. Cancer Res., 13(24): 7243-7246 (2007); Shutter et al., Genes Dev., 14(11): 1313-1318
(2000); Gale et al., Proc. Natl. Acad. Sci. USA, 101(45): 15949-15954 (2004); Krebs et al.,
Genes Dev., 14(11): 1343-1352 (2000)). Mice heterozygous for DLL-4 are embryonically
lethal due to major defects in vascular development (Gale et al., Proc. Natl. Acad. Sci. USA,
101(45): 15949-15954 (2004); Duarte et al., Genes Dev., 18(20): 2474-2478 (2004); Krebs et
al., Genes Dev., 18(20): 2469-2473 (2004)). The expression of DLL-4 can be induced by
VEGF (Liu et al., Mol. Cell. Biol., 23(1): 14-25 (2003); Lobov et al., Proc. Natl. Acad. Sci.
USA, 104(9): 3219-3224 (2007)). In sum, DLL-4 can negatively regulate VEGF signaling, in
part through repressing VEGEFR2 and inducing VEGFR1 (Harrington et al., Microvasc. Res.,
75(2): 144-154 (2008); Suchting et al., Proc. Natl. Acad. Sci. USA, 104(9): 3225-3230
(2007)). Exquisite coordination between DLIL4 and VEGEF i1s essential for functional

angiogenesis.
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In addition to 1ts physiological role, DLL-4 1s up-regulated in tumor blood vessels
(Gale et al., Proc. Natl. Acad. Sci. USA, 101(45): 15949-15954 (2004 ); Mailhos et al.,
Differentiation, 69(2-3). 135-144 (2001); Patel et al., Cancer Res., 65(19): 8690-8697 (2005);
Patel et al., Clin. Cancer Res., 12(16): 4836-4844 (2006); Noguera-Troise et al., Nature,
444(°7122): 1032-1037 (2006)). Blockade of DLL-4 potently inhibited primary tumor growth
in multiple models (Noguera-Troise et al., Nature, 444(7122): 1032-1037 (2006); Ridgway et
al., Nature, 444(7122). 1083-1087 (2006); Scehnet et al., Blood, 109(11): 4753-4760 (2007)).
The 1nhibition of DLL-4 was even effective against tumors that are resistant to anti-VEGF
therapy. The combinatorial inhibition of both DLL-4 and VEGF provided an enhanced anti-
tumor activity. Interestingly, unlike VEGF 1nhibition that reduces tumor vessel formation,
DLL-4 blockade leads to an increase 1n tumor vasculature density wherein the vessels are
abnormal, cannot support efficient blood transport, and are effectively nonfunctional. Thus,
DLLA4 provides a potential target for cancer treatment.

Interactions between Notch receptors and their ligands represent an evolutionarily
conserved pathway important not only for cell fate decisions but also 1n regulating lineage
decisions 1n hematopoiesis and 1n the developing thymus (Artavanis-Tsakonas et al. 1999,
Science 284:770-776; Skokos et al. 2007; J. Exp. Med. 204:1525-1531; and Amsen et al.
2004, Cell 117:515-526). It has been recently shown that DLLL-4-Notch1 inhibition leads to a
complete block in T cell development accompanied by ectopic appearance of B cells and an
expansion of dendritic cells (DC) that can arise from Pro-T cell to DC fate conversion within
the thymus (Hozumi et al. 2008, J. Exp. Med. 205(11):2507-2513; Koch et al. 2008, J. Exp.
Med. 205(11):2515-2523; and Feyerabend et al. 2009, Immunity 30:1-13). Thus, there 1s
accumulating evidence that Notch signaling 1s critical for the determination of cell fate
decision from hematopoietic progenitor cells. Furthermore, a feedback control of regulatory
T cell (‘Treg) homeostasis by DCs in vivo has been shown (Darrasse-Jeze et al. 2009, J. Exp.
Med. 206(9):1853-1862). However, the role of Notch signaling in controlling the origin and
the development of DCs and consequently Treg homeostasis 1s still unknown. This 1s a
question that is clinically important because 1dentitying new methods of inducing Treg
expansion could be used as a treatment for autoimmunity diseases and disorders.

Other DLL antagonists and their uses are disclosed in WO 2007/143689, WO
2007/070671, WO 2008/076379, WO 2003/042236, and W0O/2008/019144. Theretore, there
1s a need 1n the art for therapeutic agents capable of targeting the DLIL-4-Notch pathway and
thereby inhibiting, or even preventing, tumor angiogenesis and growth.

Summary
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The present disclosure provides a fully human antibody of an Ig(G class that binds to a
DLL-4 epitope with a binding atfinity of at least 10°M, which has a heavy chain variable
domain sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the
group consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 5, SEQ ID NO. 7, SEQ ID
NO. 9, SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19,
SEQ ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ ID NO. 27, SEQ ID NO. 29, SEQ
ID NO. 31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO. 37, SEQ ID NO. 39, and
combinations thereof, and that has a light chain variable domain sequence that 1s at least 95%
identical to the amino acid sequences selected from the group consisting of SEQ ID NO. 2,
SEQ ID NO. 4, SEQ ID NO. 6, SEQ ID NO. 8, SEQ ID NO. 10, SEQ ID NO. 12, SEQ ID
NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ ID NO. 22, SEQ ID NO.
24, SEQ ID NO. 26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO. 32, SEQ ID NO. 34,
SEQ ID NO. 36, SEQ ID NO. 38, SEQ ID NO. 40, and combinations thereof. Preferably, the
fully human antibody has both a heavy chain and a light chain wherein the antibody has a
heavy chain/light chain variable domain sequence selected from the group consisting of SEQ
ID NO. 1/SEQ ID NO. 2 (called C3 herein), SEQ ID NO. 3/SEQ ID NO. 4 (called C5
herein), SEQ ID NO. 5/SEQ ID NO. 6 (called C10 herein), SEQ ID NO. 7/SEQ ID NO. 8
(called G6 herein), SEQ ID NO. 9/SEQ ID NO. 10 (called F11 herein), SEQ ID NO. 11/SEQ
ID NO. 12 (called D2 herein), SEQ ID NO. 13/SEQ ID NO. 14 (called E10 herein), SEQ ID
NO. 15/SEQ ID NO. 16 (called F12 herein), SEQ ID NO. 17/SEQ ID NO. 18 (called ES
herein), SEQ ID NO. 19/SEQ ID NO. 20 (called H2 herein), SEQ ID NO. 21/SEQ ID NO. 22
(called A1l herein), SEQ ID NO. 23/SEQ ID NO. 24 (called A2 herein), SEQ ID NO. 25/SEQ
ID NO. 26 (called A11 herein), SEQ ID NO. 27/SEQ ID NO. 28 (called C12 herein), SEQ ID
NO. 29/SEQ ID NO. 30 (called D9 herein), SEQ ID NO. 31/SEQ ID NO. 32 (called E3
herein), SEQ ID NO. 33/SEQ ID NO. 34 (called E6 herein), SEQ ID NO. 35/SEQ ID NO. 36
(called F1 herein), SEQ ID NO. 37/SEQ ID NO. 38 (called 6 herein), SEQ ID NO. 39/SEQ
ID NO. 40 (called F10 herein), and combinations thereof.

