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ANTI-L1-CAM ANTIBODIES AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority to US Provisional Appl. No.
62/520,382, filed June 15, 2017, the disclosure of which is incorporated by reference herein

in its entirety.

SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on June 14, 2018, is named 115872-0375 SL txt and is 147,283 bytes in

size.

TECHNICAL FIELD
[0003] The present technology relates generally to the preparation of immunoglobulin-
related compositions (e.g., antibodies or antigen binding fragments thereof) that specifically
bind L1-CAM protein and uses of the same. In particular, the present technology relates to
the preparation of L1-CAM neutralizing antibodies and their use in detecting and treating L1-

CAM associated cancers.

BACKGROUND
[0004] The following description of the background of the present technology is provided
simply as an aid in understanding the present technology and is not admitted to describe or

constitute prior art to the present technology.

[0005] The advent of chimeric antigen receptor (CAR) technology (Sadelain M et al.,
Cancer Discov 3:388-98 (2013)) s rapidly expanding the therapeutic investigations of anti-
L1-CAM redirected gene-modified T cells, with several clinical trials using L1-CAM-CAR
modified T cells: NCT00889954 (all L1-CAM(+) cancers), NCT01935843 (L1-CAM(+)
solid tumors). See Hong H et al., J Immunother 37:93-104 (2014). While T cells can
effectively target tumors having low levels of L1-CAM, there are concerns regarding

potential bystander toxicity in normal tissues that have low levels of L1-CAM expression.

[0006] Apart from toxicity, cell harvesting, processing, storage, transport and product
release regulations for lymphocyte therapy can be challenging, especially when the cells have
to be genetically modified. T cell exhaustion, survival and homing are suboptimal despite the

infusion of billions of these cells. Further, CAR-modified T cells are no exception to the
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immunosuppressive tumor microenvironment, where Tregs, tumor associated macrophages
and myeloid suppressor cells work in concert to circumvent the anti-tumor properties of CAR
modified T-cells. Furthermore, CAR modified T-cells are subject to the same
immunosuppressive constraints confronted by classic T-cells, including anergy following
engagement of CTLA4 by B7 or PD-1 by PD-L1 (B7-H1) on tumor cells. Clinically
effective alternatives to CAR modified T-cell therapy for the treatment of cancer are thus

warranted.

SUMMARY OF THE PRESENT TECHNOLOGY
[0007] In one aspect, the present disclosure provides an antibody or antigen binding
fragment thereof comprising a heavy chain immunoglobulin variable domain (Vy) and a light
chain immunoglobulin variable domain (V.), wherein (a) the Vi comprises a Vg-CDR1
sequence of GYTFTSYWMQ (SEQ ID NO: 53), a Vg-CDR2 sequence of
EINPSNGRTNYNEMFKS (SEQ ID NO: 54), and a Vg-CDR3 sequence of YDGYYAMDY
(SEQ ID NO: 55); and/or; (b) the Vi comprises a Vi.-CDR1 sequence of
KSSQSLLYSSNQKNYLA (SEQ ID NO: 56), a VL.-CDR2 sequence of WASTRES (SEQ ID
NO: 57), and a VL-CDR3 sequence of QQYHSYPFT (SEQ ID NO: 58). In some
embodiments of the antibody or antigen binding fragment, the Vi comprises the amino acid
sequence of SEQ ID NO: 1 and the VL comprises amino acid sequence of SEQ ID NO: 3.
Additionally or alternatively, the antibody may further comprise an Fc domain of an isotype
selected from the group consisting of IgG1, IgG2, 1gG3, IgG4, IgAl, IgA2, IgM, IgD, and
IgE. In some embodiments, the antibody comprises an I[gG1 constant region comprising one
or more amino acid substitutions selected from the group consisting of N297A and K322A.
Additionally or alternatively, in some embodiments, the antibody comprises an IgG4 constant
region comprising a S228P mutation. In certain embodiments, the antigen binding fragment
is selected from the group consisting of Fab, F(ab’),, Fab’, scFy, and Fy. In some
embodiments, the antibody is a monoclonal antibody, chimeric antibody, humanized
antibody, or a bispecific antibody. In certain embodiments, the antibody or antigen binding
fragment binds to an epitope of L1-CAM protein comprising at least five to eight consecutive
amino acid residues of the 2nd Ig-like domain of L1-CAM (SEQ ID NO: 74). In some

embodiments, the epitope is a conformational epitope.

[0008] In another aspect, the present disclosure provides an antibody comprising a heavy
chain (HC) amino acid sequence of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 17, SEQ
ID NO: 18, SEQ ID NO: 26, SEQ ID NO: 30, SEQ ID NO: 42, SEQ ID NO: 46, SEQ ID NO:
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49, SEQ ID NO: 51, or a variant thereof having one or more conservative amino acid
substitutions, and/or a light chain (LC) amino acid sequence of SEQ ID NO: 13, SEQ ID NO:
14, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 25, SEQ ID NO: 29, SEQ ID NO: 41,
SEQ ID NO: 45, SEQ ID NO: 50, SEQ ID NO: 52, or a variant thereof having one or more
conservative amino acid substitutions. In certain embodiments, the antibody comprises a HC
amino acid sequence and a LC amino acid sequence selected from the group consisting of:
SEQ ID NO: 9 and SEQ ID NO: 13 (huE71 H1/L1); SEQ ID NO: 9 and SEQ ID NO: 14
(huE71 H1/L2); SEQ ID NO: 10 and SEQ ID NO: 13 (huE71 H2/L1); SEQ ID NO: 10 and
SEQ ID NO: 14 (huE71 H2/L2); SEQ ID NO: 17 and SEQ ID NO: 21 (huE72 H1/L1); SEQ
ID NO: 17 and SEQ ID NO: 22 (huE72 H1/L2); SEQ ID NO: 18 and SEQ ID NO: 21 (huE72
H2/L1); SEQ ID NO: 18 and SEQ ID NO: 22 (huE72 H2/L2); SEQ ID NO: 26 and SEQ ID
NO: 25 (chE711gG1); SEQ ID NO: 30 and SEQ ID NO: 29 (chE72 IgG1); SEQ ID NO: 42
and SEQ ID NO: 41 (chE711gG4); SEQ ID NO: 46 and SEQ ID NO: 45 (huE711gG4);, SEQ
ID NO: 49 and SEQ ID NO: 50 (huE71 BsAb); and SEQ ID NO: 51 and SEQ ID NO: 52
(huE72 BsAb).

[0009] In one aspect, the present disclosure provides an antibody comprising (a) a light
chain immunoglobulin variable domain sequence that is at least 80%, at least 85%, at least
90%, at least 95%, or at least 99% identical to the light chain immunoglobulin variable
domain sequence present in any one of SEQ ID NOs: 13, 14, 21, 22, 25, 29, 41, 45, 50 or 52;
and/or (b) a heavy chain immunoglobulin variable domain sequence that is at least 80%, at
least 85%, at least 90%, at least 95%, or at least 99% identical to the heavy chain
immunoglobulin variable domain sequence present in any one of SEQ ID NOs: 9, 10, 17, 18,

26, 30, 42, 46, 49, and 51.

[0010] In another aspect, the present disclosure provides an antibody comprising (a) a LC
sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%
identical to the LC sequence present in any one of SEQ ID NOs: 13, 14, 21, 22, 25, 29, 41,
45, 50 or 52; and/or (b) a HC sequence that is at least 80%, at least 85%, at least 90%, at least
95%, or at least 99% identical to the HC sequence present in any one of SEQ ID NOs: 9, 10,
17, 18, 26, 30, 42, 46, 49, and 51.

[0011] In any of the above embodiments, the antibody is a chimeric antibody, a
humanized antibody, or a bispecific antibody. Additionally or alternatively, in some
embodiments, the antibody comprises an IgG1 constant region comprising one or more

amino acid substitutions selected from the group consisting of N297A and K322A. In certain
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embodiments, the antibody of the present technology comprises an IgG4 constant region
comprising a S228P mutation. In any of the above embodiments, the antibody binds to an
epitope of L1-CAM protein comprising at least five to eight consecutive amino acid residues
of the 2nd Ig-like domain of L1-CAM (SEQ ID NO: 74) or the 6th Ig-like domain of L1-
CAM (SEQ ID NO: 75). In some embodiments, the epitope is a conformational epitope.
Additionally or alternatively, in some embodiments, the antibody of the present technology
lacks a-1,6-fucose modifications.

[0012] In one aspect, the present disclosure provides a recombinant nucleic acid sequence
encoding any of the antibodies described herein. In some embodiments, the recombinant
nucleic acid sequence selected from the group consisting of: SEQ ID NOs: 11, 12, 15, 16, 19,
20, 23,24, 27, 28, 31, 32, 43, 44, 47 and 48.

[0013] In another aspect, the present disclosure provides a host cell or vector comprising
any of the recombinant nucleic acid sequences disclosed herein.

[0014] In one aspect, the present disclosure provides a composition comprising an
antibody or antigen binding fragment of the present technology and a pharmaceutically-
acceptable carrier, wherein the antibody or antigen binding fragment is optionally conjugated
to an agent selected from the group consisting of isotopes, dyes, chromagens, contrast agents,
drugs, toxins, cytokines, enzymes, enzyme inhibitors, hormones, hormone antagonists,
growth factors, radionuclides, metals, liposomes, nanoparticles, RNA, DNA or any
combination thereof.

[0015] In some embodiments of the bispecific antibody of the present technology, the
bispecific antibody binds to T cells, B-cells, myeloid cells, plasma cells, or mast-cells.
Additionally or alternatively, in some embodiments, the bispecific antibody binds to CD3,
CD4, CD8, CD20, CD19, CD21, CD23, CD46, CD80, HLA-DR, CD74, CD22, CD14,
CD15, CD16, CD123, TCR gamma/delta, NKp46, KIR, or a small molecule DOTA hapten.
The small molecule DOTA hapten may be selected from the group consisting of DOTA,
DOTA-Bn, DOTA-desferrioxamine, DOTA-Phe-Lys(HSG)-D-Tyr-Lys(HSG)-NH,, Ac-
Lys(HSG)D-Tyr-Lys(HSG)-Lys(Tscg-Cys)-NH,, DOTA-D-Asp-D-Lys(HSG)-D-Asp-D-
Lys(HSG)-NH,; DOTA-D-Glu-D-Lys(HSG)-D-Glu-D-Lys(HSG)-NH,, DOTA-D-Tyr-D-
Lys(HSG)-D-Glu-D-Lys(HSG)-NH,, DOTA-D-Ala-D-Lys(HSG)-D-Glu-D-Lys(HSG)-
NH,, DOTA-D-Phe-D-Lys(HSG)-D-Tyr-D-Lys(HSG)-NH,, Ac-D-Phe-D-Lys(DOTA)-D-
Tyr-D-Lys(DOTA)-NH,, Ac-D-Phe-D-Lys(DTPA)-D-Tyr-D-Lys(DTPA)-NH,, Ac-D-Phe-
D-Lys(Bz-DTPA)-D-Tyr-D-Lys(Bz-DTPA)-NH,, Ac-D-Lys(HSG)-D-Tyr-D-Lys(HSG)-D-
Lys(Tscg-Cys)-NH,, DOTA-D-Phe-D-Lys(HSG)-D-Tyr-D-Lys(HSG)-D-Lys(Tscg-Cys)-
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NH,, (Tscg-Cys)-D-Phe-D-Lys(HSG)-D-Tyr-D-Lys(HSG)-D-Lys(DOTA)-NH,, Tscg-D-
Cys-D-Glu-D-Lys(HSG)-D-Glu-D-Lys(HSG)-NH,, (Tscg-Cys)-D-Glu-D-Lys(HSG)-D-Glu-
D-Lys(HSG)-NH;, Ac-D-Cys-D-Lys(DOTA)-D-Tyr-D-Ala-D-Lys(DOTA)-D-Cys-NH,, Ac-
D-Cys-D-Lys(DTPA)-D-Tyr-D-Lys(DTPA)-NH,, Ac-D-Lys(DTPA)-D-Tyr-D-Lys(DTPA)-
D-Lys(Tscg-Cys)-NH,, and Ac-D-Lys(DOTA)-D-Tyr-D-Lys(DOTA)-D-Lys(Tscg-Cys)-
NH,.

[0016] In another aspect, the present disclosure provides a method for treating a L1-CAM
associated cancer in a subject in need thereof, comprising administering to the subject an
effective amount of any one of the antibodies disclosed herein. In certain embodiments, the
antibody comprises a HC amino acid sequence and a LC amino acid sequence selected from
the group consisting of: (i) SEQ ID NO: 9 and SEQ ID NO: 13 (huE71 H1/L1); (i1) SEQ ID
NO: 9 and SEQ ID NO: 14 (huE71 H1/L2); (iii) SEQ ID NO: 10 and SEQ ID NO: 13 (huE71
H2/L.1); (iv) SEQ ID NO: 10 and SEQ ID NO: 14 (huE71 H2/L2); (v) SEQ ID NO: 17 and
SEQ ID NO: 21 (huE72 H1/L1); (vi) SEQ ID NO: 17 and SEQ ID NO: 22 (huE72 H1/L2),
(vil) SEQ ID NO: 18 and SEQ ID NO: 21 (huE72 H2/L.1); (viii) SEQ ID NO: 18 and SEQ ID
NO: 22 (huE72 H2/L2); (ix) SEQ ID NO: 26 and SEQ ID NO: 25 (chE711gG1); (x) SEQ ID
NO: 30 and SEQ ID NO: 29 (chE72 IgG1); (xi) SEQ ID NO: 42 and SEQ ID NO: 41
(chE711gG4); (xi1) SEQ ID NO: 46 and SEQ ID NO: 45 (huE711gG4); (xii1) SEQ ID NO: 49
and SEQ ID NO: 50 (huE71 BsAb); and (xiv) SEQ ID NO: 51 and SEQ ID NO: 52 (huE72
BsAb), wherein the antibody specifically binds to and neutralizes L1-CAM activity.

[0017] In some embodiments, the L1-CAM associated cancer is leukemia, Ewing’s
sarcoma, neuroblastoma, osteosarcoma, glioblastoma multiforme, ovarian cancer,
endometrial cancer, uterine cancer, triple negative breast cancer, melanoma, clear cell renal
cell cancer, pheochromacytoma and paraganglioma, mesothelioma, small cell lung cancer
(SCLC), non- small cell lung cancer, NSCLC, pancreatic ductal cancer, colon cancer,
pancreatic cancer, hepatocellular carcinoma, gastric cancer, cholangiocarcinoma, carcinoid,
neuroendocrine tumors, gastrointestinal stromal tumor (GIST), pheochromocytoma, glioma,
pancreatic neuroectodermal cancer, pancreatic adenocarcinoma, colorectal cancer, renal cell
carcinoma, tumor blood vessels, chondrosarcoma, esophageal adenocarcinoma,
oligodendroglioma, astrocytoma, ependymoma, pancreatic neuroendocrine carcinoma,
adrenal adenoma, leiomyosarcoma, liposarcoma, granular cell tumor of the ovary,
schwannoma, primitive neuroectodermal tumor (PNET), epitheliod sarcoma,

esthesioneuroblastoma, medulloblastoma, capillary hemangioma, Kaposi sarcoma,
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rhabdomyosarcoma, submaxillary salivary gland cancer, or head and neck squamous cell
carcinoma.

[0018] Additionally or alternatively, in some embodiments of the method, the antibody is
administered to the subject separately, sequentially or simultaneously with an additional
therapeutic agent. Examples of additional therapeutic agents include one or more of
alkylating agents, platinum agents, taxanes, vinca agents, anti-estrogen drugs, aromatase
inhibitors, ovarian suppression agents, VEGF/VEGFR inhibitors, EGF/EGFR inhibitors,
PARP inhibitors, cytostatic alkaloids, cytotoxic antibiotics, antimetabolites,
endocrine/hormonal agents, bisphosphonate therapy agents.

[0019] In another aspect, the present disclosure provides a method for detecting a tumor
in a subject in vivo comprising (a) administering to the subject an effective amount of an
antibody of the present technology, wherein the antibody is configured to localize to a tumor
expressing L1-CAM and is labeled with a radioisotope; and (b) detecting the presence of a
tumor in the subject by detecting radioactive levels emitted by the antibody that are higher
than a reference value. In some embodiments, the subject is diagnosed with or is suspected
of having cancer. Radioactive levels emitted by the antibody may be detected using positron
emission tomography or single photon emission computed tomography.

[0020] Additionally or alternatively, in some embodiments, the method further comprises
administering to the subject an effective amount of an immunoconjugate comprising an
antibody of the present technology conjugated to a radionuclide. In some embodiments, the
radionuclide is an alpha particle-emitting isotope, a beta particle-emitting isotope, an Auger-
emitter, or any combination thereof. Examples of beta particle-emitting isotopes include *Y,
0y, ¥Sr, 1Dy, "Re, **Re, ""Lu, and “’Cu. In some embodiments of the method,
nonspecific FcR-dependent binding in normal tissues is eliminated or reduced (e.g., via
N297A mutation in Fc region, which results in aglycosylation).

[0021] Also disclosed herein are kits for the detection and/or treatment of L1-CAM
associated cancers, comprising at least one immunoglobulin-related composition of the
present technology (e.g., any antibody or antigen binding fragment described herein), or a
functional variant (e.g., substitutional variant) thereof. In certain embodiments, the
immunoglobulin-related composition is coupled to one or more detectable labels. In one
embodiment, the one or more detectable labels comprise a radioactive label, a fluorescent

label, or a chromogenic label.



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645

[0022] Additionally or alternatively, in some embodiments, the kit further comprises a
secondary antibody that specifically binds to an anti-L1-CAM immunoglobulin-related
composition described herein. In some embodiments, the secondary antibody is coupled to at
least one detectable label selected from the group consisting of a radioactive label, a

fluorescent label, or a chromogenic label.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] Figure 1 shows the molecular structure of human L1-CAM.

[0024] Figure 2 shows L1-CAM interaction with integrins and cell signaling (adapted
from Gavert et al., Expert opinion Biol Therapy 8:1749, 2008).

[0025] Figure 3 shows the expression of L1-CAM in normal human tissues (adapted from
Weidle et al., Anticancer Research 29: 4919-4932, 2009).

