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BINDING PROTEINS 1

FIELD OF THE INVENTION

The present disclosure relates to cell penetrating anti-DNA binding proteins.
5 Compositions comprising these binding proteins may be useful for delivering agents to

cells and treating diseases such as cancer.

BACKGROUND OF THE INVENTION

Development of cell penetrating anti-DNA binding proteins as therapeutic

10 agents for human diseases has great clinical potential, in particular because of their

ability to selectively impair DNA repair pathways and/or deliver various therapeutic
payloads to target cells.

Accordingly, improved cell penetrating anti-DNA binding proteins are required.

15 SUMMARY OF THE INVENTION
The present inventors have identified cell penetrating anti-DNA binding protein
modifications that surprisingly increase nuclear penectration. In some cases, these
modifications may also improve physical stability and reduce immunogenicity.
Accordingly, in a first example, the present disclosure relates to a cell
20 penetrating anti-DNA binding protein having an antigen binding domain, wherein the
antigen binding domain binds to or specifically binds to DNA and comprises a heavy
chain variable region (Vu) having a complementarity determining region (CDR) 1 as
shown in SEQ ID NO: 1, a CDR2 as shown in SEQ ID NO: 2 or SEQID NO: 3 and a
CDR3 as shown in SEQ ID NO: 4 and a light chain variable region (VL) having a
75 CDRI as shown in SEQ ID NO: 5 or SEQ ID NO: 6, a CDR2 as shown in SEQ ID NO:
7 and a CDR3 as shown in SEQ ID NO: 8. In this example, the CDRs have been
defined using Kabat.
In another example, the present disclosure relates to a cell penetrating anti-DNA
binding protein having an antigen binding domain, wherein the antigen binding domain
30 binds to or specifically binds to DNA and comprises:

- a heavy chain variable region (Vu) having a complementarity determining
region (CDR) 1 as shown in SEQ ID NO: 0. a CDR2 as shown in SEQ ID NO: 10 or
SEQ ID NO: 11 and a CDR3 as shown in SEQ ID NO: 12;