The present disclosure provides a Fab fully human antibody fragment, having a
variable domain region from a heavy chain and a variable domain region from a light chain,
wherein the heavy chain variable domain sequence that 1s at least 95% identical to the amino
acid sequences selected from the group consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID
NO. 5, SEQ ID NO. 7, SEQ ID NO. 9, SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15,
SEQ ID NO. 17, SEQ ID NO. 19, SEQ ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ
ID NO. 27, SEQ ID NO. 29, SEQ ID NO. 31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO.
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37, SEQ ID NO. 39, and combinations thereof, and that has a light chain variable domain
sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the group
consisting of SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6, SEQ ID NO. 8, SEQ ID NO. 10,
SEQ ID NO. 12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ
ID NO. 22, SEQ ID NO. 24, SEQ ID NO. 26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO.
32, SEQ ID NO. 34, SEQ ID NO. 36, SEQ ID NO. 38, SEQ ID NO. 40, and combinations
thereof. Preferably, the fully human antibody Fab fragment has both a heavy chain variable
domain region and a light chain variable domain region wherein the antibody has a heavy
chain/light chain variable domain sequence selected from the group consisting of SEQ ID
NO. 1/SEQ ID NO. 2, SEQ ID NO. 3/SEQ ID NO. 4, SEQ ID NO. 5/SEQ ID NO. 6, SEQ ID
NO. 7/SEQ ID NO. 8, SEQ ID NO. 9/SEQ 1D NO. 10, SEQ ID NO. 11/SEQ ID NO. 12, SEQ
ID NO. 13/SEQ ID NO. 14, SEQ ID NO. 15/SEQ ID NO. 16, SEQ ID NO. 17/SEQ ID NO.
18, SEQ ID NO. 19/8EQ 1D NO. 20, SEQ ID NO. 21/SEQ ID NO. 22, SEQ ID NO. 23/SEQ
ID NO. 24, SEQ ID NO. 25/SEQ ID NO. 26, SEQ ID NO. 27/SEQ ID NO. 28, SEQ ID NO.
29/SEQ ID NO. 30, SEQ ID NO. 31/5EQ ID NO. 32, SEQ ID NO. 33/SEQ ID NO. 34, SEQ
ID NO. 35/SEQ ID NO. 36, SEQ ID NO. 37/SEQ ID NO. 38, SEQ ID NO. 39/SEQ ID NO.
40, and combinations thereof.

The present disclosure provides a single chain human antibody, having a variable
domain region from a heavy chain and a variable domain region from a light chain and a
peptide linker connection the heavy chain and light chain variable domain regions, wherein

the heavy chain variable domain sequence that 1s at least 95% identical to the amino acid

sequences selected from the group consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID NO.
5, SEQ ID NO. 7, SEQ ID NO. 9, SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15, SEQ
ID NO. 17, SEQ ID NO. 19, SEQ ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ ID NO.
27, SEQ ID NO. 29, SEQ ID NO. 31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO. 37,
SEQ ID NO. 39, and combinations thereof, and that has a light chain variable domain
sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the group
consisting of SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6, SEQ ID NO. 8, SEQ ID NO. 10,
SEQ ID NO. 12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ
ID NO. 22, SEQ ID NO. 24, SEQ ID NO. 26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO.
32, SEQ ID NO. 34, SEQ ID NO. 36, SEQ ID NO. 38, SEQ ID NO. 40, and combinations
thereof. Preferably, the fully human single chain antibody has both a heavy chain variable
domain region and a light chain variable domain region, wherein the single chain fully human

antibody has a heavy chain/light chain variable domain sequence selected from the group
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consisting of SEQ ID NO. 1/SEQ ID NO. 2, SEQ ID NO. 3/SEQ ID NO. 4, SEQ ID NO.
S/SEQ ID NO. 6, SEQ 1D NO. 7/SEQ ID NO. 8, SEQ ID NO. 9/SEQ ID NO. 10, SEQ ID
NO. 11/SEQ ID NO. 12, SEQ ID NO. 13/SEQ ID NO. 14, SEQ ID NO. 15/SEQ ID NO. 16,
SEQ ID NO. 17/SEQ ID NO. 18, SEQ ID NO. 19/SEQ ID NO. 20, SEQ ID NO. 21/SEQ ID
NO. 22, SEQ ID NO. 23/SEQ 1D NO. 24, SEQ ID NO. 25/SEQ ID NO. 26, SEQ ID NO.
27/SEQ ID NO. 28, SEQ ID NO. 29/5EQ ID NO. 30, SEQ ID NO. 31/SEQ ID NO. 32, SEQ
ID NO. 33/SEQ ID NO. 34, SEQ ID NO. 35/SEQ ID NO. 36, SEQ ID NO. 37/SEQ ID NO.
38, SEQ ID NO. 39/SEQ ID NO. 40, and combinations thereof.

The present disclosure further provides a method for treating a broad spectrum of
mammalian cancers, comprising administering an effective amount of an anti-DLL-4
polypeptide, wherein the anti-D1LL-4 polypeptide is selected from the group consisting of a
fully human antibody of an Ig(G class that binds to a DLL-4 epitope with a binding affinity of
at least 10°M, a Fab fully human antibody fragment, having a variable domain region from a
heavy chain and a variable domain region from a light chain, a single chain human antibody,
having a variable domain region from a heavy chain and a variable domain region from a
light chain and a peptide linker connection the heavy chain and light chain variable domain
regions, and combinations thereof;

wherein the fully human antibody has a heavy chain variable domain sequence that 1s
at least 95% 1dentical to the amino acid sequences selected from the group consisting of SEQ
ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 5, SEQ ID NO. 7, SEQ ID NO. 9, SEQ ID NO. 11,
SEQ ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19, SEQ ID NO. 21, SEQ
ID NO. 23, SEQ ID NO. 25, SEQ ID NO. 27, SEQ ID NO. 29, SEQ ID NO. 31, SEQ ID NO.
33, SEQ ID NO. 35, SEQ ID NO. 37, SEQ ID NO. 39, and combinations thereof, and that has
a light chain variable domain sequence that is at least 95% 1dentical to the amino acid
sequences selected from the group consisting of SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO.
0, SEQ ID NO. 8, SEQ ID NO. 10, SEQ ID NO. 12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ
ID NO. 18, SEQ ID NO. 20, SEQ ID NO. 22, SEQ ID NO. 24, SEQ ID NO. 26, SEQ ID NO.
28, SEQ ID NO. 30, SEQ ID NO. 32, SEQ ID NO. 34, SEQ ID NO. 36, SEQ ID NO. 38,
SEQ ID NO. 40, and combinations thereof;

wherein the Fab fully human antibody fragment has the heavy chain variable domain
sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the group
consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 5, SEQ ID NO. 7, SEQ ID NO. 9,
SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19, SEQ
ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ ID NO. 27, SEQ ID NO. 29, SEQ ID NO.
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31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO. 37, SEQ ID NO. 39, and combinations
thereof, and that has the light chain variable domain sequence that 1s at least 95% 1dentical to
the amino acid sequences selected from the group consisting of SEQ ID NO. 2, SEQ ID NO.
4, SEQ ID NO. 6, SEQ ID NO. &, SEQ ID NO. 10, SEQ ID NO. 12, SEQ ID NO. 14, SEQ
ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ ID NO. 22, SEQ ID NO. 24, SEQ ID NO.
26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO. 32, SEQ ID NO. 34, SEQ ID NO. 36,
SEQ ID NO. 38, SEQ ID NO. 40, and combinations thereof; and

wherein the single chain human antibody has the heavy chain variable domain
sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the group
consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 5, SEQ ID NO. 7, SEQ ID NO. 9,
SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19, SEQ
ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ ID NO. 27, SEQ ID NO. 29, SEQ ID NO.
31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO. 37, SEQ ID NO. 39, and combinations
thereof, and that has the light chain variable domain sequence that is at least 95% i1dentical to
the amino acid sequences selected from the group consisting of SEQ ID NO. 2, SEQ ID NO.
4, SEQ ID NO. 6, SEQ ID NO. &, SEQ ID NO. 10, SEQ ID NO. 12, SEQ ID NO. 14, SEQ
ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ ID NO. 22, SEQ ID NO. 24, SEQ ID NO.
26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO. 32, SEQ ID NO. 34, SEQ ID NO. 36,
SEQ ID NO. 38, SEQ ID NO. 40, and combinations thereof.