[0026] Figure 4 shows the expression of L1-CAM among human tumors (adapted from
Rawnaq T et al., J Surg Res 173:314-9 (2012).

[0027] Figure 5 shows the different murine and chimeric antibodies directed at L1-CAM.

[0028] Figure 6 shows the amino acid sequences of the heavy-chain variable domain (Vy)
and light-chain variable domain (Vi) of the murine antibody E71 and their homologous
human sequences (SEQ ID NOs: 1-4). The CDRs of the heavy and light chains of murine

E71 and their homologous human sequences are underlined.

[0029] Figure 7 shows the amino acid sequences of the Vg and Vi of the murine antibody
E72 and their homologous human sequences (SEQ ID NOs: 5-8). The CDRs of the heavy
and light chains of murine E72 and their homologous human sequences are underlined. The
Vu CDRI1, Vg CDR2, and Vg CDR3 amino acid sequences of E72 are GYWMH (SEQ ID
NO: 68), EINPSNGRTNYNERFKS (SEQ ID NO: 69) and DYYGTSYNFDY (SEQ ID NO:
70) respectively and the Vi, CDR1, VL CDR2, and Vy, CDR3 amino acid sequences of E72
are KANEDINNRLA (SEQ ID NO: 71), GATNLVT (SEQ ID NO: 72), and QQYWSTPFT
(SEQ ID NO: 73) respectively.

[0030] Figure 8 shows the amino acid sequences of the humanized heavy chains of E71

(SEQ ID NOs: 9-10).

[0031] Figure 9 shows the cDNA sequences of the humanized heavy chains of E71 (SEQ
ID NOs: 11-12).
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[0032] Figure 10 shows the amino acid sequences of the humanized light chains of E71
(SEQ ID NOs: 13-14).

[0033] Figure 11 shows the cDNA sequences of the humanized light chains of E71 (SEQ
ID NOs: 15-16).

[0034] Figure 12 shows the amino acid sequences of the humanized heavy chains of E72
(SEQ ID NOs: 17-18).

[0035] Figure 13 shows the cDNA sequences of the humanized heavy chains of E72
(SEQ ID NOs: 19-20).

[0036] Figure 14 shows the amino acid sequences of the humanized light chains of E72
(SEQ ID NOs: 21-22).

[0037] Figure 15 shows the cDNA sequences of the humanized light chains of E72 (SEQ
ID NOs: 23-24).

[0038] Figure 16 shows the amino acid sequences of the heavy chain and light chain of
chimeric chE71 (SEQ ID NOs: 25-26).

[0039] Figure 17 shows the cDNA sequences of the heavy chain and light chain of
chimeric chE71 (SEQ ID NOs: 27-28).

[0040] Figure 18 shows the amino acid sequences of the heavy chain and light chain of

chimeric chE72 (SEQ ID NOs: 29-30).

[0041] Figure 19 shows the cDNA sequences of the heavy chain and light chain of
chimeric chE72 (SEQ ID NOs: 31-32).

[0042] Figure 20 shows the amino acid and cDNA sequences of the heavy chain of
huE71 (SEQ ID NOs: 33-34).

[0043] Figure 21 shows the amino acid and cDNA sequences of the light chain of huE71
(SEQ ID NOs: 35-36).

[0044] Figure 22 shows the amino acid and cDNA sequences of the heavy chain of
huE72 (SEQ ID NOs: 37-38).

[0045] Figure 23 shows the amino acid and cDNA sequences of the light chain of huE72
(SEQ ID NOs: 39-40).
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[0046] Figure 24 shows the amino acid sequences of the heavy chain and light chain of

chimeric IgG4, chE71-IgG4 (SEQ ID NOs: 41-42).

[0047] Figure 25 shows the cDNA sequences of the heavy chain and light chain of
chimeric IgG4, chE71-IgG4 (SEQ ID NOs: 43-44).
[0048] Figure 26 shows the amino acid sequences of the heavy chain and light chain of

humanized IgG4, huE71-IgG4 (SEQ ID NOs: 45-46).

[0049] Figure 27 shows the cDNA sequences of the heavy chain and light chain of
humanized IgG4, huE71-IgG4 (SEQ ID NOs: 47-48).

[0050] Figure 28 shows the kinetics of humanized E71 or E72 IgG1s and BsAbs binding.

[0051] Figure 29 shows the binding kinetics of the humanized IgG variants of huE71
assayed on L1-CAM-Fc using SPR (Biacore T100).

[0052] Figure 30 shows the binding kinetics of the humanized IgG variants of huE72
assayed on L1-CAM-Fc using SPR (Biacore T100).

[0053] Figure 31 shows the binding kinetics of the humanized IgG variants of huE72
assayed on L1-CAM-His using SPR (Biacore T100).

[0054] Figure 32 shows the cell surface staining of mesothelioma cell lines by flow

cytometry using mouse E71 and MOPC21 as control.

[0055] Figure 33 shows the cell surface staining of leukemia, breast cancer and Ewings

sarcoma cell lines by flow cytometry using humanized huE71-IgGn and Rituxan as control.

[0056] Figure 34 shows the cell surface staining of melanoma, neuroblastoma,
osteosarcoma, rhabdomyosarcoma, small cell lung cancer (SCLC) and head and neck cancer

by flow cytometry using humanized huE71-IgGn and Rituxan as control.

[0057] Figure 35 shows the construction of the T-cell engaging bispecific antibodies
(BsAb) for both huE71 and huE72.

[0058] Figure 36 shows the amino acid sequences (Vg and V) of T-cell engaging
bispecific antibodies (BsAb) huE71-BsAb and huE72-BsAb (SEQ ID NOs: 49-52).

[0059] Figure 37 shows the binding kinetics of humanized huE71 or huE72 IgGs and
their BsAbs on L1-CAM -Fc using SPR (Biacore T100).
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[0060] Figure 38(A) shows the binding of humanized E71-BsAb and humanized E72-
BsAb to L1-CAM (+) tumor cells. Figure 38(B) shows the binding of humanized E71-BsAb
and humanized E72-BsAb to T cells.

[0061] Figure 39(A) shows the results of the IL-6 cytokine release assay for the
antibodies of the present technology in the presence or absence of a L1-CAM (+) tumor cell
line. Figure 39(B) shows the results of the IL-10 cytokine release assay for the antibodies of
the present technology in the presence or absence of a L1-CAM (+) tumor cell line. Figure
39(C) shows the results of the IFN-y cytokine release assay for the antibodies of the present
technology in the presence or absence of a L1-CAM (+) tumor cell line. Figure 39(D) shows
the results of the IL-2 cytokine release assay for the antibodies of the present technology in
the presence or absence of a L1-CAM (+) tumor cell line. Figure 39(E) shows the results of
the TNF-a cytokine release assay for the antibodies of the present technology in the presence

or absence of a LI-CAM (+) tumor cell line.

[0062] Figure 40 shows the results of the >'chromium release assay. Humanized E71-
BsAb or humanized E72-BsAb was incubated with T cells and IMR-32 luciferase cell line
(E:T ratio = 10:1) for 4 hours.

[0063] Figure 41 shows the cytotoxicity (EC50) of humanized E71-BsAb or humanized
E72-BsAb, and L1-CAM expression of tumor cell lines (Mean Fluorescence Index or MFI).

[0064] Figure 42(A) shows that the cytotoxicity (EC50) of humanized E71-BsAb was
inversely correlated with the L1-CAM expression of tumor cell lines (MFI). Figure 42(B)
shows that the cytotoxicity (EC50) of humanized E72-BsAb was inversely correlated with the
L1-CAM expression of tumor cell lines (MFI).

[0065] Figure 43 shows the effects of huE71-BsAb and huE72-BsAb against
neuroblastoma tumor in a humanized mouse model. L1-CAM (+) neuroblastoma patient
derived xenograft (PDX) was transplanted in DKO mice subcutaneously. HuE71-BsAb or
huE72-BsAb treatments were initiated on day 15, when tumors were measurable, using a
dosing schedule of two injections per week for five weeks. PBMCs (7.5 x 10°) were
administered intravenously starting on day 16, followed by weekly injections for 3 weeks.
The size of the tumors was measured weekly. Mice treated with huE72-BsAb and PBMCs
had tumor growth equivalent to control. HuE71-BsAb with PBMCs significantly suppressed

tumor growth.
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[0066] Figure 44 shows the effects of huE71-BsAb and huE72-BsAb against
neuroblastoma tumor in a humanized mouse model. L1-CAM (+) neuroblastoma cell line
IMR32 was mixed with human PBMC and planted in DKO mice subcutaneously. HuE71-
BsAb or huE72-BsAb treatments were initiated on day 5, when tumors were measurable,
using a dosing schedule of two injections per week for five weeks. The size of the tumors
was measured weekly. Mice treated with huE72-BsAb or control (aglycosylated huE71-1gG1
+ aglycosylated huOKT3) had equivalent tumor growth. HuE71-BsAb or huE71-IgGn
significantly suppressed tumor growth.

[0067] Figure 45 shows serial PET imaging of *¥’Zr-HuE71-IgGn (MAGE). Small-animal
PET imaging in a subcutaneous ovarian cancer tumor model revealed high tumor and lymph
node activity concentration. Representative maximal intensity projection (MIP) PET images
of ¥Zr-HuE71-1 MAGE (192-197 puCi in 150 pL of PBS injected via tail vein) in athymic
nude mice bearing subcutaneous SKOV-3 tumors xenografted on the right shoulder.

Selective tumor uptake was early at 24 hours and persistently improved through 96 hours.

[0068] Figure 46 shows Serial PET imaging of *Zr-HuE72-IgGn (MAGE). Small-
animal PET imaging in a subcutaneous ovarian cancer tumor model revealed high tumor and
lymph node activity concentration. Representative maximal intensity projection (MIP) PET
images of *Zr-HuE72-IgGn (MAGE) (~200 puCi in 150 pL of PBS injected via tail vein) in
athymic nude mice bearing subcutaneous SKOV-3 tumors xenografted on the right shoulder.

Selective tumor uptake was suboptimal at 24 hours; it did improve overtime.

[0069] Figure 47 shows a summary table of the characteristics of the humanized anti-L 1-

CAM antibodies of the present technology.

[0070] Figures 48(A)-48(E) show the immunoreactivity of *Zr-radiolabeled L1-CAM
antibodies of the present technology. The radioimmunoconjugates were functionally
characterized for binding to antigen-expressing cells (SKOV-3) and the determination of the
immunoreactive fraction via Lindmo assays (Ben QW et al., Ann Surg Oncol 17:2213-21
(2010)). Aliquots of each radioimmunoconjugate, 50 uL. of 1 uCi/mL stock were added to
tubes containing 5.0 x 10° — 5.0 x 10° cells/mL (in triplicate) in 500 pL PBS, 1% BSA (pH
7.4 to a final volume of 550 uL). Cell bound activity was counted and data graphed on
double-reciprocal plot. Immunoreactive fractions are presented as mean percentages of

triplicate samples + SEM.
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[0071] Figure 49 shows the serial PET imaging of *Zr-HuE71-1 WT antibody. Small-
animal PET imaging in a subcutaneous ovarian cancer tumor model revealed high tumor,
liver and lymph node activity concentration. Representative maximal intensity projection
(MIP) PET images of *Zr-HuE71-1 WT (194-201 pCi in 150 pL of PBS injected via tail
vein) in athymic nude mice bearing subcutaneous L 1-CAM-positive SKOV-3 tumors

xenografted on the right shoulder.

[0072] Figure 50 shows the serial PET imaging of ¥Zr-HuE71-1 Aglyco antibody.
Small-animal PET imaging in a subcutaneous ovarian cancer tumor model revealed high
tumor and very low background activity concentration. Representative maximal intensity
projection (MIP) PET images of *Zr-HuE71-1 Aglyco (207-214 pCi in 150 pL of PBS
injected via tail vein) in athymic nude mice bearing subcutaneous L1-CAM -SKOV-3 tumors

xenografted on the right shoulder.

[0073] Figure 51 shows the serial PET imaging of *Zr-HuE71-4 WT antibody. Small-
animal PET imaging in a subcutaneous ovarian cancer tumor model revealed high tumor and
kidney activity concentration. Representative maximal intensity projection (MIP) PET
images of ¥Zr-HuE71-4 WT (198-204 uCi in 150 pL of PBS injected via tail vein) in
athymic nude mice bearing subcutaneous L1-CAM -positive SKOV-3 tumors xenografted on

the right shoulder.

[0074] Figure 52 shows the serial PET imaging of *Zr-HuE71-4 Mutant antibody.
Small-animal PET imaging in a subcutaneous ovarian cancer tumor model revealed high
tumor and background tissue activity while kidney activity appeared minimal.
Representative maximal intensity projection (MIP) PET images of **Zr-HuE71-4 Mutant
(206-212 uCi in 150 pL of PBS injected via tail vein) in athymic nude mice bearing
subcutaneous L1-CAM -positive SKOV-3 tumors xenografted on the right shoulder.

[0075] Figure 53 shows the serial PET imaging of *Zr-HuCtrl-4 WT antibody. Small-
animal PET imaging in a subcutaneous ovarian cancer tumor model revealed low tumor but
high kidney activity. Representative maximal intensity projection (MIP) PET images of *Zr-
HuCtrl-4 WT (200-211 uCi in 150 pL of PBS injected via tail vein) in athymic nude mice
bearing subcutaneous L1-CAM -positive SKOV-3 tumors xenografted on the right shoulder.

[0076] Figure 54 shows the ex vivo biodistribution of IgG1 antibodies 96 hours post-
injection of tracer. Acute biodistribution of radioimmunoconjugates in SKOV-3 tumor-

bearing mice. Biodistribution data from athymic nude mice (n = 4 per group) following the
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administration of IgG1 radioimmunoconjugates via tail vein injection (17-24 puCi, 3-6 ug). A
50-fold excess was co-injected for the blocking groups. %ID/g values listed in Figure 55.
Asterisk indicates P < 0.05.

[0077] Figure 55 shows the ex vivo biodistribution values of IgG1 antibodies 96 hours

post-injection.

[0078] Figure 56 shows the ex vivo biodistribution of IgG4 antibodies 96 hours post-
injection of tracer. Acute biodistribution of radioimmunoconjugates in SKOV-3 tumor-
bearing mice. Biodistribution data from athymic nude mice (n = 4 per group) following the
administration of IgG4 radioimmunoconjugates via tail vein injection (21-26 puCi, 3-6 ug). A
50-fold excess was co-injected for the blocking groups. %ID/g values listed in Figure 57.
Asterisk indicates P < 0.05.

[0079] Figure 57 shows the ex vivo biodistribution values of IgG4 antibodies 96 hours

post-injection.

[0080] Figure 58 shows the ex vivo histological analysis of tumor and lymph node tissue.
Tumor and lymph node tissue of mice injected with specified radioimmunoconjugate were

collected, embedded in paraffin and subjected to routine H&E staining and analysis.

[0081] Figures 59(A)-59(C) show the results for '""Lu-HuE71-1 Aglyco imaging and ex
vivo biodistribution. Figure 59(A): SPECT-CT image of athymic nude SKOV-3 tumor
bearing mouse 168 hours post-injection of '""Lu- HuE71-1 Aglyco (858 pCi in 150 uL of
PBS). Figure 59(B): Cerenkov image of athymic nude SKOV-3 tumor bearing mouse 168
hours post-injection of '""Lu-HuE71-1 Aglyco (858 uCi in 150 uL of PBS). Figure 59(C):
EXx vivo biodistribution of athymic nude SKOV-3 tumor bearing mouse 168 hours post-

injection of """Lu-HuE71-1 Aglyco (18-26 uCi in 150 pL of PBS, n=4).

[0082] Figure 60 shows the average tumor volumes in animals subjected to '’ 'Lu-HuE71-
1 Aglyco radioimmunotherapy. Plot of the average tumor volume for each cohort of mice
during the first 80 days of the PRIT study are shown with error bars denoting standard
deviation. Black arrow indicates first injection of the specified treatment and gray arrow
indicates second dose of '""Lu-HuE71-1 Aglyco in the fractionated dose group. Tumor
volumes were acquired using hand-held TM900 scanner (Peira, Brussels, BE). After initial
tumor measurements, mice were randomized into groups (n = 8-9 per group), ensuring all

cohorts had approximately equal average tumor volumes to start.

[0083] Figure 61 shows that huE71-IgG1n mediates ADCC in LAN-1 cell line.
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[0084] Figure 62 shows that huE71-IgG1n mediates ADCC in NB1691 cell line.

DETAILED DESCRIPTION
[0085] It is to be appreciated that certain aspects, modes, embodiments, variations and
features of the present methods are described below in various levels of detail in order to

provide a substantial understanding of the present technology.

[0086] The present disclosure generally provides immunoglobulin-related compositions (e.g.,
antibodies or antigen binding fragments thereof), which can specifically bind to and
neutralize the biological activity of L1-CAM polypeptides. The immunoglobulin-related
compositions of the present technology are useful in methods for detecting or treating L 1-
CAM associated cancers in a subject in need thereof. Accordingly, the various aspects of the
present methods relate to the preparation, characterization, and manipulation of anti-L1-CAM
antibodies. The immunoglobulin-related compositions of the present technology are useful
alone or in combination with additional therapeutic agents for treating cancer. In some
embodiments, the immunoglobulin-related composition is a humanized antibody, a chimeric
antibody, or a bispecific antibody.