- a light chain variable region (VL) having a CDR1 as shown in SEQ ID
35 NO: 13 or SEQ ID NO: 14, a CDR2 as shown in SEQ ID NO: 15 and a CDR3 as
shown in SEQ ID NO: 16. In this example, the CDRs have been defined using IMGT.
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In another example, binding proteins according to the present disclosure
COmprise:
(i) a Vu comprising a sequence at least 95% identical to the sequence as
shown in any one of SEQ ID NOs: 17 to 23;
S (ii) a VL comprising a sequence at least 95% identical to the sequence as
shown in any one of SEQ ID NOs: 24 to 29; or
(iii) a Vu comprising a sequence at least 95% identical to the sequence as
shown in any one of SEQ ID NOs: 17 to 23 and a V. comprising a sequence at least
95% identical to the sequence as shown in any one of SEQ IDNOé: 24 to 29. For
10 example, the binding protein may comprise a sequence at least 95% identical to the
sequence as shown in any one of SEQ ID NOs: 17 to 23. In another example, the
binding protein may comprise a V. comprising a sequence at least 95% 1dentical to the
sequence as shown in any one of SEQ ID NOs: 24 to 29. In another example ,the
binding protein may comprise a Vi comprising a sequence at least 95% identical to the
15 sequence as shown in any one of SEQ ID NOs: 17 to 23 and a VL comprising a
sequence at least 95% identical to the sequence as shown in any one of SEQ ID NOs:
24 to 29.
In another example, the Vy and a V are separated by a linker. For example, the
linker may be comprise (GlyaSer)s. In another example the linker comprises an amino
20 acid sequerce as shown in SEQ ID NO: 30.
In an example, the Vu and VL are in a single polypeptide chain. For example,
the binding protein may be:
(i) asingle chain Fv fragment (scFv);
(i1) adimeric scFv (di-scFv);
25 (iii) a trimeric scFv (tri-scEFv);
(iv) any one of (i), (ii) or (ii1) linked to a constant region of an antibody, Fc or
a heavy chain constant domain Cu2 and/or Cu3. For example, the binding protein may
be a di-scFv. In this example, the scFv’s may be separated by a linker. For example,
the linker may‘ comprise an amino acid sequence as shown in SEQ ID NO: 31.
30 In another example, the Vu and VL are in separate polypeptide chains. For
example, the binding pfotein may be:
(1) adiabody;
(11) a triabody;
(ii1) a tetrabodys;
35 (1v) a Fab;
(v) akF(ab’)z;
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(vi) aFv;
(vii) one of (i) to (vi) linked to a constant region of an antibody, Fc or a heavy
chain constant domain Cu2 and/or Cu3; or,
(viil) an intact antibody.
S Thus, the Vy and VL of an Fv can be formed of a single peptide chain (e.g.
scFv), or can be formed of two separate peptide chains.
In an example, the binding protein is humamzed.
In another example, the present disclosure relates to a cell penetrating anti-DNA
Fv fragment having an antigen binding domain, wherein the antigen binding domain
10 binds to or specifically binds to DNA and comprises at least one of:
- a Vi having a CDR 1 as shown in SEQ ID NO: 1, a CDR2 as shown 1n
SEQ ID NO: 2 or SEQ ID NO: 3, a CDR3 as shown in SEQ ID NO: 4 and
a Vi having a CDR1 as shown in SEQ 1D NO: 5 or SEQ ID NO: 6, a
CDR2 as shown in SEQ ID NO: 7 and a CDR3 as shown in SEQ ID NO:
15 8;
- "a Vy having a CDR 1 as shown in SEQ ID NO: 9, a CDR2 as shown in
SEQ ID NO: 10 or SEQ ID NO: 11, a CDR3 as shown 1n SEQ ID NO: 12
and a Vi having a CDR1 as shown in SEQ ID NO: 13 or SEQ ID NO: 14,
a CDR2 as shown in SEQ ID NO: 15 and a CDR3 as shown in SEQ 1D
20 NO: 16;
- a Vy comprising a sequence at least 95% identical to the sequence as
shown in any one of SEQ ID NOs: 17 to 23 and a Vi comprising a
sequence at least 95% identical to the sequence as shown in any one of
SEQ ID NOs: 24 to 29.
25 In this example, the Fy fragment may be a di-scFv. In an example, the Fv fragment
may comprise an amino acid sequence as shown in any one of SEQ ID NOs: 32 —47.
For example, the Fv fragment may comprise an amino acid sequence as shown in SEQ
ID NO: 41.
In some embodiments, the Fv is naked. In another example, the Fv fragment
30 may be conjugated to another compound.
In an example, the Fv is humanized. For example, the Fv may be a humanized
di-scFv.
In another example, the present disclosure relates to a nucleic acid sequence
encoding an above referenced binding proteins. Exemplary nucleic acid sequences are
35 shown in SEQ ID NOs: 51 — 66. The disclosed nucleic acid sequences can be codon-

optimized to increase levels of expression for synthesizing the proteins. In another
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example, the present disclosure relates to an expression vector comprising a nucleic
acid sequence according to the present disclosure. For example, the expression vector
may comprise a nucleic acid sequences are shown in any one of SEQ ID NOs: 51 - 66
or a codon optimized sequence thereof.

In another example, the present disclosure relates to a host cell comprising an
above referenced binding protein, nucleic acid or vector, or codon optimized sequence
thereof.