Preferably, the fully human antibody has both a heavy chain and a light chain wherein
the antibody has a heavy chain/light chain variable domain sequence selected from the group
consisting of SEQ ID NO. 1/SEQ ID NO. 2 (called C3 herein), SEQ ID NO. 3/SEQ ID NO. 4
(called C5 herein), SEQ ID NO. 5/SEQ ID NO. 6 (called C10 herein), SEQ ID NO. 7/SEQ ID
NO. 8 (called G6 herein), SEQ ID NO. 9/SEQ ID NO. 10 (called F11 herein), SEQ ID NO.
11/SEQ ID NO. 12 (called D2 herein), SEQ ID NO. 13/SEQ ID NO. 14 (called E10 herein),
SEQ ID NO. 15/SEQ ID NO. 16 (called F12 herein), SEQ ID NO. 17/SEQ ID NO. 18 (called
E5 herein), SEQ ID NO. 19/SEQ ID NO. 20 (called H2 herein), SEQ ID NO. 21/SEQ ID NO.
22 (called Al herein), SEQ ID NO. 23/SEQ ID NO. 24 (called A2 herein), SEQ ID NO.
25/SEQ ID NO. 26 (called Al1 herein), SEQ ID NO. 27/SEQ ID NO. 28 (called C12 herein),
SEQ ID NO. 29/SEQ ID NO. 30 (called D9 herein), SEQ ID NO. 31/SEQ ID NO. 32 (called
E3 herein), SEQ ID NO. 33/SEQ ID NO. 34 (called E6 herein), SEQ ID NO. 35/SEQ ID NO.
36 (called F1 herein), SEQ ID NO. 37/SEQ ID NO. 38 (called F6 herein), SEQ ID NO.
39/SEQ ID NO. 40 (called F10 herein), and combinations thereof. Preferably, the fully

human antibody Fab fragment has both a heavy chain variable domain region and a light
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chain variable domain region wherein the antibody has a heavy chain/light chain variable
domain sequence selected from the group consisting of SEQ ID NO. 1/SEQ ID NO. 2 (called
C3 herein), SEQ ID NO. 3/SEQ ID NO. 4 (called C5 herein), SEQ ID NO. 5/SEQ ID NO. 6
(called C10 herein), SEQ ID NO. 7/SEQ ID NO. 8 (called GG6 herein), SEQ ID NO. 9/SEQ
ID NO. 10 (called F11 herein), SEQ ID NO. 11/SEQ ID NO. 12 (called D2 herein), SEQ ID
NO. 13/SEQ ID NO. 14 (called E10 herein), SEQ ID NO. 15/SEQ ID NO. 16 (called F12
herein), SEQ ID NO. 17/SEQ ID NO. 18 (called E5 herein), SEQ ID NO. 19/SEQ ID NO. 20
(called H2 herein), SEQ ID NO. 21/SEQ ID NO. 22 (called Al herein), SEQ ID NO. 23/SEQ
ID NO. 24 (called A2 herein), SEQ ID NO. 25/SEQ ID NO. 26 (called Al1 herein), SEQ 1D
NO. 27/SEQ ID NO. 28 (called C12 herein), SEQ ID NO. 29/SEQ ID NO. 30 (called D9
herein), SEQ ID NO. 31/SEQ ID NO. 32 (called E3 herein), SEQ ID NO. 33/SEQ ID NO. 34
(called E6 herein), SEQ ID NO. 35/SEQ ID NO. 36 (called F1 herein), SEQ ID NO. 37/SEQ
ID NO. 38 (called F6 herein), SEQ ID NO. 39/SEQ ID NO. 40 (called F10 herein), and
combinations thereof. Preferably, the fully human single chain antibody has both a heavy
chain variable domain region and a light chain variable domain region, wherein the single
chain fully human antibody has a heavy chain/light chain variable domain sequence selected
from the group consisting of SEQ 1D NO. 1I/SEQ ID NO. 2, SEQ ID NO. 3/SEQ ID NO. 4,
SEQ ID NO. 5/SEQ ID NO. 6, SEQ ID NO. 7/SEQ ID NO. 8, SEQ ID NO. 9/SEQ ID NO.
10, SEQ ID NO. 11/5EQ ID NO. 12, SEQ ID NO. 13/SEQ ID NO. 14, SEQ ID NO. 15/SEQ
ID NO. 16, SEQ ID NO. 17/SEQ ID NO. 18, SEQ ID NO. 19/SEQ ID NO. 20, SEQ ID NO.
21/SEQ ID NO. 22, SEQ ID NO. 23/SEQ ID NO. 24, SEQ ID NO. 25/SEQ ID NO. 26, SEQ
ID NO. 27/SEQ ID NO. 28, SEQ ID NO. 29/SEQ ID NO. 30, SEQ ID NO. 31/SEQ ID NO.
32, SEQ ID NO. 33/SEQ ID NO. 34, SEQ ID NO. 35/SEQ ID NO. 36, SEQ ID NO. 37/SEQ
ID NO. 38, SEQ ID NO. 39/SEQ ID NO. 40, and combinations thereof.

Preferably, the broad spectrum of mammalian cancers to be treated 1s selected from
the group consisting of ovarian, colon, breast, lung cancers, myelomas, neuroblastic-derived
CNS tumors, monocytic leukemias, B-cell derived leukemias, T-cell derived leukemias, B-
cell derived lymphomas, T-cell derived lymphomas, mast cell derived tumors, and
combinations thereof.

Brief Description of the Figures

Figure 1A shows the 1nitial screening binding of various anti-DLL-4 antibodies to cell
surface expressed DLL-4. Cells stably expressing DLIL-4 were incubated with 1 ug/ml of
anti-DLL-4 antibodies as indicated. The binding was analyzed by flow cytometry (HTFC,
Intellicyt).
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Figure 1B shows the binding of exemplary anti-DLL-4 antibodies to cell surface
expressed DLL-4. Cells stably expressing DLL-4 were incubated with increasing amounts of
anti-DLL-4 antibodies. The binding was analyzed by flow cytometry. Anti-DLL-4 antibodies
showed binding characteristics (ECs50) comparable to or better than Oncomed OMP21MI18.

Figure 2 shows a Biacore analysis of various anti-DLIL-4 antibodies. The resulting
binding kinetic parameters are indicated in the accompanying table.

Figure 3 shows epitope mapping ot anti-DL1.-4 antibodies in relation to Oncomed
OMP21MI18 antibody. Additional binding registered by Octet indicates that anti-DI.1.-4
antibodies C3, C5 or G6 binds to an epitope of DLL-4 that 1s not occupied by 21M18.