[0087] In practicing the present methods, many conventional techniques in molecular
biology, protein biochemistry, cell biology, immunology, microbiology and recombinant
DNA are used. See, e.g., Sambrook and Russell eds. (2001) Molecular Cloning: A
Laboratory Manual, 3rd edition; the series Ausubel et al. eds. (2007) Current Protocols in
Molecular Biology, the series Methods in Enzymology (Academic Press, Inc., N.Y.);
MacPherson et al. (1991) PCR 1: A Practical Approach (IRL Press at Oxford University
Press); MacPherson ef al. (1995) PCR 2: A Practical Approach; Harlow and Lane eds. (1999)
Antibodies, A Laboratory Manual, Freshney (2005) Culture of Animal Cells: A Manual of
Basic Technique, 5th edition; Gait ed. (1984) Oligonucleotide Synthesis; U.S. Patent No.
4,683,195, Hames and Higgins eds. (1984) Nucleic Acid Hybridization, Anderson (1999)
Nucleic Acid Hybridization, Hames and Higgins eds. (1984) Transcription and Translation;
Immobilized Cells and Enzymes (IRL Press (1986)); Perbal (1984) A Practical Guide to
Molecular Cloning; Miller and Calos eds. (1987) Gene Transfer Vectors for Mammalian
Cells (Cold Spring Harbor Laboratory); Makrides ed. (2003) Gene Transfer and Expression
in Mammalian Cells; Mayer and Walker eds. (1987) Immunochemical Methods in Cell and
Molecular Biology (Academic Press, London); and Herzenberg ez al. eds (1996) Weir'’s
Handbook of Experimental Immunology. Methods to detect and measure levels of

polypeptide gene expression products (i.e., gene translation level) are well-known in the art
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and include the use of polypeptide detection methods such as antibody detection and
quantification techniques. (See also, Strachan & Read, Human Molecular Genetics, Second

Edition. (John Wiley and Sons, Inc., NY, 1999)).

Definitions

[0088] Unless defined otherwise, all technical and scientific terms used herein generally
have the same meaning as commonly understood by one of ordinary skill in the art to which
this technology belongs. As used in this specification and the appended claims, the singular
forms “a”, “an” and “the” include plural referents unless the content clearly dictates
otherwise. For example, reference to “a cell” includes a combination of two or more cells,
and the like. Generally, the nomenclature used herein and the laboratory procedures in cell
culture, molecular genetics, organic chemistry, analytical chemistry and nucleic acid

chemistry and hybridization described below are those well-known and commonly employed

in the art.

[0089] As used herein, the term “about” in reference to a number is generally taken to
include numbers that fall within a range of 1%, 5%, or 10% in either direction (greater than
or less than) of the number unless otherwise stated or otherwise evident from the context

(except where such number would be less than 0% or exceed 100% of a possible value).

[0090] As used herein, the “administration” of an agent or drug to a subject includes any
route of introducing or delivering to a subject a compound to perform its intended function.
Administration can be carried out by any suitable route, including but not limited to, orally,
intranasally, parenterally (intravenously, intramuscularly, intraperitoneally, or
subcutaneously), rectally, intrathecally, intratumorally or topically. Administration includes

self~administration and the administration by another.

[0091] An “adjuvant” refers to one or more substances that cause stimulation of the
immune system. In this context, an adjuvant is used to enhance an immune response to one
or more vaccine antigens or antibodies. An adjuvant may be administered to a subject before,
in combination with, or after administration of the vaccine. Examples of chemical
compounds used as adjuvants include aluminum compounds, oils, block polymers, immune
stimulating complexes, vitamins and minerals (e.g., vitamin E, vitamin A, selenium, and
vitamin B12), Quil A (saponins), bacterial and fungal cell wall components (e.g.,
lipopolysaccarides, lipoproteins, and glycoproteins), hormones, cytokines, and co-stimulatory

factors.
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[0092] As used herein, the term “antibody” collectively refers to immunoglobulins or
immunoglobulin-like molecules including by way of example and without limitation, IgA,
IgD, IgE, IgG and IgM, combinations thereof, and similar molecules produced during an
immune response in any vertebrate, for example, in mammals such as humans, goats, rabbits
and mice, as well as non-mammalian species, such as shark immunoglobulins. As used
herein, “antibodies” (includes intact immunoglobulins) and “antigen binding fragments”
specifically bind to a molecule of interest (or a group of highly similar molecules of interest)
to the substantial exclusion of binding to other molecules (for example, antibodies and
antibody fragments that have a binding constant for the molecule of interest that is at least 10’
M greater, at least 10* M greater or at least 10° M greater than a binding constant for
other molecules in a biological sample). The term “antibody” also includes genetically
engineered forms such as chimeric antibodies (for example, humanized murine antibodies),
heteroconjugate antibodies (such as, bispecific antibodies). See also, Pierce Catalog and
Handbook, 1994-1995 (Pierce Chemical Co., Rockford, Ill.); Kuby, J., Immunology, 3 Ed,
W .H. Freeman & Co., New York, 1997.

[0093] More particularly, antibody refers to a polypeptide ligand comprising at least a
light chain immunoglobulin variable region or heavy chain immunoglobulin variable region
which specifically recognizes and binds an epitope of an antigen. Antibodies are composed
of a heavy and a light chain, each of which has a variable region, termed the variable heavy
(Vu) region and the variable light (Vp) region. Together, the Vy region and the Vi, region are
responsible for binding the antigen recognized by the antibody. Typically, an
immunoglobulin has heavy (H) chains and light (L) chains interconnected by disulfide bonds.
There are two types of light chain, lambda (1) and kappa (x). There are five main heavy
chain classes (or isotypes) which determine the functional activity of an antibody molecule:
IgM, IgD, IgG, IgA and IgE. Each heavy and light chain contains a constant region and a
variable region, (the regions are also known as “domains”). In combination, the heavy and
the light chain variable regions specifically bind the antigen. Light and heavy chain variable
regions contain a “framework” region interrupted by three hypervariable regions, also called
“complementarity-determining regions” or “CDRs”. The extent of the framework region and
CDRs have been defined (see, Kabat et al., Sequences of Proteins of Immunological Interest,
U.S. Department of Health and Human Services, 1991, which is hereby incorporated by
reference). The Kabat database is now maintained online. The sequences of the framework

regions of different light or heavy chains are relatively conserved within a species. The
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framework region of an antibody, that is the combined framework regions of the constituent
light and heavy chains, largely adopt a B-sheet conformation and the CDRs form loops which
connect, and in some cases form part of, the B-sheet structure. Thus, framework regions act
to form a scaffold that provides for positioning the CDRs in correct orientation by inter-

chain, non-covalent interactions.

[0094] The CDRs are primarily responsible for binding to an epitope of an antigen. The
CDRs of each chain are typically referred to as CDR1, CDR2, and CDR3, numbered
sequentially starting from the N-terminus, and are also typically identified by the chain in
which the particular CDR is located. Thus, a Vg CDR3 is located in the variable domain of
the heavy chain of the antibody in which it is found, whereas a Vi, CDR1 is the CDR1 from
the variable domain of the light chain of the antibody in which it is found. An antibody that
binds L1-CAM protein will have a specific Vg region and the Vi region sequence, and thus
specific CDR sequences. Antibodies with different specificities (i.e. different combining
sites for different antigens) have different CDRs. Although it is the CDRs that vary from
antibody to antibody, only a limited number of amino acid positions within the CDRs are
directly involved in antigen binding. These positions within the CDRs are called specificity
determining residues (SDRs). “Immunoglobulin-related compositions” as used herein, refers
to antibodies (including monoclonal antibodies, polyclonal antibodies, humanized antibodies,
chimeric antibodies, recombinant antibodies, multispecific antibodies, bispecific antibodies,
efc.,) as well as antibody fragments. An antibody or antigen binding fragment thereof

specifically binds to an antigen.

[0095] As used herein, the term “antibody-related polypeptide” means antigen-binding
antibody fragments, including single-chain antibodies, that can comprise the variable
region(s) alone, or in combination, with all or part of the following polypeptide elements:
hinge region, CH;, CH;, and CH; domains of an antibody molecule. Also included in the
technology are any combinations of variable region(s) and hinge region, CH;, CH,, and CHj;
domains. Antibody-related molecules useful in the present methods, e.g., but are not limited
to, Fab, Fab' and F(ab'),, Fd, single-chain Fvs (scFv), single-chain antibodies, disulfide-
linked Fvs (sdFv) and fragments comprising either a Vi or Vg domain. Examples include: (1)
a Fab fragment, a monovalent fragment consisting of the Vi, Vyu, Cr and CH; domains; (i1) a
F(ab’), fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide
bridge at the hinge region; (iii) a Fd fragment consisting of the Vi and CH, domains; (iv) a

Fv fragment consisting of the Vi and Vg domains of a single arm of an antibody, (v) a dAb
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fragment (Ward et al., Nature 341: 544-546, 1989), which consists of a Vi domain; and (vi)
an isolated complementarity determining region (CDR). As such “antibody fragments” or
“antigen binding fragments” can comprise a portion of a full length antibody, generally the
antigen binding or variable region thereof. Examples of antibody fragments or antigen
binding fragments include Fab, Fab', F(ab'),, and Fv fragments; diabodies; linear antibodies;
single-chain antibody molecules; and multispecific antibodies formed from antibody

fragments.

[0096] "Bispecific antibody" or “BsAb”, as used herein, refers to an antibody that can
bind simultaneously to two targets that have a distinct structure, e.g., two different target
antigens, two different epitopes on the same target antigen, or a hapten and a target antigen or
epitope on a target antigen. A variety of different bispecific antibody structures are known in
the art. In some embodiments, each antigen binding moiety in a bispecific antibody includes
Vy and/or Vi, regions; in some such embodiments, the Vi and/or Vi regions are those found
in a particular monoclonal antibody. In some embodiments, the bispecific antibody contains
two antigen binding moieties, each including Vy and/or Vi, regions from different
monoclonal antibodies. In some embodiments, the bispecific antibody contains two antigen
binding moieties, wherein one of the two antigen binding moieties includes an
immunoglobulin molecule having Vy and/or V1, regions that contain CDRs from a first
monoclonal antibody, and the other antigen binding moiety includes an antibody fragment
(e.g., Fab, F(ab'), F(ab'),, Fd, Fv, dAB, scFv, efc.) having Vg and/or Vi regions that contain

CDRs from a second monoclonal antibody.

[0097] As used herein, the term “conjugated” refers to the association of two molecules
by any method known to those in the art. Suitable types of associations include chemical
bonds and physical bonds. Chemical bonds include, for example, covalent bonds and
coordinate bonds. Physical bonds include, for instance, hydrogen bonds, dipolar interactions,
van der Waal forces, electrostatic interactions, hydrophobic interactions and aromatic

stacking.

[0098] As used herein, the term “diabodies” refers to small antibody fragments with two
antigen-binding sites, which fragments comprise a heavy-chain variable domain (Vy)
connected to a light-chain variable domain (Vi) in the same polypeptide chain (Vg Vr). By
using a linker that is too short to allow pairing between the two domains on the same chain,

the domains are forced to pair with the complementary domains of another chain and create
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two antigen binding sites. Diabodies are described more fully in, e.g., EP 404,097,
WO 93/11161; and 30 Hollinger ef al., Proc. Natl. Acad. Sci. USA, 90: 6444-6448 (1993).

[0099] As used herein, the terms “single-chain antibodies” or “single-chain Fv (scFv)”
refer to an antibody fusion molecule of the two domains of the Fv fragment, V. and Vy.
Single-chain antibody molecules may comprise a polymer with a number of individual
molecules, for example, dimer, trimer or other polymers. Furthermore, although the two
domains of the Fy fragment, Vi and Vg, are coded for by separate genes, they can be joined,
using recombinant methods, by a synthetic linker that enables them to be made as a single
protein chain in which the Vi, and Vy regions pair to form monovalent molecules (known as
single-chain Fy (scFy)). Bird et al. (1988) Science 242:423-426 and Huston et al. (1988)
Proc. Natl. Acad Sci. USA 85:5879-5883. Such single-chain antibodies can be prepared by

recombinant techniques or enzymatic or chemical cleavage of intact antibodies.

[00100] Any of the above-noted antibody fragments are obtained using conventional
techniques known to those of skill in the art, and the fragments are screened for binding

specificity and neutralization activity in the same manner as are intact antibodies.

[00101] Asused herein, an “antigen” refers to a molecule to which an antibody (or antigen
binding fragment thereof) can selectively bind. The target antigen may be a protein,
carbohydrate, nucleic acid, lipid, hapten, or other naturally occurring or synthetic compound.
In some embodiments, the target antigen may be a polypeptide (e.g., a L1-CAM polypeptide).
An antigen may also be administered to an animal to generate an immune response in the

animal.

[00102] The term “antigen binding fragment” refers to a fragment of the whole
immunoglobulin structure which possesses a part of a polypeptide responsible for binding to
antigen. Examples of the antigen binding fragment useful in the present technology include

scFv, (scFv),, scFvFc, Fab, Fab' and F(ab'),, but are not limited thereto.

[00103] By “binding affinity” is meant the strength of the total noncovalent interactions
between a single binding site of a molecule (e.g., an antibody) and its binding partner (e.g., an
antigen or antigenic peptide). The affinity of a molecule X for its partner Y can generally be
represented by the dissociation constant (Kg). Affinity can be measured by standard methods
known in the art, including those described herein. A low-affinity complex contains an

antibody that generally tends to dissociate readily from the antigen, whereas a high-affinity
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complex contains an antibody that generally tends to remain bound to the antigen for a longer

duration.

[00104] As used herein, the term “biological sample” means sample material derived from
living cells. Biological samples may include tissues, cells, protein or membrane extracts of
cells, and biological fluids (e.g., ascites fluid or cerebrospinal fluid (CSF)) isolated from a
subject, as well as tissues, cells and fluids present within a subject. Biological samples of the
present technology include, but are not limited to, samples taken from breast tissue, renal
tissue, the uterine cervix, the endometrium, the head or neck, the gallbladder, parotid tissue,
the prostate, the brain, the pituitary gland, kidney tissue, muscle, the esophagus, the stomach,
the small intestine, the colon, the liver, the spleen, the pancreas, thyroid tissue, heart tissue,
lung tissue, the bladder, adipose tissue, lymph node tissue, the uterus, ovarian tissue, adrenal
tissue, testis tissue, the tonsils, thymus, blood, hair, buccal, skin, serum, plasma, CSF, semen,
prostate fluid, seminal fluid, urine, feces, sweat, saliva, sputum, mucus, bone marrow, lymph,
and tears. Biological samples can also be obtained from biopsies of internal organs or from
cancers. Biological samples can be obtained from subjects for diagnosis or research or can be
obtained from non-diseased individuals, as controls or for basic research. Samples may be
obtained by standard methods including, e.g., venous puncture and surgical biopsy. In certain
embodiments, the biological sample is a breast, lung, colon, or prostate tissue sample

obtained by needle biopsy.

[00105] Asused herein, the term “CDR-grafted antibody” means an antibody in which at
least one CDR of an “acceptor” antibody is replaced by a CDR “graft” from a “donor”

antibody possessing a desirable antigen specificity.

[00106] As used herein, the term “chimeric antibody” means an antibody in which the Fc
constant region of a monoclonal antibody from one species (e.g., a mouse Fc constant region)
is replaced, using recombinant DNA techniques, with an Fc constant region from an antibody
of another species (e.g., a human Fc constant region). See generally, Robinson et al.,
PCT/US86/02269; Akira ef al., European Patent Application 184,187; Taniguchi, European
Patent Application 171,496; Morrison ef al., European Patent Application 173,494;
Neuberger ef al., WO 86/01533; Cabilly ez al. U.S. Patent No. 4,816,567; Cabilly et al.,
European Patent Application 0125,023; Better ef al., Science 240: 1041-1043, 1988; Liu ef
al., Proc. Natl. Acad. Sci. USA 84: 3439-3443, 1987; Liu et al., J. Immunol 139: 3521-3526,
1987; Sun et al., Proc. Natl. Acad. Sci. USA 84: 214-218, 1987, Nishimura et al., Cancer Res
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47:999-1005, 1987; Wood et al., Nature 314: 446-449, 1885; and Shaw et al., J. Natl.
Cancer Inst. 80: 1553-1559, 1988.

[00107] Asused herein, the term “consensus FR” means a framework (FR) antibody
region in a consensus immunoglobulin sequence. The FR regions of an antibody do not

contact the antigen.

[00108] Asused herein, a "control" is an alternative sample used in an experiment for
comparison purpose. A control can be "positive" or "negative." For example, where the
purpose of the experiment is to determine a correlation of the efficacy of a therapeutic agent
for the treatment for a particular type of disease, a positive control (a compound or
composition known to exhibit the desired therapeutic effect) and a negative control (a subject

or a sample that does not receive the therapy or receives a placebo) are typically employed.

[00109] Asused herein, the term “effective amount” refers to a quantity sufficient to
achieve a desired therapeutic and/or prophylactic effect, e.g., an amount which results in the
prevention of, or a decrease in a disease or condition described herein or one or more signs or
symptoms associated with a disease or condition described herein. In the context of
therapeutic or prophylactic applications, the amount of a composition administered to the
subject will vary depending on the composition, the degree, type, and severity of the disease
and on the characteristics of the individual, such as general health, age, sex, body weight and
tolerance to drugs. The skilled artisan will be able to determine appropriate dosages
depending on these and other factors. The compositions can also be administered in
combination with one or more additional therapeutic compounds. In the methods described
herein, the therapeutic compositions may be administered to a subject having one or more
signs or symptoms of a disease or condition described herein. As used herein, a
"therapeutically effective amount" of a composition refers to composition levels in which the
physiological effects of a disease or condition are ameliorated or eliminated. A

therapeutically effective amount can be given in one or more administrations.

[00110] Asused herein, the term “effector cell” means an immune cell which is involved
in the effector phase of an immune response, as opposed to the cognitive and activation
phases of an immune response. Exemplary immune cells include a cell of a myeloid or
lymphoid origin, e.g., lymphocytes (e.g., B cells and T cells including cytolytic T cells
(CTLs)), killer cells, natural killer cells, macrophages, monocytes, eosinophils, neutrophils,

polymorphonuclear cells, granulocytes, mast cells, and basophils. Effector cells express
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specific Fc receptors and carry out specific immune functions. An effector cell can induce
antibody-dependent cell-mediated cytotoxicity (ADCC), e.g., a neutrophil capable of
inducing ADCC. For example, monocytes, macrophages, neutrophils, eosinophils, and
lymphocytes which express FcaR are involved in specific killing of target cells and
presenting antigens to other components of the immune system, or binding to cells that

present antigens.