In another example, the present disclosure relates to a method of treating cancer.
For example, a method of treating cancer comprising administering to a subject an Fv
fragment comprising an amino acid sequence as shown in any one of SEQ ID NOs: 32,
36. 41 or 43. For example, an Fv fragment comprising an amino acid sequence as
shown in SEQ ID NOs: 32 may be administered to a subject. In another example, an
Fv fragment comprising an amino acid sequence as shown in SEQ ID NOs: 36 may be
administered to a subject. In another example, an Fv fragment comprising an amino
acid sequence as shown in SEQ ID NOs: 41 may be administered to a subject. In
another example, an Fv fragment comprising an amino acid sequence as shown in SEQ
ID NOs: 43 may be administered to a subject. In an example, the cancer 1S colon
cancer, brain cancer, prostate cancer, ovarian cancer, endometrial cancer, breast cancer,
or pancreatic cancer. For example, the cancer may be colon cancer or brain cancer. In
an example, the cancer is brain cancer. In an example, the brain cancer is glioblastoma.

In another example, the present disclosure relates to use of a binding protein
such as an Fv fragment, composition, vector or host cell according to the present
disclosure in the manufacture of a medicament for treating canccr. In another example,
the present disclosure relates to a binding protein such as an Fv fragment, composition,
vector or host cell according to the present disclosure for use in treating cancer.

The experimental results below also illustrate that binding proteins disclosed
herein can work with poly (ADP-ribose) polymerase (PARP) inhibitors to kill cancer
cells. Accordingly, in another example, the present disclosure relates to a method of
treating cancer in a subject in need thereof, the method comprising administering to the
subject a binding protein or Fv fragment defined herein and a PARP inhibitor.

In an example, the PARP inhibitor is olaparib.

In an example, the cancer is substantially HDR deficient. In another example,
the cancer is substantially BRCA2 deflicient. In another example, the cancer 18
substantially PTEN deficient. In an example, the cancer is colon cancer, brain cancer,
prostate cancer, ovarian cancer, endometrial cancer, breast cancer, or pancreatic cancer.

For example, the cancer may be colon cancer or brain cancer. In an example, the
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cancer is brain cancer. In an example, the brain cancer is glioblastoma. In an example,
the cancer is resistant to PARP inhibition. For example, the cancer may be resistant to
treatment with olaparib. In another example, the cancer is triple negative breast cancer.
In another example, the present disclosure relates to a therapeutic combination
5 comprising a binding protein or Fv fragment defined herein and a PARP inhibitor, the
combination being provided for simultaneous or sequential administration. In another
example, the present disclosure relates to a therapeutic combination comprising:
- a binding protein or Fv comprising the CDRs of SEQ ID NOs: 41; or,
- a binding protein comprising the amino acid sequence shown in SEQ ID
10 NO: 41;
and, a PARP inhibitor, the combination being provided for simultaneous or sequential
administration. For example, the binding protein or Fv can comprise heavy chain
CDRs as shown in SEQ ID NOs: 1, 3 and 4 and light chain CDRs as shown in SEQ ID
NOs: 6, 7 and 8. In these examples, the therapeutic combination may be used for

15 treating cancer. Furthermore, in these examples, the PARP inhibitor may be olaparib.

Any example herein shall be taken to apply mulatis mutandis to any other

example unless specifically stated otherwise.
20 The present disclosure is not to be limited in scope by the specific examples
described herein, which are intended for the purpose of exemplification only.
Functionally-equivalent products, compositions and methods are clearly within the

scope of the disclosure, as described herein.
Throughout this specification, unless specifically stated otherwise or the context

25 requires otherwise, reference to a single step, composition of matter, group of steps or
eronp of compositions of matter shall be taken to encompass one and a plurality (1.e.
one or more) of those steps, compositions of matter, groups of steps or group of

compositions of matter.
The disclosure is hereinafter described by way of the following non-limiting

30 Examples and with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
Figure 1. Images illustrating the results of SDS-PAGE analysis of reduced and
denatured variants.

35 Figure 2. Images illustrating the results of SDS-PAGE analysis of non-reduced

variants.
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Figure 3. Images illustrating the results of Alkaline phosphatase-based survey of
nuclear penetration.
Figure 4. Plots showing Quantitative analysis of the alkaline phosphatase-based
survey of nuclear penetration.