Figure 4A shows how anti-DLL-4 antibodies block rhDILIL4 binding to immobilized
rrNotch. The greater the binding the higher the absorbance value, therefore the best blocking
antibodies are C10 and G6 which show the lowest values and are comparable to Oncomed
OMP21M18 on the basis of in vitro binding activity.

Figure 4B shows that anti-DLL-4 antibodies block the binding of a soluble
recombinant Notch-1 (either rat or human) to cellular human DLL-4, as measured by flow
cytometry. In this assay, Notch-1 1s fluorescently labeled, therefore a high Mean
Fluorescence Intensity (MFEI) would reflect a strong interaction between Notch-1 and DLL-4.
In the presence of anti-DLL-4 antibodies, little to no fluorescence was detected indicating
blocking of the interaction.

Figure 4C shows the dose-dependent 1inhibition of the DLL-4- Notch-1 interaction for
selected antibodies. IC5, values retlect the concentration of antibody which causes 50 %
inhibition of interaction between soluble Notch-1 and DLL-4. Anti-DLL-4 antibodies
disclosed within show greater inhibitory activity than OMP21M18.

Figure 5 shows a RT-PCR-based bioassay that was developed to determine the ability
of selected antibodies to neutralize DLL-4-mediated cellular function in vitro. Data show that
anti-DLL-4 antibody C3, an exemplary antibody of this disclosure, was able to etficiently
inhibit DLL-4-mediated activation of Notch-1 dependent gene expression 1n a breast cancer
cell Line (MCFE7).

Figure 6 shows that anti-DILL-4 antibodies can prevent DLL-4-mediated HUVEC
proliferation inhibition. DLL4 1s known to inhibit VEGF-mediated HUVEC proliferation.
Thus, when cultured on DLL-4-coated plate, HUVEC growth 1s inhibited. Data show that
anti-DLL-4 antibodies were able to block this inhibition and to partially restore HUVEC
growth.

Detailed Description
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The present disclosure provides a fully human antibody of an Ig(G class that binds to a
DLL-4 epitope with a binding atfinity of 10°M or less, that has a heavy chain variable
domain sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the
group consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 5, SEQ ID NO. 7, SEQ ID
NO. 9, SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19,
SEQ ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ ID NO. 27, SEQ ID NO. 29, SEQ
ID NO. 31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO. 37, SEQ ID NO. 39, and
combinations thereof, and that has a light chain variable domain sequence that 1s at least 95%
identical to the amino acid sequences selected from the group consisting of SEQ ID NO. 2,
SEQ ID NO. 4, SEQ ID NO. 6, SEQ ID NO. 8, SEQ ID NO. 10, SEQ ID NO. 12, SEQ ID
NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ ID NO. 22, SEQ ID NO.
24, SEQ ID NO. 26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO. 32, SEQ ID NO. 34,
SEQ ID NO. 36, SEQ ID NO. 38, SEQ ID NO. 40, and combinations thereof. Preferably, the
fully human antibody has both a heavy chain and a light chain wherein the antibody has a
heavy chain/light chain variable domain sequence selected from the group consisting of SEQ
ID NO. 1/SEQ ID NO. 2 (called C3 herein), SEQ ID NO. 3/SEQ ID NO. 4 (called C5
herein), SEQ ID NO. 5/SEQ ID NO. 6 (called C10 herein), SEQ ID NO. 7/SEQ ID NO. 8
(called G6 herein), SEQ ID NO. 9/SEQ ID NO. 10 (called F11 herein), SEQ ID NO. 11/SEQ
ID NO. 12 (called D2 herein), SEQ ID NO. 13/SEQ ID NO. 14 (called E10 herein), SEQ ID
NO. 15/SEQ ID NO. 16 (called F12 herein), SEQ ID NO. 17/SEQ ID NO. 18 (called ES
herein), SEQ ID NO. 19/SEQ ID NO. 20 (called H2 herein), SEQ ID NO. 21/SEQ ID NO. 22
(called A1l herein), SEQ ID NO. 23/SEQ ID NO. 24 (called A2 herein), SEQ ID NO. 25/SEQ
ID NO. 26 (called A11 herein), SEQ ID NO. 27/SEQ ID NO. 28 (called C12 herein), SEQ ID
NO. 29/SEQ ID NO. 30 (called D9 herein), SEQ ID NO. 31/SEQ ID NO. 32 (called E3
herein), SEQ ID NO. 33/SEQ ID NO. 34 (called E6 herein), SEQ ID NO. 35/SEQ ID NO. 36
(called F1 herein), SEQ ID NO. 37/SEQ ID NO. 38 (called 6 herein), SEQ ID NO. 39/SEQ
ID NO. 40 (called F10 herein), and combinations thereof.

The present disclosure provides a Fab fully human antibody fragment, having a
variable domain region from a heavy chain and a variable domain region from a light chain,
wherein the heavy chain variable domain sequence that 1s at least 95% identical to the amino
acid sequences selected from the group consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID
NO. 5, SEQ ID NO. 7, SEQ ID NO. 9, SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15,
SEQ ID NO. 17, SEQ ID NO. 19, SEQ ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ
ID NO. 27, SEQ ID NO. 29, SEQ ID NO. 31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO.
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37, SEQ ID NO. 39, and combinations thereof, and that has a light chain variable domain
sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the group
consisting of SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6, SEQ ID NO. 8, SEQ ID NO. 10,
SEQ ID NO. 12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ
ID NO. 22, SEQ ID NO. 24, SEQ ID NO. 26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO.
32, SEQ ID NO. 34, SEQ ID NO. 36, SEQ ID NO. 38, SEQ ID NO. 40, and combinations
thereof. Preferably, the fully human antibody Fab fragment has both a heavy chain variable
domain region and a light chain variable domain region wherein the antibody has a heavy
chain/light chain variable domain sequence selected from the group consisting of SEQ 1D
NO. 1/SEQ ID NO. 2, SEQ ID NO. 3/SEQ ID NO. 4, SEQ ID NO. 5/SEQ ID NO. 6, SEQ ID
NO. 7/SEQ ID NO. 8, SEQ ID NO. 9/SEQ 1D NO. 10, SEQ ID NO. 11/SEQ ID NO. 12, SEQ
ID NO. 13/SEQ ID NO. 14, SEQ ID NO. 15/SEQ ID NO. 16, SEQ ID NO. 17/SEQ ID NO.
18, SEQ ID NO. 19/8EQ 1D NO. 20, SEQ ID NO. 21/SEQ ID NO. 22, SEQ ID NO. 23/SEQ
ID NO. 24, SEQ ID NO. 25/SEQ ID NO. 26, SEQ ID NO. 27/SEQ ID NO. 28, SEQ ID NO.
29/SEQ ID NO. 30, SEQ ID NO. 31/5EQ ID NO. 32, SEQ ID NO. 33/SEQ ID NO. 34, SEQ
ID NO. 35/SEQ ID NO. 36, SEQ ID NO. 37/SEQ ID NO. 38, SEQ ID NO. 39/SEQ ID NO.
40, and combinations thereof.