[00111] Asused herein, the term “epitope” means a protein determinant capable of
specific binding to an antibody. Epitopes usually consist of chemically active surface
groupings of molecules such as amino acids or sugar side chains and usually have specific
three dimensional structural characteristics, as well as specific charge characteristics.
Conformational and nonconformational epitopes are distinguished in that the binding to the
former but not the latter is lost in the presence of denaturing solvents. In some embodiments,
an “epitope” of the L1-CAM protein is a region of the protein to which the anti- L1-CAM
antibodies of the present technology specifically bind. In some embodiments, the epitope is a
conformational epitope. To screen for anti-L1-CAM antibodies which bind to an epitope, a
routine cross-blocking assay such as that described in Antibodies, A Laboratory Manual,
Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed. This
assay can be used to determine if an anti-L.1-CAM antibody binds the same site or epitope as
an anti-L1-CAM antibody of the present technology. Alternatively, or additionally, epitope
mapping can be performed by methods known in the art. For example, the antibody sequence
can be mutagenized such as by alanine scanning, to identify contact residues. In a different
method, peptides corresponding to different regions of L1-CAM protein can be used in
competition assays with the test antibodies or with a test antibody and an antibody with a

characterized or known epitope.

[00112] Asused herein, “expression” includes one or more of the following: transcription
of the gene into precursor mRNA; splicing and other processing of the precursor mRNA to
produce mature mRNA; mRNA stability; translation of the mature mRNA into protein
(including codon usage and tRNA availability); and glycosylation and/or other modifications

of the translation product, if required for proper expression and function.

[00113] Asused herein, the term “gene” means a segment of DNA that contains all the
information for the regulated biosynthesis of an RNA product, including promoters, exons,

introns, and other untranslated regions that control expression.
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[00114] “Homology” or “identity” or “similarity” refers to sequence similarity between
two peptides or between two nucleic acid molecules. Homology can be determined by
comparing a position in each sequence which may be aligned for purposes of comparison.
When a position in the compared sequence is occupied by the same base or amino acid, then
the molecules are homologous at that position. A degree of homology between sequences is
a function of the number of matching or homologous positions shared by the sequences. A
polynucleotide or polynucleotide region (or a polypeptide or polypeptide region) has a certain
percentage (for example, at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%)
of “sequence identity” to another sequence means that, when aligned, that percentage of
bases (or amino acids) are the same in comparing the two sequences. This alignment and the
percent homology or sequence identity can be determined using software programs known in
the art. In some embodiments, default parameters are used for alignment. One alignment
program is BLAST, using default parameters. In particular, programs are BLASTN and
BLASTP, using the following default parameters: Genetic code=standard; filter=none;
strand=both; cutoff=60; expect=10; Matrix=BLOSUMG62; Descriptions=50 sequences; sort
by =HIGH SCORE; Databases=non-redundant, GenBank+EMBL+DDBJ+PDB+GenBank
CDS translations+SwissProtein+SPupdate+PIR. Details of these programs can be found at
the National Center for Biotechnology Information. Biologically equivalent polynucleotides
are those having the specified percent homology and encoding a polypeptide having the same
or similar biological activity. Two sequences are deemed “unrelated” or “non-homologous”

if they share less than 40% identity, or less than 25% identity, with each other.

[00115] Asused herein, the term “humanized” forms of non-human (e.g., murine)
antibodies are chimeric antibodies which contain minimal sequence derived from non-human
immunoglobulin. For the most part, humanized antibodies are human immunoglobulins in
which hypervariable region residues of the recipient are replaced by hypervariable region
residues from a non-human species (donor antibody) such as mouse, rat, rabbit or nonhuman
primate having the desired specificity, affinity, and capacity. In some embodiments, Fv
framework region (FR) residues of the human immunoglobulin are replaced by
corresponding non-human residues. Furthermore, humanized antibodies may comprise
residues which are not found in the recipient antibody or in the donor antibody. These
modifications are made to further refine antibody performance such as binding affinity.
Generally, the humanized antibody will comprise substantially all of at least one, and

typically two, variable domains (e.g., Fab, Fab’, F(ab'),, or Fv), in which all or substantially
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all of the hypervariable loops correspond to those of a non-human immunoglobulin and all or
substantially all of the FR regions are those of a human immunoglobulin consensus FR
sequence although the FR regions may include one or more amino acid substitutions that
improve binding affinity. The number of these amino acid substitutions in the FR are
typically no more than 6 in the H chain, and in the L chain, no more than 3. The humanized
antibody optionally may also comprise at least a portion of an immunoglobulin constant
region (Fc¢), typically that of a human immunoglobulin. For further details, see Jones ef al.,
Nature 321:522-525 (1986); Reichmann et al., Nature 332:323-329 (1988); and Presta, Curr.
Op. Struct. Biol. 2:593-596 (1992). See e.g., Ahmed & Cheung, FEBS Letters 588(2):288-
297 (2014).

[00116] Asused herein, the term “hypervariable region” refers to the amino acid residues
of an antibody which are responsible for antigen-binding. The hypervariable region generally
comprises amino acid residues from a “complementarity determining region” or “CDR” (e.g.,
around about residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the Vi, and around about 31-
35B (H1), 50-65 (H2) and 95-102 (H3) in the Vy (Kabat et al., Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health,
Bethesda, MD. (1991)) and/or those residues from a “hypervariable loop” (e.g., residues 26-
32 (L1), 50-52 (L2) and 91-96 (L3) in the Vi, and 26-32 (H1), 52A-55 (H2) and 96-101 (H3)
in the Vi (Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)).

[00117] Asused herein, the terms “identical” or percent “identity”, when used in the
context of two or more nucleic acids or polypeptide sequences, refer to two or more
sequences or subsequences that are the same or have a specified percentage of amino acid
residues or nucleotides that are the same (i.e., about 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher identity over a specified region
(e.g., nucleotide sequence encoding an antibody described herein or amino acid sequence of
an antibody described herein)), when compared and aligned for maximum correspondence
over a comparison window or designated region) as measured using a BLAST or BLAST 2.0
sequence comparison algorithms with default parameters described below, or by manual
alignment and visual inspection, e.g., NCBI web site). Such sequences are then said to be
“substantially identical.” This term also refers to, or can be applied to, the complement of a
test sequence. The term also includes sequences that have deletions and/or additions, as well

as those that have substitutions. In some embodiments, identity exists over a region that is at
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least about 25 amino acids or nucleotides in length, or 50-100 amino acids or nucleotides in

length.

[00118] Asused herein, the term “intact antibody” or “intact immunoglobulin” means an
antibody that has at least two heavy (H) chain polypeptides and two light (L) chain
polypeptides interconnected by disulfide bonds. Each heavy chain is comprised of a heavy
chain variable region (abbreviated herein as HCVR or Vy) and a heavy chain constant region.
The heavy chain constant region is comprised of three domains, CH;, CH, and CH3. Each
light chain is comprised of a light chain variable region (abbreviated herein as LCVR or V1)
and a light chain constant region. The light chain constant region is comprised of one
domain, C.. The Vg and V¢, regions can be further subdivided into regions of
hypervariability, termed complementarity determining regions (CDR), interspersed with
regions that are more conserved, termed framework regions (FR). Each Vg and Vi is
composed of three CDRs and four FRs, arranged from amino-terminus to carboxyl-terminus
in the following order: FR;, CDR, FR;, CDR;, FR3;, CDR3, FR4. The variable regions of the
heavy and light chains contain a binding domain that interacts with an antigen. The constant
regions of the antibodies can mediate the binding of the immunoglobulin to host tissues or
factors, including various cells of the immune system (e.g., effector cells) and the first

component (Clq) of the classical complement system.

[00119] Asused herein, the terms “individual”, “patient”, or “subject” can be an individual
organism, a vertebrate, a mammal, or a human. In some embodiments, the individual, patient

or subject is a human.

[00120] The term “monoclonal antibody” as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are identical except for possible naturally occurring mutations that
may be present in minor amounts. For example, a monoclonal antibody can be an antibody
that is derived from a single clone, including any eukaryotic, prokaryotic, or phage clone, and
not the method by which it is produced. A monoclonal antibody composition displays a
single binding specificity and affinity for a particular epitope. Monoclonal antibodies are
highly specific, being directed against a single antigenic site. Furthermore, in contrast to
conventional (polyclonal) antibody preparations which typically include different antibodies
directed against different determinants (epitopes), each monoclonal antibody is directed
against a single determinant on the antigen. The modifier “monoclonal” indicates the

character of the antibody as being obtained from a substantially homogeneous population of
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antibodies, and is not to be construed as requiring production of the antibody by any
particular method. Monoclonal antibodies can be prepared using a wide variety of techniques
known in the art including, e.g., but not limited to, hybridoma, recombinant, and phage
display technologies. For example, the monoclonal antibodies to be used in accordance with
the present methods may be made by the hybridoma method first described by Kohler et al.,
Nature 256:495 (1975), or may be made by recombinant DNA methods (See, e.g., U.S.
Patent No. 4,816,567). The “monoclonal antibodies” may also be isolated from phage
antibody libraries using the techniques described in Clackson et al., Nature 352:624-628
(1991) and Marks et al., J. Mol. Biol. 222:581-597 (1991), for example.

[00121] Asused herein, the term “pharmaceutically-acceptable carrier” is intended to
include any and all solvents, dispersion media, coatings, antibacterial and antifungal
compounds, isotonic and absorption delaying compounds, and the like, compatible with
pharmaceutical administration. Pharmaceutically-acceptable carriers and their formulations
are known to one skilled in the art and are described, for example, in Remington's
Pharmaceutical Sciences (20th edition, ed. A. Gennaro, 2000, Lippincott, Williams & Wilkins,
Philadelphia, Pa.).

[00122] Asused herein, the term “polyclonal antibody” means a preparation of antibodies
derived from at least two (2) different antibody-producing cell lines. The use of this term
includes preparations of at least two (2) antibodies that contain antibodies that specifically

bind to different epitopes or regions of an antigen.

[00123] Asused herein, the term “polynucleotide” or “nucleic acid” means any RNA or
DNA, which may be unmodified or modified RNA or DNA. Polynucleotides include,
without limitation, single- and double-stranded DNA, DNA that is a mixture of single- and
double-stranded regions, single- and double-stranded RNA, RNA that is mixture of single-
and double-stranded regions, and hybrid molecules comprising DNA and RNA that may be
single-stranded or, more typically, double-stranded or a mixture of single- and double-
stranded regions. In addition, polynucleotide refers to triple-stranded regions comprising
RNA or DNA or both RNA and DNA. The term polynucleotide also includes DNAs or
RNAs containing one or more modified bases and DNAs or RNAs with backbones modified

for stability or for other reasons.

2%
2

[00124] As used herein, the terms “polypeptide”, “peptide” and “protein” are used

interchangeably herein to mean a polymer comprising two or more amino acids joined to
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each other by peptide bonds or modified peptide bonds, i.e., peptide isosteres. Polypeptide
refers to both short chains, commonly referred to as peptides, glycopeptides or oligomers, and
to longer chains, generally referred to as proteins. Polypeptides may contain amino acids
other than the 20 gene-encoded amino acids. Polypeptides include amino acid sequences
modified either by natural processes, such as post-translational processing, or by chemical
modification techniques that are well known in the art. Such modifications are well

described in basic texts and in more detailed monographs, as well as in a voluminous research

literature.

[00125] Asused herein, the term “recombinant” when used with reference, e.g., to a cell,
or nucleic acid, protein, or vector, indicates that the cell, nucleic acid, protein or vector, has
been modified by the introduction of a heterologous nucleic acid or protein or the alteration
of a native nucleic acid or protein, or that the material is derived from a cell so modified.
Thus, for example, recombinant cells express genes that are not found within the native (non-
recombinant) form of the cell or express native genes that are otherwise abnormally

expressed, under expressed or not expressed at all.

[00126] As used herein, the term “separate” therapeutic use refers to an administration of
at least two active ingredients at the same time or at substantially the same time by different

routes.

[00127] Asused herein, the term “sequential” therapeutic use refers to administration of at
least two active ingredients at different times, the administration route being identical or
different. More particularly, sequential use refers to the whole administration of one of the
active ingredients before administration of the other or others commences. It is thus possible
to administer one of the active ingredients over several minutes, hours, or days before
administering the other active ingredient or ingredients. There is no simultaneous treatment

in this case.

[00128] Asused herein, “specifically binds” refers to a molecule (e.g., an antibody or
antigen binding fragment thereof) which recognizes and binds another molecule (e.g., an
antigen), but that does not substantially recognize and bind other molecules. The terms

29 CC

“specific binding,” “specifically binds to,” or is “specific for” a particular molecule (e.g., a
polypeptide, or an epitope on a polypeptide), as used herein, can be exhibited, for example,
by a molecule having a Kq for the molecule to which it binds to of about 107" M, 107 M,

10°°M, 107 M, 107°M, 107°M, 10°M, 107" M, or 107*M. The term “specifically binds”
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may also refer to binding where a molecule (e.g., an antibody or antigen binding fragment
thereof) binds to a particular polypeptide (e.g., a L1-CAM polypeptide), or an epitope on a
particular polypeptide, without substantially binding to any other polypeptide, or polypeptide
epitope.

[00129] Asused herein, the term “simultaneous” therapeutic use refers to the
administration of at least two active ingredients by the same route and at the same time or at

substantially the same time.

[00130] Asused herein, the term “therapeutic agent” is intended to mean a compound that,
when present in an effective amount, produces a desired therapeutic effect on a subject in

need thereof.

[00131] “Treating” or “treatment” as used herein covers the treatment of a disease or
disorder described herein, in a subject, such as a human, and includes: (i) inhibiting a disease
or disorder, i.e., arresting its development; (ii) relieving a disease or disorder, i.e., causing
regression of the disorder; (ii1) slowing progression of the disorder; and/or (iv) inhibiting,
relieving, or slowing progression of one or more symptoms of the disease or disorder. In
some embodiments, treatment means that the symptoms associated with the disease are, e.g.,

alleviated, reduced, cured, or placed in a state of remission.

[00132] TItis also to be appreciated that the various modes of treatment of disorders as
described herein are intended to mean “substantial,” which includes total but also less than
total treatment, and wherein some biologically or medically relevant result is achieved. The
treatment may be a continuous prolonged treatment for a chronic disease or a single, or few

time administrations for the treatment of an acute condition.

[00133] Amino acid sequence modification(s) of the anti- L1-CAM antibodies described
herein are contemplated. For example, it may be desirable to improve the binding affinity
and/or other biological properties of the antibody. Amino acid sequence variants of an anti-
L1-CAM antibody are prepared by introducing appropriate nucleotide changes into the
antibody nucleic acid, or by peptide synthesis. Such modifications include, for example,
deletions from, and/or insertions into and/or substitutions of, residues within the amino acid
sequences of the antibody. Any combination of deletion, insertion, and substitution is made
to obtain the antibody of interest, as long as the obtained antibody possesses the desired
properties. The modification also includes the change of the pattern of glycosylation of the

protein. The sites of greatest interest for substitutional mutagenesis include the hypervariable
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regions, but FR alterations are also contemplated. “Conservative substitutions” are shown in

the Table below.

Table 1. Amino Acid Substitutions
Original Residue Exemplary Substitutions ggs:z:zzt;zi
Ala (A) val; leu; ile val
Arg (R) lys; gln; asn lys
Asn (N) gln; his; asp, lys; arg gln
Asp (D) glu; asn glu
Cys (C) ser; ala ser
Gln (Q) asn; glu asn
Glu (E) asp; gln asp
Gly (G) ala ala
His (H) asn; gln; lys; arg arg
leu; val; met; ala; phe;
Ile (I) leu
norleucine
norleucine; ile; val; met; ala;
Leu (L) ile
phe
Lys (K) arg; gln; asn arg
Met (M) leu; phe; ile leu
Phe (F) leu; val; ile; ala; tyr tyr
Pro (P) ala ala
Ser (S) thr thr
Thr (T) ser ser
Trp (W) tyr; phe tyr
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Table 1. Amino Acid Substitutions

L. . o Conservative
Original Residue Exemplary Substitutions Substitutions
Tyr (Y) trp; phe; thr; ser phe

ile; leu; met; phe; ala;
Val (V) leu
norleucine

[00134] One type of substitutional variant involves substituting one or more hypervariable
region residues of a parent antibody. A convenient way for generating such substitutional
variants involves affinity maturation using phage display. Specifically, several hypervariable
region sites (e.g., 6-7 sites) are mutated to generate all possible amino acid substitutions at
each site. The antibody variants thus generated are displayed in a monovalent fashion from
filamentous phage particles as fusions to the gene III product of M 13 packaged within each
particle. The phage-displayed variants are then screened for their biological activity (e.g.,
binding affinity) as herein disclosed. In order to identify candidate hypervariable region sites
for modification, alanine scanning mutagenesis can be performed to identify hypervariable
region residues contributing significantly to antigen binding. Alternatively, or additionally, it
may be beneficial to analyze a crystal structure of the antigen-antibody complex to identify
contact points between the antibody and the antigen. Such contact residues and neighboring
residues are candidates for substitution according to the techniques elaborated herein. Once
such variants are generated, the panel of variants is subjected to screening as described herein
and antibodies with similar or superior properties in one or more relevant assays may be

selected for further development.

L1-CAM

[00135] L1-CAM is a member of the L1 family of adhesion molecules, a part of the
immunoglobulin superfamily (IgSF CAMs) and is involved in axon guidance, neural cell
migration and differentiation. The L1 family includes L1-CAM (CD171), close homolog of
L1-CAM (CHL1), neurofascin and NgCAM-related cell adhesion molecule (NR-CAM).
These proteins are expressed in neurons, especially on their axons and glial cells such as
Schwann cells. L1-CAM is a neural cell adhesion molecule involved in the development of
the central nervous system. L1-CAM is composed of 28 exons and 27 introns and the

molecular weight of its gene product ranges between 200 and 220 kDa (Coutelle O et a/.,
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Gene 208:7-15 (1998)). The extracellular domain (ECM, exon 1 to exon 24) has six Ig-like
domains (Figure 1) and five fibronectin-like domains, with an N-glycosylation in the first
fibronectin domain. An RGD motif is present in the 6" Ig-like domain. The ECM
participates in homophilic binding (Figure 2), and shares a homology region with FGFR. The
cytoplasmic domain contains five potential phospho-serine residues and can interact with the
cytoskeleton, second messenger pathways and kinases. Two exons (2 and 27) are spliced

alternatively (Coutelle O ef al., Gene 208:7-15 (1998)).