S Figure 5. Histograms of Quantitative analysis of the alkaline phosphatase-based
survey of nuclear penetration.
Figure 6. Images illustrating the results of Immunofluorescence-based survey of
nuclear penetration.
Figure 7. Plots showing Quantitative analysis of the immunofluorescence-based

10 survey of nuclear penetration.

Figure 8, Panel A. Exemplary images showing Accumulation of DNA damage in
PTEN-proficient and PTEN-deficient cancer cells.

Figure 8, Panel B. Histogram showing Accumulation of DNA damage in PTEN-
proficient and PTEN-deficient cancer cells.

15 Figure 9. Histogram showing Cell viability of PTEN-deficient cancer cells.

Figure 10, Panel A. Exemplary images showing Accumulation of DNA damage in
BRCAZ2-proficient and BRCA2-deficient cancer cells.

Figure 10, Panel B. Histogram showing Accumulation of DNA damage in BRCAZ2-
proficient and BRCA?2-deficient cancer cells.

20 Figure 11. di-scFv (SEQ ID NO: 41) penetrates HDR deficient DLD-1 colon cancer
cell nuclex.

Figure 12. di-scFv (SEQ ID NO: 41) penetrates HDR deticient MCEF-7 breast cancer
cell nuclel.
Figure 13. More than additive cell death mediated by di-scFv (SEQ ID NO: 41) and

75 PARP inhibitor in HDR deficient cancer cells (*p<0.05 compared to olaparib or the di-
scFv alone).

Figure 14. di-scFv (SEQ ID NO: 41) kills primary human glioblastoma cells.
Figure 15. di-scFv (SEQ ID NO: 41) penetrates human ghioblastoma spheres (A) and
reduces sphere volume in a time-dependent (B) and dose-dependent (C) manner.

30 Figure 16. In-vivo assessment of di-scFv (SEQ ID NO: 41) in a orthotopic mouse
model of glioblastoma. a) Representative H&E stained brain sections from mice
treated with control or di-scFv (SEQ ID NO: 41) and corresponding quantification of
area. (*P<0.04, n=3). b) Representative micrographs of TUNEL staining, and
corresponding percentage of TUNEL-positive cells. * denotes a P <0.05 as determined

35 by a one-way ANOVA test. ¢) Protein L-based immunostaining for comparison of di-
scFv (SEQ ID NO: 41) in tumour and adjacent brain tissue. d) Body weight (grams)
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profile for mice in the survival study (n=7). ) Survival data for control PBS versus di-

scFv (SEQ ID NO: 41) treatment arms (n=7, P=0.02, Mantel-Cox test).

Figure 17. Effect of di-scFv (SEQ ID NO: 41) on Foci Accumulation. The percentage

of P53BP1-positive cells increased in HDR-deficient DLD1 and U251 cells following
5 24 hour PAT-DX1 and combination treatment(s).

KEY TO SEQUENCE LISTING
SEQ ID NO: 1 — Heavy Chain CDR1 KABAT

SEQ ID NO: 2 — Heavy Chain CDR2 (variants 2 — 4, 6 — 8, 10 - 12) KABAT
SEQ ID NO: 3 — Heavy Chain CDR?2 (variants 13 — 19) KABAT

SEQ ID NO: 4 — Heavy Chain CDR3 KABAT

SEQ ID NO: 5 — Light Chain CDR1 (variants 2 -4, 6 -8, 10 - 12) KABAT
SEQ ID NO: 6 — Light Chain CDR1 (variants 13 —19) KABA1

SEQ ID NO: 7 — Light Chain CDR2 KABAT

10

15

20

25

30

35

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

8 — Light Chain CDR3 KABAT

9 — Heavy Chain CDR1 IMGT

10 — Heavy Chain CDR2 (variants 2 -4, 6 — 8, 10 - 12) IMGT
11 — Heavy Chain CDR2 (variants 13 — 19) IMGT