The present disclosure provides a single chain human antibody, having a variable
domain region from a heavy chain and a variable domain region from a light chain and a
peptide linker connection the heavy chain and light chain variable domain regions, wherein

the heavy chain variable domain sequence that 1s at least 95% identical to the amino acid

sequences selected from the group consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID NO.
5, SEQ ID NO. 7, SEQ ID NO. 9, SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15, SEQ
ID NO. 17, SEQ ID NO. 19, SEQ ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ ID NO.
27, SEQ ID NO. 29, SEQ ID NO. 31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO. 37,
SEQ ID NO. 39, and combinations thereof, and that has a light chain variable domain
sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the group
consisting of SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6, SEQ ID NO. 8, SEQ ID NO. 10,
SEQ ID NO. 12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ
ID NO. 22, SEQ ID NO. 24, SEQ ID NO. 26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO.
32, SEQ ID NO. 34, SEQ ID NO. 36, SEQ ID NO. 38, SEQ ID NO. 40, and combinations
thereot. Preferably, the fully human single chain antibody has both a heavy chain variable
domain region and a light chain variable domain region, wherein the single chain fully human

antibody has a heavy chain/light chain variable domain sequence selected from the group
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consisting of SEQ ID NO. 1/SEQ ID NO. 2, SEQ ID NO. 3/SEQ ID NO. 4, SEQ ID NO.
S/SEQ ID NO. 6, SEQ ID NO. 7/SEQ ID NO. 8, SEQ ID NO. 9/SEQ ID NO. 10, SEQ ID
NO. 11/SEQ ID NO. 12, SEQ ID NO. 13/SEQ ID NO. 14, SEQ ID NO. 15/SEQ ID NO. 16,
SEQ ID NO. 17/SEQ ID NO. 18, SEQ ID NO. 19/SEQ ID NO. 20, SEQ ID NO. 21/SEQ ID
NO. 22, SEQ ID NO. 23/SEQ 1D NO. 24, SEQ ID NO. 25/SEQ ID NO. 26, SEQ ID NO.
27/SEQ ID NO. 28, SEQ ID NO. 29/5EQ ID NO. 30, SEQ ID NO. 31/SEQ ID NO. 32, SEQ
ID NO. 33/SEQ ID NO. 34, SEQ ID NO. 35/SEQ ID NO. 36, SEQ ID NO. 37/SEQ ID NO.
38, SEQ ID NO. 39/SEQ ID NO. 40, and combinations thereof.

The present disclosure further provides a method for treating a broad spectrum of
mammalian cancers, comprising administering an effective amount of an anti- DLL-4
polypeptide, wherein the anti- DLL-4 polypeptide 1s selected from the group consisting of a
fully human antibody of an Ig(G class that binds to a DLL-4 epitope with a binding affinity of
at least 10°M, a Fab fully human antibody fragment, having a variable domain region from a
heavy chain and a variable domain region from a light chain, a single chain human antibody,
having a variable domain region from a heavy chain and a variable domain region from a
light chain and a peptide linker connection the heavy chain and light chain variable domain
regions, and combinations thereof;

wherein the fully human antibody has a heavy chain variable domain sequence that 1s
at least 95% 1dentical to the amino acid sequences selected from the group consisting of SEQ
ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 5, SEQ ID NO. 7, SEQ ID NO. 9, SEQ ID NO. 11,
SEQ ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19, SEQ ID NO. 21, SEQ
ID NO. 23, SEQ ID NO. 25, SEQ ID NO. 27, SEQ ID NO. 29, SEQ ID NO. 31, SEQ ID NO.
33, SEQ ID NO. 35, SEQ ID NO. 37, SEQ ID NO. 39, and combinations thereof, and that has
a light chain variable domain sequence that is at least 95% 1dentical to the amino acid
sequences selected from the group consisting of SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO.
0, SEQ ID NO. 8, SEQ ID NO. 10, SEQ ID NO. 12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ
ID NO. 18, SEQ ID NO. 20, SEQ ID NO. 22, SEQ ID NO. 24, SEQ ID NO. 26, SEQ ID NO.
28, SEQ ID NO. 30, SEQ ID NO. 32, SEQ ID NO. 34, SEQ ID NO. 36, SEQ ID NO. 38,
SEQ ID NO. 40, and combinations thereof;

wherein the Fab fully human antibody fragment has the heavy chain variable domain
sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the group
consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 5, SEQ ID NO. 7, SEQ ID NO. 9,
SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19, SEQ
ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ ID NO. 27, SEQ ID NO. 29, SEQ ID NO.
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31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO. 37, SEQ ID NO. 39, and combinations
thereof, and that has the light chain variable domain sequence that 1s at least 95% 1dentical to
the amino acid sequences selected from the group consisting of SEQ ID NO. 2, SEQ ID NO.
4, SEQ ID NO. 6, SEQ ID NO. &, SEQ ID NO. 10, SEQ ID NO. 12, SEQ ID NO. 14, SEQ
ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ ID NO. 22, SEQ ID NO. 24, SEQ ID NO.
26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO. 32, SEQ ID NO. 34, SEQ ID NO. 36,
SEQ ID NO. 38, SEQ ID NO. 40, and combinations thereof; and

wherein the single chain human antibody has the heavy chain variable domain
sequence that 1s at least 95% 1dentical to the amino acid sequences selected from the group
consisting of SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 5, SEQ ID NO. 7, SEQ ID NO. 9,
SEQ ID NO. 11, SEQ ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19, SEQ
ID NO. 21, SEQ ID NO. 23, SEQ ID NO. 25, SEQ ID NO. 27, SEQ ID NO. 29, SEQ ID NO.
31, SEQ ID NO. 33, SEQ ID NO. 35, SEQ ID NO. 37, SEQ ID NO. 39, and combinations
thereof, and that has the light chain variable domain sequence that is at least 95% i1dentical to
the amino acid sequences selected from the group consisting of SEQ ID NO. 2, SEQ ID NO.
4, SEQ ID NO. 6, SEQ ID NO. &, SEQ ID NO. 10, SEQ ID NO. 12, SEQ ID NO. 14, SEQ
ID NO. 16, SEQ ID NO. 18, SEQ ID NO. 20, SEQ ID NO. 22, SEQ ID NO. 24, SEQ ID NO.
26, SEQ ID NO. 28, SEQ ID NO. 30, SEQ ID NO. 32, SEQ ID NO. 34, SEQ ID NO. 36,
SEQ ID NO. 38, SEQ ID NO. 40, and combinations thereof.