[00136] L1-CAM mutations cause an X-linked neurological disorder called CRASH
(Corpus callosum hypoplasia, Retardation, Adducted thumbs, Spastic paraplegia and
Hydrocephalus). The clinical syndrome resulting from L1-CAM mutations is variable: more
than 70 L1-CAM mutations have been described in all parts of the L1-CAM molecule in
CRASH patients. L1-CAM knock-out mice show hyperplasia of the corticospinal tract and
abnormalities of the ventricular system. L1-CAM mediates adhesion to different substrates
in a context-dependent manner. By hemophilic binding, L1-CAM interacts with other
adhesion molecules such as axonin-1/TAX- 1, contactin, neurocan, neuropilin 1 and integrins
such as avB3, aSB1, avP1 and avP5. Cis (between molecules in the same cell membrane) and
trans (between molecules on opposing membranes) interactions have been described. N-
linked carbohydrates in the ECM account for 25% of the molecular weight of L1-CAM. The
ECM has two proteolytic cleavage sites: distal site cleaved by the metalloprotease ADAM 10
resulting in fragments of 200 and 32 kDa. L1-CAM was shown be involved in multiple

proliferation-, anti-apoptosis- and angiogenesis-related pathways.

[00137] L1-CAM is normally found in neural tissue (Figure 3), whereas nonneural cells
including cancer cells, predominantly express a variant lacking exons 2 and 27. Exon 2
(YEGHHYV, coding for the N-terminal Ig1 domain) is important for homophilic L1-L1
binding in vitro and is required for optimal binding to heterophilic ligands. RSLE sequence
containing L1-CAM encoded by exon 27 (cytoplasmic tail) is internalized 2-3 times faster
than L1A(RSLE). RSLE-dependent endocytosis is a mechanism to regulate the surface
density of L1-CAM, which in turn controls neurite branching and cell adhesion. Ovarian
carcinoma cell lines predominantly express L1-CAMA in vitro. ERK activation by L1-CAM
requires endocytosis of L1-CAM mediated by exon 27. These different splice variants may

have different or even opposing functions in the biology of cancer.

[00138] L I-CAM Signaling in Human Cancers. L1-CAM and its cleaving enzyme,

ADAMI10, when found at the invasive front, were associated with metastatic potential of
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colorectal cancer. B-catenin-Wnt, by signaling through L1-CAM is known to confer cell
motility, invasion and tumorigenesis in fibroblasts and colon cancer cells. Whether by
homophilic or heterophilic binding, L1-CAM promotes cell motility and maintains the
invasive phenotype. In the presence of serum or platelet-derived growth factor, L1-CAM
stimulates the extracellular signal-related kinase (ERK) pathway, leading to expression of
motility- and invasion-related gene products such as B3 integrin subunit, small GTPases and
cysteine proteases, cathepsin-L and cathepsin-B. L1-CAM together with IGF2R and

SCL31A1 were identified as survival factors protecting tumor cells from apoptosis.

[00139] L1-CAM on ovarian carcinoma binds to neuropilin-1 on mesothelial cells which
form the lining of the peritoneum, inducing tumor growth by reciprocal signaling between
mesothelial cells and tumors. Expression of the non-neuronal isoform of L1-CAM was found
in 16 out of 17 tumor cell lines originating from different tumor types (Shtutman M et a/.,
Cancer Res 66:11370-80 (2006)). Knock-down of non-neuronal L1-CAM disrupts adherens
junctions and increases -catenin transcriptional activity in breast cancer cell line MCF-7.
Full-length L1-CAM undergoes sequential cleavage by ADAM 10 and presenilin/y-secretase,
before the C-terminal fragment of L1-CAM is translocated to the nucleus for gene regulation.
The RGD binding site located in the 6™ Ig domain of L1-CAM appears to be important for

nuclear signaling.

[00140] Metalloproteinase mediated ectodomain shedding of L1-CAM to its soluble form
(sL1-CAM) has physiological consequences. sL1-CAM mediates angiogenesis probably by
ligating integrins through the RGD motif. sL1-CAM induces proliferation, matrigel invasion,
tube formation of bovine aortic endothelial cells, and proangiogenic activity. sL1-CAM is a
ligand for several integrins and can be deposited in the extracellular matrix. The cytoplasmic
domain of L1-CAM regulates basal shedding and association with the cytoskeleton through
the ankyrin binding site. Exosomes carrying constitutive cleavage products of L1-CAM from
ovarian carcinoma cell lines can be found in the ascites fluid and serum of ovarian cancer
patients. L1-CAM can also mediate vascular co-option and metastatic outgrowth in a brain
metastasis model. Tissue plasmin destroys L1-CAM thereby stopping the metastatic process.
Tumor- derived anti-plasminogen, neuroserpin, can prevent plasmin-mediated destruction of
L1-CAM or release of membrane-bound astrocytic FasL, a paracrine death signal for cancer

cells.

[00141] L1-CAM s also involved in chemoresistance. For example, ovarian carcinoma

cells expressing L1-CAM are more resistant to apoptosis, partly through the antiapoptotic

32



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645

molecule Bel-2. In L1-CAM(+) HEK-293 cells, L1-CAM mediates ERK, FAK and PAK
phosphorylation. Cell lines selected for cisplatin resistance up-regulates L1-CAM

expression, whose its knockdown restores sensitivity.

[00142] L /-CAM in human tissues and tumors. In normal human tissues, L1-CAM was
detected in neural tissues and peripheral nerves, skin basal cells and small blood vessels, and
most notably in the mature placenta (Figure 3). Tumors that express L1-CAM include those
of neuroectodermal and neural crest origin (including neuroblastoma, GIST,
pheochromocytoma, paraganglioma, glioma, pancreatic neuroectodermal cancer, efc.),
pancreatic adenocarcinoma, ovarian and uterine cancer, colorectal cancer, small cell lung
cancer and non-small cell lung cancer, renal cell carcinoma, triple negative breast cancer, and
tumor blood vessels (Figure 4). THC carried out on tissue micro-arrays of 128 different tumor
types (approximately 5500 different samples) using a mouse monoclonal IgG antibody
(UJ127) revealed L1-CAM expression in tumors of neural and neural crest origin, but not as
well in those of epithelial origin (see Figure 4; Negative (no detectable staining when
evaluated compared to nonspecific background staining), weak (1+ staining or 2+ staining in
<30% of tumor cells), or strong (3+ staining or 2+ staining in >30% of tumor cells)). More
than 25% positivity (weak plus strong) was found among neuroblastoma, granular cell tumor
of the ovary, schwannoma, pheochromocytoma, GIST, primitive neuroectodermal tumor
(PNET), epitheliod sarcoma, esthesioneuroblastoma, medulloblastoma, paraganglioma,
capillary hemangioma, Kaposi sarcoma. Between 10% to 25% was found for malignant
melanoma, chondrosarcoma, esophageal adenocarcinoma, colorectal cancer, and
oligodendroglioma. Between 5-10% was found for ependymoma, pancreatic neuroendocrine
carcinoma, small cell lung cancer, adrenal adenoma, leiomyosarcoma, liposarcoma,
astrocytoma and endometrial cancer. Less than 5% was found for benign nevus, malignant
mesothelioma, cervical carcinoma, esophageal squamous carcinoma, meningioma, mucosa
associated lymphoid tissue, neurofibroma and pancreatic adenocarcinoma and prostate
cancer. In general, L1-CAM was associated with poorly differentiated advanced disease
stage often with metastasis. Anti-L1-CAM antibodies such as CE7 (E72) fail to react with
monocytes, which express L1-CAM transcripts. This suggests that L1-CAM may be
subjected to different post-translational modifications in tumors versus normal tissues that

allow preferential binding of anti-L1-CAM antibodies.

[00143]  EXxisting Antibodies Directed against L1-CAM. chCE7 binds to the 6th Ig-like

domain (with RGD motif) of human L1-CAM (Figure 1) on renal carcinoma cells and is
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internalized by human neuroblastoma cells (Meli ML et al., Int J Cancer 83:401-8 (1999);
Novak-Hofer I et al., Int J Cancer 57:427-432 (1994)). Other monoclonal antibodies have
also been described: 5G3, A10-A3, UJ127, L1-14.10, MAB777 (R&D systems Inc.,
Minneapolis, MN), and 0.N.378 (U.S Biological Life Sciences, Salem, MA), representing a
diverse spectrum of epitopes and affinities (Figure 5). However, a systematic evaluation of in
vitro and in vivo properties of each of these L1-CAM antibodies directed against different
epitopes has not been done, and their clinical impact remains uncertain. Many anti-L1-CAM
antibodies (e.g., chCE7) are inefficient with respect to eliciting Antibody-Dependent Cell-
mediated Cytotoxicity (ADCC). Some anti-L.1-CAM antibodies may potentially induce

unwanted immunogenic responses within a patient.

Immunoglobulin-related Compositions of the Present Technology

[00144] The present technology describes methods and compositions for the generation
and use of anti-L1-CAM immunoglobulin-related compositions (e.g., anti-L1-CAM
antibodies or antigen binding fragments thereof). The anti-L1-CAM immunoglobulin-related
compositions of the present disclosure may be useful in the diagnosis, or treatment of L1-
CAM-positive cancers. Anti-L.1-CAM immunoglobulin-related compositions within the
scope of the present technology include, e.g., but are not limited to, monoclonal, chimeric,
humanized, and diabodies that specifically bind the target polypeptide, a homolog, derivative
or a fragment thereof. The present disclosure also provides antigen binding fragments of any
of the anti-L1-CAM antibodies disclosed herein, wherein the antigen binding fragment is

selected from the group consisting of Fab, F(ab)'2, Fab’, scFy, and Fy.

[00145] In one aspect, the present technology provides an antibody or an antigen binding
fragment thereof, comprising a heavy chain immunoglobulin variable domain (Vy) and a
light chain immunoglobulin variable domain (V.), wherein (a) the Vg comprises a Vy-CDRI1
sequence of GYTFTSYWMQ (SEQ ID NO: 53), a Vg-CDR2 sequence of
EINPSNGRTNYNEMFKS (SEQ ID NO: 54), and a Vg-CDR3 sequence of YDGYYAMDY
(SEQ ID NO: 55); and/or; (b) the Vi comprises a Vi.-CDR1 sequence of
KSSQSLLYSSNQKNYLA (SEQ ID NO: 56), a VL.-CDR2 sequence of WASTRES (SEQ ID
NO: 57), and a VL-CDR3 sequence of QQYHSYPFT (SEQ ID NO: 58). In some
embodiments of the antibody or antigen binding fragment, the Vi comprises the amino acid
sequence of SEQ ID NO: 1 and the VL comprises amino acid sequence of SEQ ID NO: 3.
Additionally or alternatively, in some embodiments, the antibody further comprises a Fc

domain of any isotype, e.g., but are not limited to, IgG (including IgG1, IgG2, IgG3, and
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IgG4), IgA (including IgA; and IgA»), IgD, IgE, or IgM, and IgY. Non-limiting examples of

constant region sequences include:
[00146] Human IgD constant region, Uniprot: P0O1880 (SEQ ID NO: 59)

APTKAPDVFPIISGCRHPKDNSPVVLACLITGYHPTSVTVTWYMGTQSQPQRTFPEIQ

RRDSYYMTSSQLSTPLQQWRQGEYKCVVQHTASKSKKEIFRWPESPKAQASSVPTA

QPQAEGSLAKATTAPATTRNTGRGGEEKKKEKEKEEQEERETKTPECPSHTQPLGVY
LLTPAVQDLWLRDKATFTCFVVGSDLKDAHLTWEVAGK VPTGGVEEGLLERHSNG

SQSQHSRLTLPRSLWNAGTSVTCTLNHPSLPPQRLMALREPAAQAPVKLSLNLLASS

DPPEAASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPQPGSTTFWAWSVL
RVPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVSYVTDHGPMK

[00147] Human IgGl constant region, Uniprot: PO1857 (SEQ ID NO: 60)

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

[00148] Human IgG2 constant region, Uniprot: PO1859 (SEQ ID NO: 61)

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVA
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPRE
EQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

[00149] Human IgG3 constant region, Uniprot: PO1860 (SEQ ID NO: 62)

ASTKGPSVFPLAPCSRSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTQTYTCNVNHKPSNTKVDKRVELKTPLGDTTHTCPRCP
EPKSCDTPPPCPRCPEPKSCDTPPPCPRCPEPKSCDTPPPCPRCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVQFKWYVDGVEVHNAKTKPREEQYNSTFR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKTKGQPREPQVYTLPPSREEM
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TKNQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTPPMLDSDGSFFLYSKLTVDKS
RWQQGNIFSCSVMHEALHNRFTQKSLSLSPGK

[00150] Human IgM constant region, Uniprot: P01871 (SEQ ID NO: 63)

GSASAPTLFPLVSCENSPSDTSSVAVGCLAQDFLPDSITLSWKYKNNSDISSTRGFPSV
LRGGKYAATSQVLLPSKDVMQGTDEHVVCKVQHPNGNKEKNVPLPVIAELPPKVSV
FVPPRDGFFGNPRKSKLICQATGFSPRQIQVSWLREGKQVGSGVTTDQVQAEAKESG
PTTYKVTSTLTIKESDWLGQSMFTCRVDHRGLTFQQNASSMCVPDQDTAIRVFAIPPS
FASIFLTKSTKLTCLVTDLTTYDSVTISWTRQNGEAVKTHTNISESHPNATFSAVGEAS
ICEDDWNSGERFTCTVTHTDLPSPLKQTISRPKGVALHRPDVYLLPPAREQLNLRESA
TITCLVTGFSPADVFVQWMQRGQPLSPEKYVTSAPMPEPQAPGRYFAHSILTVSEEE
WNTGETYTCVAHEALPNRVTERTVDKSTGKPTLYNVSLVMSDTAGTCY

[00151] Human IgG4 constant region, Uniprot: PO1861 (SEQ ID NO: 64)

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLG

GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPRE
EQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYT
LPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
RLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

[00152] Human IgAl constant region, Uniprot: PO1876 (SEQ ID NO: 65)

ASPTSPKVFPLSLCSTQPDGNVVIACLVQGFFPQEPLSVTWSESGQGVTARNFPPSQD
ASGDLYTTSSQLTLPATQCLAGKSVTCHVKHYTNPSQDVTVPCPVPSTPPTPSPSTPPT
PSPSCCHPRLSLHRPALEDLLLGSEANLTCTLTGLRDASGVTFTWTPSSGKSAVQGPP
ERDLCGCYSVSSVLPGCAEPWNHGKTFTCTAAYPESKTPLTATLSKSGNTFRPEVHL
LPPPSEELALNELVTLTCLARGFSPKDVLVRWLQGSQELPREKYLTWASRQEPSQGT
TTFAVTSILRVAAEDWKKGDTFSCMVGHEALPLAFTQKTIDRLAGKPTHVNVSVVM
AEVDGTCY

[00153] Human IgA2 constant region, Uniprot: PO1877 (SEQ ID NO: 66)

ASPTSPKVFPLSLDSTPQDGNVVVACLVQGFFPQEPLSVTWSESGQNVTARNFPPSQD
ASGDLYTTSSQLTLPATQCPDGKSVTCHVKHYTNPSQDVTVPCPVPPPPPCCHPRLSL
HRPALEDLLLGSEANLTCTLTGLRDASGATFTWTPSSGKSAVQGPPERDLCGCYSVS
SVLPGCAQPWNHGETFTCTAAHPELKTPLTANITKSGNTFRPEVHLLPPPSEEL ALNE
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LVTLTCLARGFSPKDVLVRWLQGSQELPREKYLTWASRQEPSQGTTTFAVTSILRVA
AEDWKKGDTFSCMVGHEALPLAFTQKTIDRMAGKPTHVNVSVVMAEVDGTCY

[00154] Human Ig kappa constant region, Uniprot: P01834 (SEQ ID NO: 67)

TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00155] In some embodiments, the immunoglobulin-related compositions of the present
technology comprise a heavy chain constant region that is at least 80%, at least 85%, at least
90%, at least 95%, at least 99%, or is 100% identical to SEQ ID NOS: 59-66. Additionally or
alternatively, in some embodiments, the immunoglobulin-related compositions of the present
technology comprise a light chain constant region that is at least 80%, at least 85%, at least
90%, at least 95%, at least 99%, or is 100% identical to SEQ ID NO: 67. In some
embodiments, the immunoglobulin-related compositions of the present technology bind to an
epitope of a L1-CAM polypeptide comprising at least five to eight consecutive amino acid
residues of the 2nd Ig-like domain of L1-CAM (SEQ ID NO: 74). In some embodiments, the

epitope is a conformational epitope.