12 — Heavy Chain CDR3 IMGT

13 — Light Chain CDR1 (variants 2 — 4, 6 - 8, 10 - 12) IMGT
14 — Light Chain CDRI1 (variants 13 - 19) IMGT

15 — Light Chain CDR2 IMGT

16 — Light Chain CDR3 IMGT

17 — Heavy Chain variable region (variants 2, 6 and 10)

18 — Heavy Chain variable region (variants 3, 7 and 11)

19 — Heavy Chain variable region (variants 4, 8 and 12)

20 — Heavy Chain variable region (variants 6 and 10)

21 — Heavy Chain variable region (variants 13, 16 and 19)

22 — Heavy Chain variable region (variants 14 and 17)

23 — Heavy Chain variable region (variants 15 and 18)

24 — Light Chain variable region (variants 2, 3 and 4)

25 — Light Chain variable region (variants 6, 7 and 8)

26 — Light Chain variable region (variants 10, 11 and 12)

27 — Light Chain variable region (variants 13, 14 and 15)
28 — Light Chain variable region (variants 16, 17 and 18)
29 — Light Chain variable region (variant 19)
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID-NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
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30 - Linker sequence 1
31 — Linker sequence 2
32 — Varnant 2

33 — Variant 3

34 — Varnant 4

35 — Variant 6

36 — Variant 7

37 — Vanant 8

38 — Variant 10

39 — Vanant 11

40 — Varnant 12

4] — Variant 13

42 — Variant 14

43 — Vanant 15

44 — Variant 16

45 — Variant 17

46 — Variant 18

47 — Vanant 19

SEQ ID NO: 48 — Heavy Chain variable region murine (D31N) anti-DNA binding

antibody

SEQ ID NO: 49 — Light Chain variable region murne (D31N) anti-DNA binding

antibody

SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
- SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

50 — (D31N) murine prototype produced from . pastoris
51 — DNA sequence Variant 2
52 — DNA sequence Variant 3
53 — DNA sequence Variant 4
54 — DNA sequence Variant 6
55 — DNA sequence Variant 7/
56 — DNA sequence Variant 8
57 — DNA sequence Variant 10
58 — DNA sequence Variant 11
59 — DNA sequence Variant 12
60 — DNA sequence Variant 13
61 — DNA sequence Variant 14
62 — DNA sequence Varnant 135
63 — DNA sequence Variant 16
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SEQ ID NO: 64 — DNA sequence Varnant 17

SEQ ID NO: 65 — DNA sequence Variant 18

SEQ ID NO: 66 — DNA sequence Variant 19

SEQ ID NO: 67 - (GGGGS)3 linker

SEQ ID NO: 68 — 3E10 human IgG1 L2345A/L235A heavy chain full length sequence
SEQ ID NO: 69 - 3E10 human IgG1 constant heavy region 1

SEQ ID NO: 70 - 3E10 human IgG1 hinge region

SEQ ID NO: 71 - 3E10 human IgG1 L2345A/L235A constant heavy region 2

SEQ ID NO: 72 - 3E10 human IgG1 constant heavy region 3

SEQ ID NO: 73 - 3E10 human IgG1 N297D heavy chain full length sequence

SEQ ID NO: 74 - 3E10 human IgG1 N297D constant heavy region 2

SEQ ID NO: 75 - 3E10 human IgG1l L2345A/L235A/N297D heavy chain full length
sequence

SEQ ID NO: 76 - 3E10 human IgG1 L2345A/L235A/N297D constant heavy region 2
SEQ ID NO: 77 — Unmodified constant heavy region 2

SEQ ID NO: 78 — Light chain full length sequence

DETAILED DESCRIPTION OF THE INVENTION

General Techniques and Selected Definitions

Unless specifically defined otherwise, all technical and scientific terms used
herein shall be taken to have the same meaning as commonly understood by one of
ordinary skill in the art (e.g., molecular biology, biochemistry, antibodies, antibody
fragments such as single chiain flaguent variable and clinical studics).