Preferably, the fully human antibody has both a heavy chain and a light chain wherein
the antibody has a heavy chain/light chain variable domain sequence selected from the group
consisting of SEQ ID NO. 1/SEQ ID NO. 2, SEQ ID NO. 3/SEQ ID NO. 4, SEQ ID NO.
S/SEQ ID NO. 6, SEQ 1D NO. 7/SEQ ID NO. 8, SEQ ID NO. 9/SEQ ID NO. 10, SEQ ID
NO. 11/SEQ ID NO. 12, SEQ ID NO. 13/SEQ ID NO. 14, SEQ ID NO. 15/SEQ ID NO. 16,
SEQ ID NO. 17/SEQ ID NO. 18, SEQ ID NO. 19/SEQ ID NO. 20, SEQ ID NO. 21/SEQ ID
NO. 22, SEQ ID NO. 23/SEQ 1D NO. 24, SEQ ID NO. 25/SEQ ID NO. 26, SEQ ID NO.
27/SEQ ID NO. 28, SEQ ID NO. 29/5EQ ID NO. 30, SEQ ID NO. 31/SEQ ID NO. 32, SEQ
ID NO. 33/SEQ ID NO. 34, SEQ ID NO. 35/SEQ 1D NO. 36, SEQ ID NO. 37/SEQ ID NO.
38, SEQ ID NO. 39/SEQ ID NO. 40, and combinations thereof. Preferably, the fully human
antibody Fab fragment has both a heavy chain variable domain region and a light chain
variable domain region wherein the antibody has a heavy chain/light chain variable domain
sequence selected from the group consisting of SEQ ID NO. 1/SEQ ID NO. 2, SEQ ID NO.
3/SEQ ID NO. 4, SEQ ID NO. 5/SEQ ID NO. 6, SEQ ID NO. 7/SEQ ID NO. 8, SEQ ID NO.
9/SEQ 1D NO. 10, SEQ ID NO. 11/5EQ ID NO. 12, SEQ ID NO. 13/SEQ ID NO. 14, SEQ
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ID NO. 15/5EQ ID NO. 16, SEQ ID NO. 17/SEQ 1D NO. 18, SEQ ID NO. 19/SEQ ID NO.
20, SEQ ID NO. 21/SEQ ID NO. 22, SEQ ID NO. 23/SEQ ID NO. 24, SEQ ID NO. 25/SEQ
ID NO. 26, SEQ ID NO. 27/SEQ ID NO. 28, SEQ ID NO. 29/SEQ ID NO. 30, SEQ ID NO.
31/SEQ ID NO. 32, SEQ ID NO. 33/SEQ 1D NO. 34, SEQ ID NO. 35/SEQ ID NO. 36, SEQ
ID NO. 37/SEQ ID NO. 38, SEQ ID NO. 39/SEQ ID NO. 40, and combinations thereof.
Preferably, the fully human single chain antibody has both a heavy chain variable domain
region and a light chain variable domain region, wherein the single chain fully human
antibody has a heavy chain/light chain variable domain sequence selected from the group
consisting of SEQ ID NO. 1/SEQ ID NO. 2, SEQ ID NO. 3/SEQ ID NO. 4, SEQ ID NO.
S/ISEQ ID NO. 6, SEQ 1D NO. 7/SEQ ID NO. 8, SEQ ID NO. 9/SEQ ID NO. 10, SEQ ID
NO. 11/SEQ ID NO. 12, SEQ ID NO. 13/SEQ ID NO. 14, SEQ ID NO. 15/SEQ ID NO. 16,
SEQ ID NO. 17/SEQ ID NO. 18, SEQ ID NO. 19/SEQ ID NO. 20, SEQ ID NO. 21/SEQ ID
NO. 22, SEQ ID NO. 23/SEQ ID NO. 24, SEQ ID NO. 25/SEQ ID NO. 26, SEQ ID NO.
27/SEQ ID NO. 28, SEQ ID NO. 29/5EQ ID NO. 30, SEQ ID NO. 31/SEQ ID NO. 32, SEQ
ID NO. 33/SEQ ID NO. 34, SEQ ID NO. 35/SEQ ID NO. 36, SEQ ID NO. 37/SEQ ID NO.
33, SEQ ID NO. 39/SEQ ID NO. 40, and combinations thereof.

Preferably, the broad spectrum of mammalian cancers to be treated 1s selected from
the group consisting of ovarian, colon, breast, lung cancers, myelomas, neuroblastic-derived
CNS tumors, monocytic leukemias, B-cell derived leukemias, T-cell derived leukemias, B-
cell derived lymphomas, T-cell derived lymphomas, mast cell derived tumors, and
combinations thereof.

An "antigen binding protein” 1s a protein comprising a portion that binds to an antigen
and, optionally, a scatfold or framework portion that allows the antigen binding portion to
adopt a conformation that promotes binding ot the antigen binding protein to the antigen.
Examples of antigen binding proteins include antibodies, antibody fragments (e.g., an antigen
binding portion of an antibody), antibody derivatives, and antibody analogs. The antigen
binding protein can comprise, for example, an alternative protein scaffold or artificial
scaffold with grafted CDRs or CDR derivatives. Such scaffolds include, but are not limited
to, antibody-derived scatfolds comprising mutations introduced to, for example, stabilize the
three-dimensional structure of the antigen binding protein as well as wholly synthetic
scatfolds comprising, for example, a biocompatible polymer. See, for example, Korndorfer et
al., 2003, Proteins: Structure, Function, and Bioinformatics, Volume 53, Issue 1:121-129;

Roque et al., 2004, Biotechnol. Prog. 20:639-654. In addition, peptide antibody mimetics
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("PAMSs") can be used, as well as scatfolds based on antibody mimetics utilizing fibronectin
components as a scatfold.

An antigen binding protein can have, for example, the structure of a naturally
occurring immunoglobulin. An "tmmunoglobulin” is a tetrameric molecule. In a naturally
occurring immunoglobulin, each tetramer 1s composed of two 1dentical pairs of polypeptide
chains, each pair having one "light" (about 25 kDa) and one "heavy" chain (about 50-70
kDa). The amino-terminal portion of each chain includes a variable region of about 100 to
110 or more amino acids primarily responsible for antigen recognition. The carboxy-terminal
portion of each chain defines a constant region primarily responsible for effector function.
Human light chains are classified as kappa or lambda light chains. Heavy chains are
classified as mu, delta, gamma, alpha, or epsilon, and define the antibody's 1sotype as 1gM,
IgD, IgG, IgA, and IgE, respectively. Within light and heavy chains, the variable and constant
regions are joined by a "J" region of about 12 or more amino acids, with the heavy chain also
including a "D" region of about 10 more amino acids. See generally, Fundamental
Immunology Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y. (1989)) (incorporated by
reference 1n 1ts entirety for all purposes). The variable regions of each light/heavy chain pair
form the antibody binding site such that an intact immunoglobulin has two binding sites.

The variable regions of naturally occurring immunoglobulin chains exhibit the same
general structure of relatively conserved framework regions (FR) joined by three
hypervariable regions, also called complementarity determining regions or CDRs. From N-
terminus to C-terminus, both light and heavy chains comprise the domains FR1, CDR1, FR2,
CDR2, FR3, CDR3 and FR4. The assignment of amino acids to each domain 1s 1n accordance
with the definitions of Kabat et al. in Sequences of Proteins of Immunological Interest, o
Ed., US Dept. of Health and Human Services, PHS, NIH, NIH Publication no. 91-3242,
1991. Other numbering systems for the amino acids in immunoglobulin chains include
IMGT.RTM. (international ImMunoGene'Tics information system; Lefranc et al, Dev. Comp.
Immunol. 29:185-203; 2005) and AHo (Honegger and Pluckthun, J. Mol. Biol. 309(3):6577-
670; 2001).

Antibodies can be obtained from sources such as serum or plasma that contain
immunoglobulins having varied antigenic specificity. If such antibodies are subjected to
atfinity purification, they can be enriched for a particular antigenic specificity. Such enriched
preparations of antibodies usually are made of less than about 10% antibody having specific
binding activity for the particular antigen. Subjecting these preparations to several rounds of

atfinity purification can increase the proportion of antibody having specific binding activity
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for the antigen. Antibodies prepared 1n this manner are often referred to as "monospecific.”
Monospecfic antibody preparations can be made up of about 10%, 20%, 30%, 40%, 50%,
60%, 70%, 73%, 80%, 85%, 90%, 95%, 97%, 99%, or 99.9% antibody having specific
binding activity for the particular antigen.