[00156] In another aspect, the present disclosure provides an isolated immunoglobulin-
related composition (e.g., an antibody or antigen binding fragment thereof) comprising a

heavy chain (HC) amino acid sequence of

QVQLVQPGDELVKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWI
GEINPSNGRTNYNEMFKSKAVLSVDKSVSTAYMQLSSLTAEDTAVYYCALYDGYYA
MDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKK VEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEK TISKAKGQPREPQVY TLPPSREEMTKNQVSLTCL VK GFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGK (SEQ ID NO: 9) (huE71-H1);

QVQLVQSGSELKKPGASVKLSCKASGYTFTSYWMQWVRQAPGQGLEWI
GEINPSNGRTNYNEMFKSRAVLSVDTSVSTAYMQLCSLKAEDTAVYYCALYDGYYA
MDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
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NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEK TISKAKGQPREPQVY TLPPSREEMTKNQVSLTCL VK GFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGK (SEQ ID NO: 10) (huE71-H2);

QVQLVQPGAEVVKPGASVKLSCKASGYTFTGYWMHW VKQAPGQGLEWI
GEINPSNGRTNYNERFKSKATLTVDKSITTAFMELSRLRSDDTAVYFCARDYYGTSY
NFDYWGQGTLLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKRVEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGK (SEQ ID NO: 17) (huE72-H1);

QVQLVQPGAEVKKPGASVKLSCKASGYTFTGYWMHW VRQAPGQGLEWI
GEINPSNGRTNYNERFKSRATLTVDKSISTAYMELSRLRSDDTAVYFCARDYYGTSY
NFDYWGQGTLLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKRVEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGK (SEQ ID NO: 18) (huE72-H2);

QVQLQQPGDELVKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWI
GEINPSNGRTNYNEMFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCALYDGYYA
MDYWGQGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA
PIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS
PGK (SEQ ID NO: 26) (chE71-IgG1);
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QVQLQQPGDELVKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWI
GEINPSNGRTNYNEMFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCALYDGYYA
MDYWGQGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA
PIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS
PGK (SEQ ID NO: 30) (chE72-IgG1);

QVQLQQPGDELVKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWI
GEINPSNGRTNYNEMFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCALYDGYYA
MDYWGQGTSVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES
KYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWY
VDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK
TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK
(SEQ ID NO: 42) (chE71-1gG4);

QVQLVQPGDELVKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWI
GEINPSNGRTNYNEMFKSKAVLSVDKSVSTAYMQLSSLTAEDTAVYYCALYDGYYA
MDYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTK VDKRVES
KYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWY
VDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK
TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSRLTVDK SRWQEGNVFSCSVMHEALHNHY TQKSLSLSLGK
(SEQ ID NO: 46) (huE71-IgG4);

QVQLVQPGDELVKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWI
GEINPSNGRTNYNEMFKSKAVLSVDKSVSTAYMQLSSLTAEDTAVYYCALYDGYYA
MDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCAVSNKALP
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APIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGK (SEQ ID NO: 49) (huE71-BsAb);

QVQLVQPGAEVVKPGASVKLSCKASGYTFTGYWMHW VKQAPGQGLEWI
GEINPSNGRTNYNERFKSKATLTVDKSITTAFMELSRLRSDDTAVYFCARDYYGTSY
NFDYWGQGTLLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKRVEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCAVSNKALP
APIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGK (SEQ ID NO: 51) (huE72-BsAb)

or a variant thereof having one or more conservative amino acid substitutions.

[00157] Additionally or alternatively, in some embodiments, the immunoglobulin-related

compositions of the present technology comprise a light chain (LC) amino acid sequence of’

DIVMTQSPSSLAVSVGERVTMSCKSSQSLLYSSNQKNYLAW YQQKPGQSP
KLLIYWASTRESGVPDRFSGSGSGTDFTLTISSVKAEDVALYYCQQYHSYPFTFGQGT
KLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 13) (huE71-L1),

DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSSNQKNYLAWYQQKPGQP
PKLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVALYYCQQYHSYPFTFGQG
TKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGN
SQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 14) (huE71-L2),

DIQMTQSSSSFSVSVGDRVTITCK ANEDINNRLAWYQQKPGK SPRLLISGA
TNLVTGVPSRFSGSGSGTDYTLTISSLQAEDFATYYCQQYWSTPFTFGQGTELEIKRT
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
21) (huE72-L1),

DIQMTQSPSSLSVSVGDRVTITCKANEDINNRLAWYQQKPGKAPKLLISGA
TNLVTGVPSRFSGSGSGTDYTLTISSLQPEDFATYYCQQYWSTPFTFGQGTELEIKRT
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VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
22) (huE72-L2),

DIVMSQSPSSLAVSVGEKVTMSCKSSQSLLYSSNQKNYLAWYQQKPGQSP
KLLIYWASTRESGVPDRFTGSGSGTDFTLTISSVKAEDLALYYCQQYHSYPFTFGSGT
KLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 25) (chE71-IgG1 Light chain),

DIQMTQSSSSFSVSLGDRVTITCKANEDINNRLAWYQQTPGNSPRLLISGA
TNLVTGVPSRFSGSGSGKDYTLTITSLQAEDFATYYCQQYWSTPFTFGSGTELEIKRT
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
29) (chE72 IgG1-Light Chain),

DIVMSQSPSSLAVSVGEKVTMSCKSSQSLLYSSNQKNYLAWYQQKPGQSP
KLLIYWASTRESGVPDRFTGSGSGTDFTLTISSVKAEDLALYYCQQYHSYPFTFGSGT
KLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 41) (chE71-IgG4 Light Chain),

DIVMTQSPSSLAVSVGERVTMSCKSSQSLLYSSNQKNYLAWYQQKPGQSP
KLLIYWASTRESGVPDRFSGSGSGTDFTLTISSVKAEDVALYYCQQYHSYPFTFGQGT
KLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 45) (huE71-IgG4 Light Chain),

DIVMTQSPSSLAVSVGERVTMSCKSSQSLLYSSNQKNYLAWYQQKPGQSP
KLLIYWASTRESGVPDRFSGSGSGTDFTLTISSVKAEDVALYYCQQYHSYPFTFGQGT
KLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGECTS
GGGGSGGGEGSGGEGGSQVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHW VRQ
APGKCLEWIGYINPSRGYTNYNQKFKDRFTISRDNSKNTAFLQMDSLRPEDTGVYFC
ARYYDDHYSLDYWGQGTPVTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSDI
OMTQSPSSLSASVGDRVTITCSASSSVSYMNWYQQTPGKAPKRWIYDTSKLASGVPS
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RFSGSGSGTDYTFTISSLQPEDIATYYCQQWSSNPFTFGCGTKLQITR (SEQ ID NO: 50)
(huE71-BsAb Light Chain - huOKT3scFv),

DIQMTQSPSSLSVSVGDRVTITCKANEDINNRLAWYQQKPGKAPKLLISGA
TNLVTGVPSRFSGSGSGTDYTLTISSLQPEDFATYYCQQYWSTPFTFGQGTELEIKRT
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGECTSGGGGSGG
GGSGGGGSQVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHW VRQAPGKCLEW
IGYINPSRGYTNYNQKFKDRFTISRDNSKNTAFLOQMDSLRPEDTGVYFCARYYDDHY
SLDYWGQGTPVTVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSSL
SASVGDRVTITCSASSSVSYMNWYQQTPGKAPKRWIYDTSKLASGVPSRFSGSGSGT
DYTFTISSLQPEDIATYYCQQWSSNPFTFGCGTKLQITR (SEQ ID NO: 52) (huE72-
BsAb Light Chain- huOKT3scFv),

or a variant thereof having one or more conservative amino acid substitutions.

[00158] In some embodiments, the immunoglobulin-related compositions of the present
technology comprise a HC amino acid sequence and a LC amino acid sequence selected from
the group consisting of: SEQ ID NO: 9 and SEQ ID NO: 13 (huE71 H1/L1); SEQ ID NO: 9
and SEQ ID NO: 14 (huE71 H1/L2); SEQ ID NO: 10 and SEQ ID NO: 13 (huE71 H2/L1);
SEQ ID NO: 10 and SEQ ID NO: 14 (huE71 H2/L2); SEQ ID NO: 17 and SEQ ID NO: 21
(huE72 H1/L1); SEQ ID NO: 17 and SEQ ID NO: 22 (huE72 H1/L2); SEQ ID NO: 18 and
SEQ ID NO: 21 (huE72 H2/L1); SEQ ID NO: 18 and SEQ ID NO: 22 (huE72 H2/L2); SEQ
ID NO: 26 and SEQ ID NO: 25 (chE711gG1); SEQ ID NO: 30 and SEQ ID NO: 29 (chE72
IgG1); SEQ ID NO: 42 and SEQ ID NO: 41 (chE711gG4); SEQ ID NO: 46 and SEQ ID NO:
45 (huE71IgG4); SEQ ID NO: 49 and SEQ ID NO: 50 (huE71 BsAb); and SEQ ID NO: 51
and SEQ ID NO: 52 (huE72 BsAb), respectively.

[00159] In any of the above embodiments of the immunoglobulin-related compositions,
the HC and LC immunoglobulin variable domain sequences form an antigen binding site that
binds to an epitope of a L1-CAM polypeptide comprising at least five to eight consecutive
amino acid residues of the 2nd Ig-like domain of L1-CAM (SEQ ID NO: 74) or the 6th Ig-
like domain of L1-CAM (SEQ ID NO: 75). In some embodiments, the epitope is a

conformational epitope.

[00160] In some embodiments, the HC and LC immunoglobulin variable domain

sequences are components of the same polypeptide chain. In other embodiments, the HC and
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LC immunoglobulin variable domain sequences are components of different polypeptide

chains. In certain embodiments, the antibody is a full-length antibody.

[00161] In some embodiments, the immunoglobulin-related compositions of the present
technology bind specifically to at least one L1-CAM polypeptide. In some embodiments, the
immunoglobulin-related compositions of the present technology bind at least one L1-CAM
polypeptide with a dissociation constant (Kg) of about 10° M, 107*M, 10° M, 10 °M,
1077M, 107°M, 107 M, 10°M, 10"' M, or 102 M. In certain embodiments, the
immunoglobulin-related compositions are monoclonal antibodies, chimeric antibodies,
humanized antibodies, or bispecific antibodies. In some embodiments, the antibodies

comprise a human antibody framework region.

[00162] In certain embodiments, the immunoglobulin-related composition includes one or
more of the following characteristics: (a) the light chain immunoglobulin variable domain
sequence is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% identical to
the light chain immunoglobulin variable domain sequence present in any one of SEQ ID
NOs: 13, 14, 21, 22, 25, 29, 41, 45, 50 or 52; and/or (b) the heavy chain immunoglobulin
variable domain sequence is at least 80%, at least 85%, at least 90%, at least 95%, or at least
99% identical to the heavy chain immunoglobulin variable domain sequence present in any
one of SEQ ID NOs: 9, 10, 17, 18, 26, 30, 42, 46, 49, and 51. In another aspect, one or more
amino acid residues in the immunoglobulin-related compositions provided herein are
substituted with another amino acid. The substitution may be a “conservative substitution” as

defined herein.

[00163] In some embodiments, the immunoglobulin-related composition comprises (a) a
LC sequence that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%
identical to the LC sequence present in any one of SEQ ID NOs: 13, 14, 21, 22, 25, 29, 41,
45, 50 or 52; and/or (b) a HC sequence that is at least 80%, at least 85%, at least 90%, at least
95%, or at least 99% identical to the HC sequence present in any one of SEQ ID NOs: 9, 10,
17, 18, 26, 30, 42, 46, 49, and 51.

[00164] In certain embodiments, the immunoglobulin-related compositions contain an
IgG1 constant region comprising one or more amino acid substitutions selected from the
group consisting of N297A and K322A. Additionally or alternatively, in some embodiments,
the immunoglobulin-related compositions contain an IgG4 constant region comprising a

S228P mutation.
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[00165] In some aspects, the anti-L1-CAM immunoglobulin-related compositions
described herein contain structural modifications to facilitate rapid binding and cell uptake
and/or slow release. In some aspects, the anti-L 1-CAM immunoglobulin-related composition
of the present technology (e.g., an antibody) may contain a deletion in the CH2 constant
heavy chain region to facilitate rapid binding and cell uptake and/or slow release. In some
aspects, a Fab fragment is used to facilitate rapid binding and cell uptake and/or slow release.
In some aspects, a F(ab)', fragment is used to facilitate rapid binding and cell uptake and/or

slow release.

[00166] In one aspect, the present technology provides a nucleic acid sequence encoding a
heavy chain or a light chain of an immunoglobulin-related composition described herein.
Also disclosed herein are recombinant nucleic acid sequences encoding any of the antibodies
described herein. In some embodiments, the nucleic acid sequence is selected from the group
consisting of SEQ ID NOs: 11, 12, 15, 16, 19, 20, 23, 24, 27, 28, 31, 32, 43, 44, 47 and 48.

In another aspect, the present technology provides a host cell expressing any nucleic acid
sequence encoding a heavy chain or a light chain of an immunoglobulin-related composition

described herein.

[00167] The immunoglobulin-related compositions of the present technology (e.g., an anti-
L1-CAM antibody) can be monospecific, bispecific, trispecific or of greater multispecificity.
Multispecific antibodies can be specific for different epitopes of one or more L1-CAM
polypeptides or can be specific for both the L1-CAM polypeptide(s) as well as for
heterologous compositions, such as a heterologous polypeptide or solid support material.

See, e.g., WO 93/17715; WO 92/08802; WO 91/00360; WO 92/05793; Tuttet al., J.
Immunol. 147: 60-69 (1991); U.S. Pat. Nos. 5,573,920, 4,474,893, 5,601,819, 4,714,681,
4,925,648, 6,106,835; Kostelny et al., J. Immunol. 148: 1547-1553 (1992). In some
embodiments, the immunoglobulin-related compositions are chimeric. In certain

embodiments, the immunoglobulin-related compositions are humanized.

[00168] The immunoglobulin-related compositions of the present technology can further
be recombinantly fused to a heterologous polypeptide at the N- or C-terminus or chemically
conjugated (including covalently and non-covalently conjugations) to polypeptides or other
compositions. For example, the immunoglobulin-related compositions of the present
technology can be recombinantly fused or conjugated to molecules useful as labels in

detection assays and effector molecules such as heterologous polypeptides, drugs, or toxins.

44



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645

See, e.g., WO 92/08495; WO 91/14438; WO 89/12624; U.S. Pat. No. 5,314,995; and EP O
396 387.

[00169] In any of the above embodiments of the immunoglobulin-related compositions of
the present technology, the antibody or antigen binding fragment may be optionally
conjugated to an agent selected from the group consisting of isotopes, dyes, chromagens,
contrast agents, drugs, toxins, cytokines, enzymes, enzyme inhibitors, hormones, hormone
antagonists, growth factors, radionuclides, metals, liposomes, nanoparticles, RNA, DNA or
any combination thereof. For a chemical bond or physical bond, a functional group on the
immunoglobulin-related composition typically associates with a functional group on the
agent. Alternatively, a functional group on the agent associates with a functional group on

the immunoglobulin-related composition.

[00170] The functional groups on the agent and immunoglobulin-related composition can
associate directly. For example, a functional group (e.g., a sulthydryl group) on an agent can
associate with a functional group (e.g., sulthydryl group) on an immunoglobulin-related
composition to form a disulfide. Alternatively, the functional groups can associate through a
cross-linking agent (i.e., linker). Some examples of cross-linking agents are described below.
The cross-linker can be attached to either the agent or the immunoglobulin-related
composition. The number of agents or immunoglobulin-related compositions in a conjugate
is also limited by the number of functional groups present on the other. For example, the
maximum number of agents associated with a conjugate depends on the number of functional
groups present on the immunoglobulin-related composition. Alternatively, the maximum
number of immunoglobulin-related compositions associated with an agent depends on the

number of functional groups present on the agent.

[00171] In yet another embodiment, the conjugate comprises one immunoglobulin-related
composition associated to one agent. In one embodiment, a conjugate comprises at least one
agent chemically bonded (e.g., conjugated) to at least one immunoglobulin-related
composition. The agent can be chemically bonded to an immunoglobulin-related
composition by any method known to those in the art. For example, a functional group on
the agent may be directly attached to a functional group on the immunoglobulin-related
composition. Some examples of suitable functional groups include, for example, amino,

carboxyl, sulfhydryl, maleimide, isocyanate, isothiocyanate and hydroxyl.
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[00172] The agent may also be chemically bonded to the immunoglobulin-related
composition by means of cross-linking agents, such as dialdehydes, carbodiimides,
dimaleimides, and the like. Cross-linking agents can, for example, be obtained from Pierce
Biotechnology, Inc., Rockford, Ill. The Pierce Biotechnology, Inc. web-site can provide
assistance. Additional cross-linking agents include the platinum cross-linking agents
described in U.S. Pat. Nos. 5,580,990, 5,985,566; and 6,133,038 of Kreatech Biotechnology,
B.V., Amsterdam, The Netherlands.

[00173] Alternatively, the functional group on the agent and immunoglobulin-related
composition can be the same. Homobifunctional cross-linkers are typically used to cross-link
identical functional groups. Examples of homobifunctional cross-linkers include EGS (i.e.,
ethylene glycol bis[succinimidylsuccinate]), DSS (i.e., disuccinimidyl suberate), DMA (i.e.,
dimethyl adipimidate. 2HCI), DTSSP (i.e., 3,3'-dithiobis[sulfosuccinimidylpropionate])),
DPDPB (i.e., 1,4-di-[3'-(2'-pyridyldithio)-propionamido]butane), and BMH (i.e., bis-
maleimidohexane). Such homobifunctional cross-linkers are also available from Pierce

Biotechnology, Inc.

[00174] In other instances, it may be beneficial to cleave the agent from the
immunoglobulin-related composition. The web-site of Pierce Biotechnology, Inc. described
above can also provide assistance to one skilled in the art in choosing suitable cross-linkers
which can be cleaved by, for example, enzymes in the cell. Thus the agent can be separated
from the immunoglobulin-related composition. Examples of cleavable linkers include SMPT
(i.e., 4-succinimidyloxycarbonyl-methyl-a-[2-pyridyldithio]toluene), Sulfo-LC-SPDP (i.e.,
sulfosuccinimidyl 6-(3-[2-pyridyldithio]-propionamido)hexanoate), LC-SPDP (i.e.,
succinimidyl 6-(3-[2-pyridyldithio]-propionamido)hexanoate), Sulfo-LC-SPDP (i.e.,
sulfosuccinimidyl 6-(3-[2-pyridyldithio]-propionamido)hexanoate), SPDP (i.e., N-
succinimidyl 3-[2-pyridyldithio]-propionamidohexanoate), and AEDP (i.e., 3-[(2-
aminoethyl)dithio]propionic acid HCI).

[00175] In another embodiment, a conjugate comprises at least one agent physically
bonded with at least one immunoglobulin-related composition. Any method known to those
in the art can be employed to physically bond the agents with the immunoglobulin-related
compositions. For example, the immunoglobulin-related compositions and agents can be
mixed together by any method known to those in the art. The order of mixing is not
important. For instance, agents can be physically mixed with immunoglobulin-related

compositions by any method known to those in the art. For example, the immunoglobulin-
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related compositions and agents can be placed in a container and agitated, by for example,

shaking the container, to mix the immunoglobulin-related compositions and agents.

[00176] The immunoglobulin-related compositions can be modified by any method known
to those in the art. For instance, the immunoglobulin-related composition may be modified

by means of cross-linking agents or functional groups, as described above.