The term "cell-penetrating” is used in the context of the present disclosure (o
refer to an anti-DNA binding protein such as an antigen binding fragment that 1s
transported into the nucleus of living mammalian cells and binds DNA (e.g., single-
stranded and/or double-stranded DNA). In an example, a cell-penetrating anti-DNA
binding protein is transported into the nucleus of a cell without the aid of a camrier or
conjugate. |

The term “anti-DNA binding protein” is used in the context of the present
disclosure to refer to proteins capable of binding DNA. Exemplary binding proteins
include immunoglobulin, antibodies and antigenic binding fragments. Other examples
of binding proteins are discussed below.

The term “immunoglobulin” will be understood to include any anti-DNA
binding protein comprising an immunoglobulin domain. Exemplary immunoglobulins

are antibodies. Additional proteins encompassed by the term “immunoglobulin™
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include domain antibodies, camelid antibodies and antibodies from cartilaginous fish
(i.e., immunoglobulin new antigen receptors (IgNARs)). Generally, camelid antibodies
and IeNARs comprise a Vi, however lack a Vi and are often referred to as heavy chain
immunoglobulins. Other “immunoglobulins” include T cell receptors.

S The term “antibody” is used in the context of the present disclosure to refer to
immunoglobulin molecules immunologically reactive with a particular antigen and
includes both polyclonal and monoclonal antibodies. The term also includes
genetically engineered forms such as chimeric antibodies (e.g., humanized murine
antibodies) and heteroconjugate antibodies (e.g., bispecific antibodies). The term

10 “antibody” also includes antigen binding forms of antibodies, including fragments with
antigen-binding capability (e.g., Fab’, F(ab'),, Fab, Fv and rIgG as discussed 1n Pierce
Catalogue and Handbook, 1994-1995 (Pierce Chemical Co., Rockford, I11.); Kuby, J.,
Immunology, 3™ Ed., W.H. Freeman & Co., New York (1998). The term 1s also used
to refer to recombinant single chain Fv fragments (scFv) as well as divalent (d1-scFv)

15 and trivalent (tri-scFV) forms thereof. The term antibody also includes bivalent or
bispecific molecules, diabodies, triabodies, and tetrabodies. Examples of bivalent and
bispecific molecules are described in Kostelny et al. (1992) J Immunol 148:1547; Pack
and Pluckthun (1992) Biochemistry 31:1579; Hollinger et al., 1993, supra, Gruber et al.

| (1994) J. Immunol.:5368, Zhu et al. (1997) Protein Sci 6:781, Hu et al. (1996) Cancer
20 Res. 56:3055, Adams et al. (1993) Cancer Res. 53:4026, and McCartney, et al. (1995)
Protein Eng. 8:301.

An “antigen binding fragment” of an antibody comprises one or more variable
regions of an intact antibody. Examples of antibody fragments include Fab, Fab',
F(ab')2 and Fv fragments; diabodies; linear antibodies; single-chain antibody molecules

25 and multispecific antibodies formed from antibody fragments. For example, the term
antigen binding fragment may be used to refer to recombinant single chain Ev
fragments (scFv) as well as divalent (di-scFv) and trivalent (tri-scFV) forms thereof.
Such fragments can be produced via various methods known in the art. For example,
di-scFv encompassed by the present disclosure can be produced and purified by the

- 30 methods described in Example 1 below.

The terms “full-length antibody”, “intact antibody” or “whole antibody” are
used interchangeably to refer to an antibody in its substantially intact form, as opposed
to an antigen binding fragment of an antibody. Specifically, whole antibodies 1nclude
those with heavy and light chains including an Fc region. The constant domains may

35 be wild-type sequence constant domains (e.g., human wild-type sequence constant

domains) or amino acid sequence variants thereof.