An "antibody" refers to an intact immunoglobulin or to an antigen binding portion
thereof that competes with the intact antibody for specific binding, unless otherwise
specified. Antigen binding portions may be produced by recombinant DNA techniques or by
enzymatic or chemical cleavage of intact antibodies. Antigen binding portions include, inter
alia, Fab, Fab', F(ab'),, Fv, domain antibodies (dAbs), and complementarity determining
region (CDR) fragments, single-chain antibodies (sclFv), chimeric antibodies, diabodies,
triabodies, tetrabodies, and polypeptides that contain at least a portion of an immunoglobulin
that is sutficient to conter specific antigen binding to the polypeptide.

A Fab fragment 1s a monovalent fragment having the Vi, Vg, C; and Cy; domains; a
F(ab'), fragment 1s a bivalent fragment having two Fab fragments linked by a disulfide bridge
at the hinge region; a I’d fragment has the Vg and Cyy domains; an Fv fragment has the Vi
and Vg domains of a single arm of an antibody; and a dAb fragment has a Vi domain, a Vi
domain, or an antigen-binding fragment of a Vi or VL. domain (U.S. Patents 6,346,634
6,696,245, US App. Pub.20/0202512; 2004/0202995; 2004/0038291; 2004/0009507;20
03/0039958, and Ward et al., Nature 341:544-546, 1989).

A single-chain antibody (scFv) 1s an antibody 1n which a Vi and a Vg region are
joined via a linker (e.g., a synthetic sequence of amino acid residues) to form a continuous
protein chain wherein the linker 1s long enough to allow the protein chain to fold back on
itself and form a monovalent antigen binding site (Bird et al., 1988, Science 242:423-26 and
Huston et al., 1988, Proc. Natl. Acad. Sci. USA 85:5879-83). Diabodies are bivalent
antibodies comprising two polypeptide chains, wherein each polypeptide chain comprises Vy
and Vi domains joined by a linker that 1s too short to allow for pairing between two domains
on the same chain, thus allowing each domain to pair with a complementary domain on
another polypeptide chain (Holliger et al., 1993, Proc. Natl. Acad. Sci. USA 90:6444-48, and
Poljak et al., 1994, Structure 2:1121-23). If the two polypeptide chains of a diabody are
identical, then a diabody resulting from their pairing will have two identical antigen binding
sites. Polypeptide chains having different sequences can be used to make a diabody with two
different antigen binding sites. Similarly, tribodies and tetrabodies are antibodies comprising
three and four polypeptide chains, respectively, and forming three and four antigen binding

sites, respectively, which can be the same or different.
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Complementarity determining regions (CDRSs) and framework regions (FR) of a given
antibody may be identified using the system described by Kabat et al. supra; Lefranc et al.,
supra and/or Honegger and Pluckthun, supra. One or more CDRs may be incorporated into a
molecule either covalently or noncovalently to make 1t an antigen binding protein. An antigen
binding protein may incorporate the CDR(s) as part of a larger polypeptide chain, may
covalently link the CDR(s) to another polypeptide chain, or may incorporate the CDR(s)
noncovalently. The CDRs permit the antigen binding protein to specifically bind to a
particular antigen of interest.

An antigen binding protein may have one or more binding sites. It there 1s more than
one binding site, the binding sites may be identical to one another or may be different. For
example, a naturally occurring human immunoglobulin typically has two 1dentical binding
sites, while a "bispecific” or "bifunctional™ antibody has two different binding sites.

The term "human antibody" includes all antibodies that have one or more variable and
constant regions derived from human immunoglobulin sequences. In one embodiment, all of
the variable and constant domains are derived from human immunoglobulin sequences (a
fully human antibody). These antibodies may be prepared in a variety of ways, examples of
which are described below, including through the immunization with an antigen of interest of
a mouse that 1s genetically modified to express antibodies derived from human heavy and/or
light chain-encoding genes.

A humanized antibody has a sequence that differs from the sequence of an antibody
derived from a non-human species by one or more amino acid substitutions, deletions, and/or
additions, such that the humanized antibody 1s less likely to induce an immune response,
and/or induces a less severe immune response, as compared to the non-human species
antibody, when 1t 1s administered to a human subject. In one embodiment, certain amino
acids 1n the framework and constant domains of the heavy and/or light chains ot the non-
human species antibody are mutated to produce the humanized antibody. In another
embodiment, the constant domain(s) from a human antibody are fused to the variable
domain(s) of a non-human species. In another embodiment, one or more amino acid residues
in one or more CDR sequences of a non-human antibody are changed to reduce the likely
immunogenicity of the non-human antibody when it 1s administered to a human subject,
wherein the changed amino acid residues either are not critical for immunospecific binding ot
the antibody to its antigen, or the changes to the amino acid sequence that are made are
conservative changes, such that the binding of the humanized antibody to the antigen is not

significantly worse than the binding of the non-human antibody to the antigen. Examples of
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how to make humanized antibodies may be found 1n U.S. Patents 6,054,297, 5,886,152 and
5,877,293,

The term "chimeric antibody" refers to an antibody that contains one or more regions
from one antibody and one or more regions from one or more other antibodies. In one
embodiment, one or more of the CDRs are derived from a human anti-DLL-4 antibody. In
another embodiment, all of the CDRs are derived from a human anti-DILL-4 antibody. In
another embodiment, the CDRs from more than one human anti-DI.1.-4 antibodies are mixed
and matched 1n a chimeric antibody. For instance, a chimeric antibody may comprise a CDR1
from the light chain of a first human anti-PAR-2 antibody, a CDR2 and a CDR3 from the
light chain of a second human anti-DLL-4 antibody, and the CDRs from the heavy chain
from a third anti-DLL-4 antibody. Other combinations are possible.

Further, the framework regions may be derived from one of the same anti-DLL-4
antibodies, from one or more different antibodies, such as a human antibody, or from a
humanized antibody. In one example of a chimeric antibody, a portion of the heavy and/or
light chain 1s 1dentical with, homologous to, or dertved from an antibody from a particular
species or belonging to a particular antibody class or subclass, while the remainder of the
chain(s) 1s/are identical with, homologous to, or derived from an antibody (-1es) from another
species or belonging to another antibody class or subclass. Also included are fragments of
such antibodies that exhibit the desired biological activity (i.e., the ability to specifically bind
DLL-4).

A "neutralizing antibody" or an "inhibitory antibody" 1s an antibody that inhibits the
proteolytic activation of DLL-4 when an excess of the anti-DIL1-4 antibody reduces the
amount of activation by at least about 20% using an assay such as those described herein in
the Examples. In various embodiments, the antigen binding protein reduces the amount of
amount of proteolytic activation of DLL-4 by at least 30%, 40%, 50%, 60%, 70%, 5%, 80%,
33%, 90%, 95%, 97%, 99%, and 99.9%.

Fragments or analogs of antibodies can be readily prepared by those of ordinary skill
in the art following the teachings of this specitication and using techniques known 1n the art.
Preferred amino- and carboxy-termini of fragments or analogs occur near boundaries of
functional domains. Structural and functional domains can be i1dentified by comparison of the
nucleotide and/or amino acid sequence data to public or proprietary sequence databases.
Computerized comparison methods can be used to 1dentify sequence motifs or predicted

protein conformation domains that occur 1n other proteins of known structure and/or function.
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Methods to 1dentity protein sequences that fold into a known three-dimensional structure are
known. (Bowie et al., 1991, Science 253:164).

A "CDR grafted antibody" is an antibody comprising one or more CDRs derived from
an antibody of a particular species or 1sotype and the framework of another antibody of the
same or different species or isotype.