A. Methods of Preparing Anti-11-CAM Antibodies of the Present Technology
[00177]  General Overview. Initially, a target polypeptide is chosen to which an antibody

of the present technology can be raised. For example, an antibody may be raised against the
full-length L1-CAM protein, or to a portion of the extracellular domain of the L1-CAM
protein comprising the six Ig-like domains and five fibronectin-like domains (see Figure 1).
Techniques for generating antibodies directed to such target polypeptides are well known to
those skilled in the art. Examples of such techniques include, for example, but are not limited
to, those involving display libraries, xeno or human mice, hybridomas, and the like. Target
polypeptides within the scope of the present technology include any polypeptide derived from
L1-CAM protein containing the extracellular domain which is capable of eliciting an immune
response. The preparation of antibodies specific for L1-CAM protein is illustrated in

Examples 1, 2 and 5.

[00178] It should be understood that recombinantly engineered antibodies and antibody
fragments, e.g., antibody-related polypeptides, which are directed to L1-CAM protein and

fragments thereof are suitable for use in accordance with the present disclosure.

[00179] Anti-L1-CAM antibodies that can be subjected to the techniques set forth herein
include monoclonal and polyclonal antibodies, and antibody fragments such as Fab, Fab’,
F(ab"),, Fd, scFv, diabodies, antibody light chains, antibody heavy chains and/or antibody
fragments. Methods useful for the high yield production of antibody Fv-containing
polypeptides, e.g., Fab' and F(ab'), antibody fragments have been described. See U.S. Pat.
No. 5,648,237.

[00180] Generally, an antibody is obtained from an originating species. More particularly,
the nucleic acid or amino acid sequence of the variable portion of the light chain, heavy chain
or both, of an originating species antibody having specificity for a target polypeptide antigen
is obtained. An originating species is any species which was useful to generate the antibody
of the present technology or library of antibodies, e.g., rat, mouse, rabbit, chicken, monkey,

human, and the like.
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[00181] Phage or phagemid display technologies are useful techniques to derive the
antibodies of the present technology. Techniques for generating and cloning monoclonal
antibodies are well known to those skilled in the art. Expression of sequences encoding

antibodies of the present technology, can be carried out in F. coli.

[00182] Due to the degeneracy of nucleic acid coding sequences, other sequences which
encode substantially the same amino acid sequences as those of the naturally occurring
proteins may be used in the practice of the present technology These include, but are not
limited to, nucleic acid sequences including all or portions of the nucleic acid sequences
encoding the above polypeptides, which are altered by the substitution of different codons
that encode a functionally equivalent amino acid residue within the sequence, thus producing
a silent change. It is appreciated that the nucleotide sequence of an immunoglobulin
according to the present technology tolerates sequence homology variations of up to 25% as
calculated by standard methods (“Current Methods in Sequence Comparison and Analysis,”
Macromolecule Sequencing and Synthesis, Selected Methods and Applications, pp. 127-149,
1998, Alan R. Liss, Inc.) so long as such a variant forms an operative antibody which
recognizes L1-CAM proteins. For example, one or more amino acid residues within a
polypeptide sequence can be substituted by another amino acid of a similar polarity which
acts as a functional equivalent, resulting in a silent alteration. Substitutes for an amino acid
within the sequence may be selected from other members of the class to which the amino acid
belongs. For example, the nonpolar (hydrophobic) amino acids include alanine, leucine,
isoleucine, valine, proline, phenylalanine, tryptophan and methionine. The polar neutral
amino acids include glycine, serine, threonine, cysteine, tyrosine, asparagine, and glutamine.
The positively charged (basic) amino acids include arginine, lysine and histidine. The
negatively charged (acidic) amino acids include aspartic acid and glutamic acid. Also
included within the scope of the present technology are proteins or fragments or derivatives
thereof which are differentially modified during or after translation, e.g., by glycosylation,
proteolytic cleavage, linkage to an antibody molecule or other cellular ligands, etc.
Additionally, an immunoglobulin encoding nucleic acid sequence can be mutated in vitro or
in vivo to create and/or destroy translation, initiation, and/or termination sequences or to
create variations in coding regions and/or form new restriction endonuclease sites or destroy
pre-existing ones, to facilitate further in vitro modification. Any technique for mutagenesis
known in the art can be used, including but not limited to in vitro site directed mutagenesis, J.

Biol. Chem. 253:6551, use of Tab linkers (Pharmacia), and the like.
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[00183]  Preparation of Polyclonal Antisera and Immunogens. Methods of generating
antibodies or antibody fragments of the present technology typically include immunizing a
subject (generally a non-human subject such as a mouse or rabbit) with a purified L1-CAM
protein or fragment thereof or with a cell expressing the L1-CAM protein or fragment
thereof. An appropriate immunogenic preparation can contain, e.g., a recombinantly-
expressed L1-CAM protein or a chemically-synthesized L1-CAM peptide. The ECM of L1-
CAM protein, or a portion or fragment thereof, can be used as an immunogen to generate an
anti-L1-CAM antibody that binds to the L1-CAM protein, or a portion or fragment thereof

using standard techniques for polyclonal and monoclonal antibody preparation.

[00184] The full-length L1-CAM protein or fragments thereof, are useful as fragments as
immunogens. In some embodiments, a L1-CAM fragment comprises at least five to eight
consecutive amino acid residues of the amino acid sequence
PKETVKPVEVEEGESVVLPCNPPPSAEPLRIYWMNSKILHIKQDERVTMGQNGNLYF
ANVLTSDNHSDYICHAHFPGTRTIHQKEPID (SEQ ID NO: 74) (Ig-like C2-type 2 domain
of L1-CAM) or
TQITQGPRSTIEKKGSRVTFTCQASFDPSLQPSITWRGDGRDLQELGDSDKYFIEDGRL
VIHSLDYSDQGNYSCVASTELDVVESRAQLL (SEQ ID NO: 75) (Ig-like C2-type 6
domain of L1-CAM), and encompasses an epitope of the L1-CAM protein such that an

antibody raised against the peptide forms a specific immune complex with L1-CAM protein.

[00185] In some embodiments, the antigenic L1-CAM peptide overlapping with the 2nd or
6th Ig-like domain comprises at least 5, 8, 10, 15, 20, or 30 amino acid residues. Longer
antigenic peptides are sometimes desirable over shorter antigenic peptides, depending on use
and according to methods well known to those skilled in the art. Multimers of a given

epitope are sometimes more effective than a monomer.

[00186] If needed, the immunogenicity of the L1-CAM protein (or fragment thereof) can
be increased by fusion or conjugation to a hapten such as keyhole limpet hemocyanin (KLH)
or ovalbumin (OVA). Many such haptens are known in the art. One can also combine the
L1-CAM protein with a conventional adjuvant such as Freund’s complete or incomplete
adjuvant to increase the subject’s immune reaction to the polypeptide. Various adjuvants
used to increase the immunological response include, but are not limited to, Freund's
(complete and incomplete), mineral gels (e.g., aluminum hydroxide), surface active

substances (e.g., lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions,
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dinitrophenol, efc.), human adjuvants such as Bacille Calmette-Guerin and Corynebacterium

parvum, or similar immunostimulatory compounds. These techniques are standard in the art.

[00187] In describing the present technology, immune responses may be described as
either “primary” or “secondary” immune responses. A primary immune response, which is
also described as a “protective” immune response, refers to an immune response produced in
an individual as a result of some initial exposure (e.g., the initial “immunization”) to a
particular antigen, e.g., LI-CAM protein. In some embodiments, the immunization can occur
as a result of vaccinating the individual with a vaccine containing the antigen. For example,
the vaccine can be a L1-CAM vaccine comprising one or more L1-CAM protein-derived
antigens. A primary immune response can become weakened or attenuated over time and can
even disappear or at least become so attenuated that it cannot be detected. Accordingly, the
present technology also relates to a “secondary” immune response, which is also described
here as a “memory immune response.” The term secondary immune response refers to an
immune response elicited in an individual after a primary immune response has already been

produced.

[00188] Thus, a secondary immune response can be elicited, e.g., to enhance an existing
immune response that has become weakened or attenuated, or to recreate a previous immune
response that has either disappeared or can no longer be detected. The secondary or memory
immune response can be either a humoral (antibody) response or a cellular response. A
secondary or memory humoral response occurs upon stimulation of memory B cells that were
generated at the first presentation of the antigen. Delayed type hypersensitivity (DTH)
reactions are a type of cellular secondary or memory immune response that are mediated by
CD4" T cells. A first exposure to an antigen primes the immune system and additional

exposure(s) results in a DTH.

[00189] Following appropriate immunization, the anti-L.1-CAM antibody can be prepared
from the subject’s serum. If desired, the antibody molecules directed against the L1-CAM
protein can be isolated from the mammal (e.g., from the blood) and further purified by well-

known techniques, such as polypeptide A chromatography to obtain the IgG fraction.

[00190] AMonoclonal Antibody. In one embodiment of the present technology, the antibody
is an anti- L1-CAM monoclonal antibody. For example, in some embodiments, the anti-L1-
CAM monoclonal antibody may be a human or a mouse anti-L 1-CAM monoclonal antibody.

For preparation of monoclonal antibodies directed towards the L1-CAM protein, or
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derivatives, fragments, analogs or homologs thereof, any technique that provides for the
production of antibody molecules by continuous cell line culture can be utilized. Such
techniques include, but are not limited to, the hybridoma technique (See, e.g., Kohler &
Milstein, 1975. Nature 256: 495-497), the trioma technique; the human B-cell hybridoma
technique (See, e.g., Kozbor, ef al., 1983. Immunol. Today 4: 72) and the EBV hybridoma
technique to produce human monoclonal antibodies (See, e.g., Cole, ef al., 1985. In:
MONOCLONAL ANTIBODIES AND CANCER THERAPY, Alan R. Liss, Inc., pp. 77-96).
Human monoclonal antibodies can be utilized in the practice of the present technology and
can be produced by using human hybridomas (See, e.g., Cote, et al., 1983. Proc. Natl. Acad.
Sci. USA 80: 2026-2030) or by transforming human B-cells with Epstein Barr Virus in vitro
(See, e.g., Cole, et al., 1985. In. MONOCLONAL ANTIBODIES AND CANCER
THERAPY, Alan R. Liss, Inc., pp. 77-96). For example, a population of nucleic acids that
encode regions of antibodies can be isolated. PCR utilizing primers derived from sequences
encoding conserved regions of antibodies is used to amplify sequences encoding portions of
antibodies from the population and then DNAs encoding antibodies or fragments thereof,
such as variable domains, are reconstructed from the amplified sequences. Such amplified
sequences also can be fused to DNAs encoding other proteins — e.g., a bacteriophage coat, or
a bacterial cell surface protein — for expression and display of the fusion polypeptides on
phage or bacteria. Amplified sequences can then be expressed and further selected or
isolated based, e.g., on the affinity of the expressed antibody or fragment thereof for an
antigen or epitope present on the L1-CAM protein. Alternatively, hybridomas expressing
anti-L1-CAM monoclonal antibodies can be prepared by immunizing a subject and then
isolating hybridomas from the subject’s spleen using routine methods. See, e.g., Milstein ef
al., (Galfre and Milstein, Methods Enzymol (1981) 73: 3-46). Screening the hybridomas
using standard methods will produce monoclonal antibodies of varying specificity (i.e., for
different epitopes) and affinity. A selected monoclonal antibody with the desired properties,
e.g., L1-CAM binding, can be used as expressed by the hybridoma, it can be bound to a
molecule such as polyethylene glycol (PEG) to alter its properties, or a cDNA encoding it can
be isolated, sequenced and manipulated in various ways. Synthetic dendromeric trees can be
added to reactive amino acid side chains, e.g., lysine, to enhance the immunogenic properties
of L1-CAM protein. Also, CPG-dinucleotide techniques can be used to enhance the
immunogenic properties of the L1-CAM protein. Other manipulations include substituting or

deleting particular amino acyl residues that contribute to instability of the antibody during
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storage or after administration to a subject, and affinity maturation techniques to improve

affinity of the antibody of the L1-CAM protein.

[00191] Hybridoma Technique. In some embodiments, the antibody of the present
technology is an anti-L 1-CAM monoclonal antibody produced by a hybridoma which
includes a B cell obtained from a transgenic non-human animal, e.g., a transgenic mouse,
having a genome comprising a human heavy chain transgene and a light chain transgene
fused to an immortalized cell. Hybridoma techniques include those known in the art and
taught in Harlow et al., Antibodies: A Laboratory Manual Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY, 349 (1988); Hammerling ef al., Monoclonal Antibodies And T-Cell
Hybridomas, 563-681 (1981). Other methods for producing hybridomas and monoclonal

antibodies are well known to those of skill in the art.

[00192]  Phage Display Technique. As noted above, the antibodies of the present
technology can be produced through the application of recombinant DNA and phage display
technology. For example, anti-L.1-CAM antibodies, can be prepared using various phage
display methods known in the art. In phage display methods, functional antibody domains
are displayed on the surface of a phage particle which carries polynucleotide sequences
encoding them. Phages with a desired binding property are selected from a repertoire or
combinatorial antibody library (e.g., human or murine) by selecting directly with an antigen,
typically an antigen bound or captured to a solid surface or bead. Phages used in these
methods are typically filamentous phage including fd and M 13 with Fab, Fv or disulfide
stabilized Fv antibody domains that are recombinantly fused to either the phage gene III or
gene VIII protein. In addition, methods can be adapted for the construction of Fab expression
libraries (See, e.g., Huse, et al.,. Science 246: 1275-1281, 1989) to allow rapid and effective
identification of monoclonal Fab fragments with the desired specificity for a L1-CAM
polypeptide, e.g., a polypeptide or derivatives, fragments, analogs or homologs thereof.
Other examples of phage display methods that can be used to make the antibodies of the
present technology include those disclosed in Huston et al., Proc. Natl. Acad. Sci U.S.A., 85:
5879-5883, 1988; Chaudhary et al., Proc. Natl. Acad. Sci U.S.A., 87: 1066-1070, 1990;
Brinkman et al., J. Immunol. Methods 182: 41-50, 1995; Ames et al., J. Immunol. Methods
184: 177-186, 1995; Kettleborough et al., Eur. J. Immunol. 24: 952-958, 1994; Persic et al.,
Gene 187: 9-18, 1997, Burton et al., Advances in Immunology 57: 191-280, 1994;
PCT/GB91/01134; WO 90/02809; WO 91/10737;, WO 92/01047; WO 92/18619;

WO 93/11236; WO 95/15982; WO 95/20401; WO 96/06213; WO 92/01047 (Medical
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Research Council et al.); WO 97/08320 (Morphosys),; WO 92/01047 (CAT/MRC);

WO 91/17271 (Affymax); and U.S. Pat. Nos. 5,698,426, 5,223,409, 5,403,484, 5,580,717,
5,427,908, 5,750,753, 5,821,047, 5,571,698, 5,427,908, 5,516,637, 5,780,225, 5,658,727 and
5,733,743. Methods useful for displaying polypeptides on the surface of bacteriophage
particles by attaching the polypeptides via disulfide bonds have been described by Lohning,
U.S. Pat. No. 6,753,136. As described in the above references, after phage selection, the
antibody coding regions from the phage can be isolated and used to generate whole
antibodies, including human antibodies, or any other desired antigen binding fragment, and
expressed in any desired host including mammalian cells, insect cells, plant cells, yeast, and
bacteria. For example, techniques to recombinantly produce Fab, Fab' and F(ab’), fragments
can also be employed using methods known in the art such as those disclosed in

WO 92/22324; Mullinax et al., BioTechniques 12: 864-869, 1992; and Sawai et al., AJRI 34:
26-34, 1995; and Better ef al., Science 240: 1041-1043, 1988.

[00193] Generally, hybrid antibodies or hybrid antibody fragments that are cloned into a
display vector can be selected against the appropriate antigen in order to identify variants that
maintain good binding activity, because the antibody or antibody fragment will be present on
the surface of the phage or phagemid particle. See, e.g., Barbas IIl et al., Phage Display, A
Laboratory Manual (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001).
However, other vector formats could be used for this process, such as cloning the antibody
fragment library into a lytic phage vector (modified T7 or Lambda Zap systems) for selection

and/or screening.

[00194]  Expression of Recombinant Anti-L1-CAM Antibodies. As noted above, the
antibodies of the present technology can be produced through the application of recombinant
DNA technology. Recombinant polynucleotide constructs encoding an anti-L1-CAM
antibody of the present technology typically include an expression control sequence
operably-linked to the coding sequences of anti-L1-CAM antibody chains, including
naturally-associated or heterologous promoter regions. As such, another aspect of the
technology includes vectors containing one or more nucleic acid sequences encoding an anti-
L1-CAM antibody of the present technology. For recombinant expression of one or more of
the polypeptides of the present technology, the nucleic acid containing all or a portion of the
nucleotide sequence encoding the anti-L.1-CAM antibody is inserted into an appropriate
cloning vector, or an expression vector (i.e., a vector that contains the necessary elements for

the transcription and translation of the inserted polypeptide coding sequence) by recombinant
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DNA techniques well known in the art and as detailed below. Methods for producing diverse
populations of vectors have been described by Lerner ef al., U.S. Pat. Nos. 6,291,160 and
6,680,192

[00195] In general, expression vectors useful in recombinant DNA techniques are often in
the form of plasmids. In the present disclosure, “plasmid” and “vector” can be used
interchangeably as the plasmid is the most commonly used form of vector. However, the
present technology is intended to include such other forms of expression vectors that are not
technically plasmids, such as viral vectors (e.g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), which serve equivalent functions. Such viral
vectors permit infection of a subject and expression of a construct in that subject. In some
embodiments, the expression control sequences are eukaryotic promoter systems in vectors
capable of transforming or transfecting eukaryotic host cells. Once the vector has been
incorporated into the appropriate host, the host is maintained under conditions suitable for
high level expression of the nucleotide sequences encoding the anti-L.1-CAM antibody, and
the collection and purification of the anti-L1-CAM antibody, e.g., cross-reacting anti-L1-
CAM antibodies. See generally, U.S. 2002/0199213. These expression vectors are typically
replicable in the host organisms either as episomes or as an integral part of the host
chromosomal DNA. Commonly, expression vectors contain selection markers, e.g.,
ampicillin-resistance or hygromycin-resistance, to permit detection of those cells transformed
with the desired DNA sequences. Vectors can also encode signal peptide, e.g., pectate lyase,
useful to direct the secretion of extracellular antibody fragments. See U.S. Pat. No.