CA 03070252 2020-01-16

WO 2019/018426 PCT/US2018/042532

11

As used herein, “variable region” refers to the portions of the light and/or heavy
chains of an antibody as defined herein that specifically binds to an antigen and, for
example, includes amino acid sequences of CDRs; 1.e., CDRI, CDR2, and CDR3, and
framework regions (FRs). For example, the variable region comprises three or four FRs

5 (e.g., FR1, FR2, FR3 and optionally FR4) together with three CDRs. Vn refers to the
variable region of the heavy chain. Vy refers to the variable region of the light chain.

As used herein, the term “complementarity determining regions” (syn. CDRs;
i.e.. CDRI, CDR?2, and CDR3) refers to the amino acid residues ol an antibody vanable
region the presence of which are major contributors to specific antigen binding. Each

10 variable region typically has three CDR regions identified as CDRI, CDR2 and CDR3.
In one example, the amino acid positions assigned to CDRs and FRs are defined
according to Kabat Sequences of Proteins of Immunological Interest, National
Institutes of Health, Bethesda, Md., 1987 and 1991 (also referred to herein as “‘the
Kabat numbering system” or “Kabat”.

15 Other conventions that include corrections or alternate numbering systems for
variable domains include IMGT (Lefranc, et al. (2003), Dev Comp Immunol 27: 55-
77), Chothia (Chothia C, Lesk AM (1987), J Mal Biol 196: 901-917; Chothia, et al.
(1989), Nature 342: 877-883) and AHo (Honegger A, Pliickthun A (2001) J Mol Biol
309: 657-670). For convenience, examples of binding proteins of the present

20 disclosure may also be labelled according to IMGT. These examples are expressly
indicated as such. For example, see SEQ ID NO: 9 - 16.

“Framework regions” (Syn. FR) are those variable domain residues other than
the CDK residues.

The term “constant region” as used herein, refers to a portion of heavy chain or

25 light chain of an antibody other than the variable region. In a heavy chain, the constant
region generally comprises a plurality of constant domains and a hinge region, e.g., a
IeG constant region comprises the following linked components, a constant heavy Cyul,
a linker, a Cu2 and a Cux3. In a heavy chain, a constant region comprises a Fc. In a
light chain, a constant region generally comprise one constant domain (a CL1).

30 The term “fragment crystalizable” or “Fc” or “Fc region” or “Fc portion™ (which
can be used interchangeably herein) refers to a region of an antibody comprising at
least one constant domain and which is generally (though not necessarily) glycosylated
and which is capable of binding to one or more Fc receptors and/or components of the
complement cascade. The heavy chain constant region can be selected from any of the

35 five isotypes: a, §, €, y, or u. Exemplary heavy chain constant regions are gamma 1
(IgG1), gamma 2 (IgG2) and gamma 3 (IgG3), or hybrids thereof.
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A “constant domain” is a domain in an antibody the sequence of which is highly
similar in antibodies/antibodies of the same type, e.g., IgG or IgM or IgE. A constant
region of an antibody generally comprises a plurality of constant domains, e.g., the
constant region of vy, a or 6 heavy chain comprises two constant domains.

S The term “naked” is used to refer to binding proteins of the present disclosure
that are not conjugated to another compound, e.g., a toxic compound or radiolabel. For
example, the term “naked” can be used to refer to binding proteins such as di-scFv that
are not conjugated to another compound. Accordingly, in one example, the binding
proteins of the present disclosure are “naked”. Put another way, the binding proteins of

10 the present disclosure can be un-conjugated.

In contrast, the term “conjugated” is used in the context of the present disclosure
to refer to binding proteins of the present disclosure that are conjugated to another
compound, e.g., a toxic compound such as a cytotoxic agent or radiolabel.
Accordingly, in one example, the binding proteins of the present disclosure are

15 “conjugated”.