A "multi-specific antibody” 1s an antibody that recognizes more than one epitope on
one or more antigens. A subclass of this type of antibody 1s a "bi-specific antibody"” which
recognizes two distinct epitopes on the same or different antigens.

An antigen binding protein "specifically binds"” to an antigen (e.g., human DLL-4) 1f 1t
binds to the antigen with a dissociation constant of 1 nanomolar or less.

tr 1

An "antigen binding domain,"” "antigen binding region,"” or "antigen binding site" 1s a
portion of an antigen binding protein that contains amino acid residues (or other moieties)
that interact with an antigen and contribute to the antigen binding protein's specificity and
atfinity for the antigen. For an antibody that specifically binds to its antigen, this will include
at least part of at least one of its CDR domains.

An "epitope” 1s the portion of a molecule that 1s bound by an antigen binding protein
(e.g., by an antibody). An epitope can comprise non-contiguous portions of the molecule
(e.g2.,1n a polypeptide, amino acid residues that are not contiguous 1n the polypeptide's
primary sequence but that, in the context of the polypeptide's tertiary and quaternary
structure, are near enough to each other to be bound by an antigen binding protein).

The "percent 1dentity” of two polynucleotide or two polypeptide sequences 1s
determined by comparing the sequences using the GAP computer program (a part of the GCG
Wisconsin Package, version 10.3 (Accelrys, San Diego, Calif.)) using its default parameters.

tr 1t

The terms "polynucleotide,” "oligonucleotide™ and "nucleic acid" are used
interchangeably throughout and include DNA molecules (e.g., cDNA or genomic DNA),
RNA molecules (e.g., mRNA), analogs of the DNA or RNA generated using nucleotide
analogs (e.g., peptide nucleic acids and non-naturally occurring nucleotide analogs), and
hybrids thereot. The nucleic acid molecule can be single-stranded or double-stranded. In one
embodiment, the nucleic acid molecules of the invention comprise a contiguous open reading
frame encoding an antibody, or a fragment, derivative, mutein, or variant thereot.

Two single-stranded polynucleotides are "the complement” of each other 1f their
sequences can be aligned 1n an anti-parallel orientation such that every nucleotide 1n one

polynucleotide 1s opposite 1ts complementary nucleotide 1n the other polynucleotide, without

the introduction of gaps, and without unpaired nucleotides at the 5' or the 3' end of either
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sequence. A polynucleotide 1s "complementary” to another polynucleotide 1f the two
polynucleotides can hybridize to one another under moderately stringent conditions. Thus, a
polynucleotide can be complementary to another polynucleotide without being its
complement.

A "vector" 1s a nucleic acid that can be used to introduce another nucleic acid linked
to 1t into a cell. One type of vector 1s a "plasmid,” which refers to a linear or circular double
stranded DNA molecule 1nto which additional nucleic acid segments can be ligated. Another
type of vector 1s a viral vector (e.g., replication detective retroviruses, adenoviruses and
adeno-associated viruses), wherein additional DNA segments can be introduced 1nto the viral
genome. Certain vectors are capable of autonomous replication 1n a host cell into which they
are introduced (e.g., bacterial vectors comprising a bacterial origin of replication and
episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) are
integrated into the genome of a host cell upon introduction into the host cell, and thereby are
replicated along with the host genome. An "expression vector'” 1s a type of vector that can
direct the expression of a chosen polynucleotide.

A nucleotide sequence 1s "operably linked" to a regulatory sequence if the regulatory
sequence aftfects the expression (e.g., the level, timing, or location of expression) of the
nucleotide sequence. A "regulatory sequence” 1s a nucleic acid that atfects the expression
(e.g2., the level, timing, or location of expression) of a nucleic acid to which it 1s operably
linked. The regulatory sequence can, for example, exert its effects directly on the regulated
nucleic acid, or through the action of one or more other molecules (e.g., polypeptides that
bind to the regulatory sequence and/or the nucleic acid). Examples of regulatory sequences
include promoters, enhancers and other expression control elements (e.g., polyadenylation
signals). Further examples of regulatory sequences are described in, for example, Goeddel,
1990, Gene Expression Technology: Methods in Enzymology 185, Academic Press, San
Diego, Calif. and Baron et al., 1995, Nucleic Acids Res. 23:3605-06.

A "host cell"” 1s a cell that can be used to express a nucleic acid, e.g., a nucleic acid of
the invention. A host cell can be a prokaryote, for example, E. coli, or it can be a eukaryote,
for example, a single-celled eukaryote (e.g., a yeast or other fungus), a plant cell (e.g., a
tobacco or tomato plant cell), an animal cell (e.g., a human cell, a monkey cell, a hamster

cell, a rat cell, a mouse cell, or an insect cell) or a hybridoma. Examples of host cells include
the COS-7 line of monkey kidney cells (ATCC CRL 1651) (Gluzman et al., 1981, Cell
23:175), L cells, C127 cells, 313 cells (ATCC CCL 163), Chinese hamster ovary (CHO) cells

or their derivatives such as Veggie CHO and related cell lines which grow 1n serum-tree
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media (Rasmussen et al., 1998, Cytotechnology 28:31) or CHO strain DX-B11, which 1s
deficient in DHFR (Urlaub et al., 1980, Proc. Natl. Acad. Sci. USA 77:4216-20), Hel.a cells,
BHK (ATCC CRL 10) cell lines, the CV1/EBNA cell line derived from the African green
monkey kidney cell line CV1 (ATCC CCL 70) (McMahan et al., 1991, EMBO J. 10:2821),
human embryonic kidney cells such as 293,293 EBNA or MSR 293, human epidermal A431
cells, human Colo205 cells, other transformed primate cell lines, normal diploid cells, cell
strains derived from 1n vitro culture of primary tissue, primary explants, HL.-60, U937, HaK
or Jurkat cells. Typically, a host cell 1s a cultured cell that can be transformed or transtected
with a polypeptide-encoding nucleic acid, which can then be expressed in the host cell. The
phrase "recombinant host cell” can be used to denote a host cell that has been transformed or
transtected with a nucleic acid to be expressed. A host cell also can be a cell that comprises
the nucleic acid but does not express 1t at a desired level unless a regulatory sequence 1s
introduced 1nto the host cell such that it becomes operably linked with the nucleic acid. It 1s
understood that the term host cell refers not only to the particular subject cell but also to the
progeny or potential progeny of such a cell. Because certain modifications may occur in
succeeding generations due to, e.g., mutation or environmental influence, such progeny may
not, 1n fact, be identical to the parent cell, but are still included within the scope of the term as
used herein.

Preferably, the mammalian cancer to be treated is selected from the group consisting
of ovarian, colon, breast or hepatic carcinoma cell lines, myelomas, neuroblastic-derived
CNS tumors, monocytic leukemias, B-cell derived leukemia’s, T-cell derived leukemias, B-
cell dertved lymphomas, T-cell derived lymphomas, mast cell dertved tumors, and
combinations thereof.

Polypeptides of the present disclosure can be produced using any standard methods
known 1n the art. In one example, the polypeptides are produced by recombinant DNA
methods by inserting a nucleic acid sequence (e.g., a cDNA) encoding the polypeptide into a
recombinant expression vector and expressing the DNA sequence under conditions
promoting expression. Examples of nucleic acid sequences encoding VK-38B polypeptide
disclosed herein are:
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