The term "cytotoxic agent" as used herein refers to a substance that inhibits or
prevents a cellular function and/or causcs cell death or destruction. Cytotoxic agents
include. but are not limited to, radioactive isotopes (e.g., AB' !, 113!, 1125, Y%, Re'®,
Re!®® Sm!'*3, Bi, P, Pb and radioactive isotopes of Lu), chemotherapeutic agents or

20 drugs (e.g., methotrexate, adriamicin, vinca alkaloids (vincristine, vinblastine,
etoposide), doxorubicin, melphalan, mitomycin C, chlorambucil, daunorubicin or other
intercalating agents); growth inhibitory agents; enzymes and fragments thereof such as
nucleolytic enzymes; antibiotics; toxins such as small molecule toxins or enzymatically
active toxins of bacterial, fungal, plant or animal origin, including fragments and/or
25 variants thereof: and the various antitumor or anticancer agents disclosed below.

Terms such as "host cell," "host cell line," and "host cell culture” are used
interchangeably in the context of the present disclosure to refer to cells into which
exogenous nucleic acid has been introduced, including the progeny of such cells. Host
cells include "transformants" and "transformed cells," which include the primary

30 transformed cell and progeny derived therefrom without regard to the number of
passages. Progeny may not be completely identical in nucleic acid content to a parent
cell, but may contain mutations. Mutant progeny that have the same function or
biological activity as screened or selected for in the originally transformed cell are
included herein.

335 An "isolated nucleic acid" according to the present disclosure is a nucleic acid

molecule that has been separated from a component of its natural environment. An
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isolated nucleic acid includes a nucleic acid molecule contained in cells that ordinarily
contain the nucleic acid molecule, but the nucleic acid molecule 1s present
extrachromosomally or at a chromosomal location that 1s different from its natural
chromosomal location.

"Percent (%) amino acid sequence identity" with respect to a reference
polypeptide sequence is defined as the percentage of amino acid residues in a candidate
sequence that are identical with the amino acid residues in the reference polypeptide
sequence, after aligning the sequences and introducing gaps, 1f necessary, (0 achieve
the maximum percent sequence identity, and not considering any conservative
substitutions as part of the sequence identity. Alignment for purposes of determining
percent amino acid sequence identity can be achieved in various ways that are within
the skill of those practicing in the art, for instance, using publicly available computer
software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software.
Those skilled in the art can determine appropriate parameters for aligning sequénces,
including any algorithms needed to achieve maximal alignment over the full length of
the sequences being compared.

As used herein, the term “binds” in reference to the interaction of a binding
protein and an antigen means that the interaction is dependent upon the presence of a
particular structure (e.g., an antigenic determinant or epitope) on the antigen. For
example, a binding protein recognizes and binds to a specific antigen structure rather
than to antigens generally. For example, if a binding protein binds to epitope "A", the
presence of a molecule containing epitope “A” (or free, unlabeled “A”), in a reaction
containing labeled “A” and the binding protein, will reduce the amount of labclcd “A”
bound to the binding protein.

As used herein, the term “specifically binds” shall be taken to mean that the
binding interaction between a.binding protein and DNA is dependent on detection of
the DNA by the binding protein. Accordingly, the binding protein preferentially binds
or recognizes DNA even when present in a mixture of other molecules or organismes.

In one example, the binding protein reacts or associates more frequently, more
rapidly, with greater duration and/or with greater affinity with DNA than it docs with
alternative antigens or cells. It is also understood by reading this definition that, for
example, a binding protein specifically binds to DNA may or may not specifically bind
to a second antigen. As such, “specific binding” does not necessarily require exclusive
binding or non-detectable binding of another antigen. The term “specifically binds”
can be used interchangeably with “selectively binds” herein. Generally, reference

herein to binding means specific binding, and each term shall be understood to provide
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