5,576,195.

[00196] The recombinant expression vectors of the present technology comprise a nucleic
acid encoding a protein with L1-CAM binding properties in a form suitable for expression of
the nucleic acid in a host cell, which means that the recombinant expression vectors include
one or more regulatory sequences, selected on the basis of the host cells to be used for
expression that is operably-linked to the nucleic acid sequence to be expressed. Within a
recombinant expression vector, “operably-linked” is intended to mean that the nucleotide
sequence of interest is linked to the regulatory sequence(s) in a manner that allows for
expression of the nucleotide sequence (e.g., in an in vifro transcription/translation system or
in a host cell when the vector is introduced into the host cell). The term “regulatory
sequence” is intended to include promoters, enhancers and other expression control elements

(e.g., polyadenylation signals). Such regulatory sequences are described, e.g., in Goeddel,
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GENE EXPRESSION TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic
Press, San Diego, Calif. (1990). Regulatory sequences include those that direct constitutive
expression of a nucleotide sequence in many types of host cell and those that direct
expression of the nucleotide sequence only in certain host cells (e.g., tissue-specific
regulatory sequences). It will be appreciated by those skilled in the art that the design of the
expression vector can depend on such factors as the choice of the host cell to be transformed,
the level of expression of polypeptide desired, efc. Typical regulatory sequences useful as
promoters of recombinant polypeptide expression (e.g., anti-L1-CAM antibody), include,
e.g., but are not limited to, promoters of 3-phosphoglycerate kinase and other glycolytic
enzymes. Inducible yeast promoters include, among others, promoters from alcohol
dehydrogenase, isocytochrome C, and enzymes responsible for maltose and galactose
utilization. In one embodiment, a polynucleotide encoding an anti-L1-CAM antibody of the
present technology is operably-linked to an ara B promoter and expressible in a host cell. See
U.S. Pat. 5,028,530. The expression vectors of the present technology can be introduced into
host cells to thereby produce polypeptides or peptides, including fusion polypeptides,
encoded by nucleic acids as described herein (e.g., anti-L1-CAM antibody, efc.).

[00197] Another aspect of the present technology pertains to anti-L 1-CAM antibody-
expressing host cells, which contain a nucleic acid encoding one or more anti-L.1-CAM
antibodies. The recombinant expression vectors of the present technology can be designed
for expression of an anti-L.1-CAM antibody in prokaryotic or eukaryotic cells. For example,
an anti-L 1-CAM antibody can be expressed in bacterial cells such as Escherichia coli, insect
cells (using baculovirus expression vectors), fungal cells, e.g., yeast, yeast cells or
mammalian cells. Suitable host cells are discussed further in Goeddel, GENE EXPRESSION
TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic Press, San Diego, Calif.
(1990). Alternatively, the recombinant expression vector can be transcribed and translated in
vitro, e.g., using T7 promoter regulatory sequences and T7 polymerase. Methods useful for
the preparation and screening of polypeptides having a predetermined property, e.g., anti-L1-
CAM antibody, via expression of stochastically generated polynucleotide sequences has been
previously described. See U.S. Pat. Nos. 5,763,192; 5,723,323; 5,814,476, 5,817,483,
5,824.514; 5,976,862; 6,492.107; 6,569,641,

[00198] Expression of polypeptides in prokaryotes is most often carried out in £. coli with
vectors containing constitutive or inducible promoters directing the expression of either

fusion or non-fusion polypeptides. Fusion vectors add a number of amino acids to a
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polypeptide encoded therein, usually to the amino terminus of the recombinant polypeptide.
Such fusion vectors typically serve three purposes: (1) to increase expression of recombinant
polypeptide; (i1) to increase the solubility of the recombinant polypeptide; and (iii) to aid in
the purification of the recombinant polypeptide by acting as a ligand in affinity purification.
Often, in fusion expression vectors, a proteolytic cleavage site is introduced at the junction of
the fusion moiety and the recombinant polypeptide to enable separation of the recombinant
polypeptide from the fusion moiety subsequent to purification of the fusion polypeptide.
Such enzymes, and their cognate recognition sequences, include Factor Xa, thrombin and
enterokinase. Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc;
Smith and Johnson, 1988. Gene 67: 31-40), pMAL (New England Biolabs, Beverly, Mass.)
and pRITS (Pharmacia, Piscataway, N.J.) that fuse glutathione S-transferase (GST), maltose
E binding polypeptide, or polypeptide A, respectively, to the target recombinant polypeptide.

[00199] Examples of suitable inducible non-fusion £. coli expression vectors include pTrc
(Amrann ef al., (1988) Gene 69: 301-315) and pET 11d (Studier e al., GENE EXPRESSION
TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic Press, San Diego, Calif.
(1990) 60-89). Methods for targeted assembly of distinct active peptide or protein domains
to yield multifunctional polypeptides via polypeptide fusion has been described by Pack et
al., U.S. Pat. Nos. 6,294,353; 6,692,935. One strategy to maximize recombinant polypeptide
expression, e.g., an anti-L 1-CAM antibody, in £. coli is to express the polypeptide in host
bacteria with an impaired capacity to proteolytically cleave the recombinant polypeptide.
See, e.g., Gottesman, GENE EXPRESSION TECHNOLOGY: METHODS IN
ENZYMOLOGY 185, Academic Press, San Diego, Calif. (1990) 119-128. Another strategy
is to alter the nucleic acid sequence of the nucleic acid to be inserted into an expression
vector so that the individual codons for each amino acid are those preferentially utilized in
the expression host, e.g., E. coli (See, e.g., Wada, et al., 1992. Nucl. Acids Res. 20: 2111-
2118). Such alteration of nucleic acid sequences of the present technology can be carried out

by standard DNA synthesis techniques.

[00200] In another embodiment, the anti-L.1-CAM antibody expression vector is a yeast
expression vector. Examples of vectors for expression in yeast Saccharomyces cerevisiae
include pYepSecl (Baldari, et al., 1987. EMBO J. 6: 229-234), pMFa (Kurjan and
Herskowitz, Cell 30: 933-943, 1982), pJRY88 (Schultz et al., Gene 54: 113-123, 1987),
pYES2 (Invitrogen Corporation, San Diego, Calif.), and picZ (Invitrogen Corp, San Diego,

Calif)). Alternatively, an anti-L1-CAM antibody can be expressed in insect cells using
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baculovirus expression vectors. Baculovirus vectors available for expression of polypeptides,
e.g., anti-L1-CAM antibody, in cultured insect cells (e.g., SF9 cells) include the pAc series
(Smith, et al., Mol. Cell. Biol. 3: 2156-2165, 1983) and the pVL series (Lucklow and
Summers, 1989. Virology 170: 31-39).

[00201] In yet another embodiment, a nucleic acid encoding an anti-L.1-CAM antibody of
the present technology is expressed in mammalian cells using a mammalian expression
vector. Examples of mammalian expression vectors include, e.g., but are not limited to,
pCDMS (Seed, Nature 329: 840, 1987) and pMT2PC (Kaufman, et al., EMBO J. 6: 187-195,
1987). When used in mammalian cells, the expression vector's control functions are often
provided by viral regulatory elements. For example, commonly used promoters are derived
from polyoma, adenovirus 2, cytomegalovirus, and simian virus 40. For other suitable
expression systems for both prokaryotic and eukaryotic cells that are useful for expression of
the anti-L 1-CAM antibody of the present technology, see, e.g., Chapters 16 and 17 of
Sambrook, ef al., MOLECULAR CLONING: A LABORATORY MANUAL. 2nd ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y .,
1989.

[00202] In another embodiment, the recombinant mammalian expression vector is capable
of directing expression of the nucleic acid in a particular cell type (e.g., tissue-specific
regulatory elements). Tissue-specific regulatory elements are known in the art. Non-limiting
examples of suitable tissue-specific promoters include the albumin promoter (liver-specific;
Pinkert, et al., Genes Dev. 1: 268-277, 1987), lymphoid-specific promoters (Calame and
Eaton, Adv. Immunol. 43: 235-275, 1988), promoters of T cell receptors (Winoto and
Baltimore, FMBO J. 8: 729-733, 1989) and immunoglobulins (Banerji, ef al., 1983. Cell 33:
729-740; Queen and Baltimore, Cel/ 33: 741-748, 1983.), neuron-specific promoters (e.g., the
neurofilament promoter; Byrne and Ruddle, Proc. Natl. Acad. Sci. USA 86: 5473-5477,
1989), pancreas-specific promoters (Edlund, e al., 1985. Science 230: 912-916), and
mammary gland-specific promoters (e.g., milk whey promoter; U.S. Pat. No. 4,873,316 and
European Application Publication No. 264,166). Developmentally-regulated promoters are
also encompassed, e.g., the murine hox promoters (Kessel and Gruss, Science 249: 374-379,

1990) and the a-fetoprotein promoter (Campes and Tilghman, Genes Dev. 3: 537-546, 1989).

[00203] Another aspect of the present methods pertains to host cells into which a
recombinant expression vector of the present technology has been introduced. The terms

“host cell” and “recombinant host cell” are used interchangeably herein. It is understood that
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such terms refer 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 either mutation or environmental influences, such progeny may not, in fact, be

identical to the parent cell, but are still included within the scope of the term as used herein.

[00204] A host cell can be any prokaryotic or eukaryotic cell. For example, an anti-L1-
CAM antibody can be expressed in bacterial cells such as £. coli, insect cells, yeast or
mammalian cells. Mammalian cells are a suitable host for expressing nucleotide segments
encoding immunoglobulins or fragments thereof. See Winnacker, From Genes 1o Clones,
(VCH Publishers, NY, 1987). A number of suitable host cell lines capable of secreting intact
heterologous proteins have been developed in the art, and include Chinese hamster ovary
(CHO) cell lines, various COS cell lines, HeLa cells, L cells and myeloma cell lines. In some
embodiments, the cells are non-human. Expression vectors for these cells can include
expression control sequences, such as an origin of replication, a promoter, an enhancer, and
necessary processing information sites, such as ribosome binding sites, RNA splice sites,
polyadenylation sites, and transcriptional terminator sequences. Queen et al., Immunol. Rev.
89: 49, 1986. Illustrative expression control sequences are promoters derived from
endogenous genes, cytomegalovirus, SV40, adenovirus, bovine papillomavirus, and the like.
Coetal.,JImmunol 148: 1149, 1992. Other suitable host cells are known to those skilled in
the art.

[00205] Vector DNA can be introduced into prokaryotic or eukaryotic cells via
conventional transformation or transfection techniques. As used herein, the terms
“transformation” and “transfection” are intended to refer to a variety of art-recognized
techniques for introducing foreign nucleic acid (e.g., DNA) into a host cell, including calcium
phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated transfection,
lipofection, electroporation, biolistics or viral-based transfection. Other methods used to
transform mammalian cells include the use of polybrene, protoplast fusion, liposomes,
electroporation, and microinjection (See generally, Sambrook et al., Molecular Cloning).
Suitable methods for transforming or transfecting host cells can be found in Sambrook, et al.
(MOLECULAR CLONING: A LABORATORY MANUAL. 2nd ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989), and
other laboratory manuals. The vectors containing the DNA segments of interest can be

transferred into the host cell by well-known methods, depending on the type of cellular host.
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[00206] For stable transfection of mammalian cells, it is known that, depending upon the
expression vector and transfection technique used, only a small fraction of cells may integrate
the foreign DNA into their genome. In order to identify and select these integrants, a gene
that encodes a selectable marker (e.g., resistance to antibiotics) is generally introduced into
the host cells along with the gene of interest. Various selectable markers include those that
confer resistance to drugs, such as G418, hygromycin and methotrexate. Nucleic acid
encoding a selectable marker can be introduced into a host cell on the same vector as that
encoding the anti-L.1-CAM antibody or can be introduced on a separate vector. Cells stably
transfected with the introduced nucleic acid can be identified by drug selection (e.g., cells

that have incorporated the selectable marker gene will survive, while the other cells die).

[00207] A host cell that includes an anti-L.1-CAM antibody of the present technology,
such as a prokaryotic or eukaryotic host cell in culture, can be used to produce (7.e., express)
recombinant anti-L1-CAM antibody. In one embodiment, the method comprises culturing
the host cell (into which a recombinant expression vector encoding the anti-L1-CAM
antibody has been introduced) in a suitable medium such that the anti-L.1-CAM antibody is
produced. In another embodiment, the method further comprises the step of isolating the
anti-L.1-CAM antibody from the medium or the host cell. Once expressed, collections of the
anti-L.1-CAM antibody, e.g., the anti-L1-CAM antibodies or the anti-L.1-CAM antibody-
related polypeptides are purified from culture media and host cells. The anti-L1-CAM
antibody can be purified according to standard procedures of the art, including HPLC
purification, column chromatography, gel electrophoresis and the like. In one embodiment,
the anti-L1-CAM antibody is produced in a host organism by the method of Boss ef al., U.S.
Pat. No. 4,816,397. Usually, anti-L1-CAM antibody chains are expressed with signal
sequences and are thus released to the culture media. However, if the anti-L1-CAM antibody
chains are not naturally secreted by host cells, the anti-L1-CAM antibody chains can be
released by treatment with mild detergent. Purification of recombinant polypeptides is well
known in the art and includes ammonium sulfate precipitation, affinity chromatography
purification technique, column chromatography, ion exchange purification technique, gel
electrophoresis and the like (See generally Scopes, Protein Purification (Springer-Verlag,

N.Y., 1982).

[00208] Polynucleotides encoding anti-L.1-CAM antibodies, e.g., the anti-L1-CAM
antibody coding sequences, can be incorporated in transgenes for introduction into the

genome of a transgenic animal and subsequent expression in the milk of the transgenic
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animal. See, e.g., U.S. Pat. Nos. 5,741,957, 5,304,489, and 5,849,992, Suitable transgenes
include coding sequences for light and/or heavy chains in operable linkage with a promoter
and enhancer from a mammary gland specific gene, such as casein or B-lactoglobulin. For
production of transgenic animals, transgenes can be microinjected into fertilized oocytes, or
can be incorporated into the genome of embryonic stem cells, and the nuclei of such cells

transferred into enucleated oocytes.

[00209]  Single-Chain Antibodies. In one embodiment, the anti-L1-CAM antibody of the
present technology is a single-chain anti-L1-CAM antibody. According to the present
technology, techniques can be adapted for the production of single-chain antibodies specific
to a L1-CAM protein (See, e.g., U.S. Pat. No. 4,946,778). Examples of techniques which can
be used to produce single-chain Fvs and antibodies of the present technology include those
described in U.S. Pat. Nos. 4,946,778 and 5,258,498; Huston et al., Methods in Enzymology,
203:46-88, 1991; Shu, L. et al., Proc. Natl. Acad. Sci. USA, 90: 7995-7999, 1993; and Skerra
et al., Science 240: 1038-1040, 1988.

[00210] Chimeric and Humanized Antibodies. In one embodiment, the anti-L1-CAM
antibody of the present technology is a chimeric anti-L.1-CAM antibody. In one embodiment,
the anti-L.1-CAM antibody of the present technology is a humanized anti-L.1-CAM antibody.
In one embodiment of the present technology, the donor and acceptor antibodies are
monoclonal antibodies from different species. For example, the acceptor antibody is a human
antibody (to minimize its antigenicity in a human), in which case the resulting CDR-grafted

antibody is termed a “humanized” antibody.

[00211] Recombinant anti-L1-CAM antibodies, such as chimeric and humanized
monoclonal antibodies, comprising both human and non-human portions, can be made using
standard recombinant DNA techniques, and are within the scope of the present technology.
For some uses, including iz vivo use of the anti-L.1-CAM antibody of the present technology
in humans as well as use of these agents in in vifro detection assays, it is possible to use
chimeric or humanized anti-L1-CAM antibodies. Such chimeric and humanized monoclonal
antibodies can be produced by recombinant DNA techniques known in the art. Such useful
methods include, e.g., but are not limited to, methods described in International Application
No. PCT/US86/02269; U.S. Pat. No. 5,225,539; European Patent No. 184187; European
Patent No. 171496; European Patent No. 173494; PCT International Publication No.

WO 86/01533; U.S. Pat. Nos. 4,816,567, 5,225,539, European Patent No. 125023 Better, ef
al., 1988. Science 240: 1041-1043; Liu, et al., 1987. Proc. Natl. Acad. Sci. USA 84: 3439-
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3443; Liu, et al., 1987. J. Immunol. 139: 3521-3526; Sun, et al., 1987. Proc. Natl. Acad. Sci.
USA 84: 214-218; Nishimura, et al., 1987. Cancer Res. 47: 999-1005; Wood, et al., 1985.
Nature 314: 446-449; Shaw, et al., 1988. J. Natl. Cancer Inst. 80: 1553-1559; Morrison
(1985) Science 229: 1202-1207; O4, et al. (1986) BioTechniques 4: 214, Jones, et al., 1986.
Nature 321: 552-525; Verhoeyan, et al., 1988. Science 239: 1534; Morrison, Science 229:
1202, 1985; Oi et al., Biolechniques 4: 214, 1986; Gillies et al., J. Immunol. Methods, 125:
191-202, 1989; U.S. Pat. No. 5,807,715; and Beidler, et al., 1988. J. Immunol. 141: 4053-
4060. For example, antibodies can be humanized using a variety of techniques including
CDR-grafting (EP 0 239 400; WO 91/09967; U.S. Pat. No. 5,530,101; 5,585,089, 5,859,205;
6,248,516; EP460167), veneering or resurfacing (EP 0 592 106; EP 0 519 596; Padlan E. A,
Molecular Immunology, 28: 489-498, 1991; Studnicka et al., Protein Engineering 7: 805-814,
1994; Roguska ef al., PNAS 91: 969-973, 1994), and chain shuffling (U.S. Pat. No.
5,565,332). In one embodiment, a cDNA encoding a murine anti-L1-CAM monoclonal
antibody is digested with a restriction enzyme selected specifically to remove the sequence
encoding the Fc constant region, and the equivalent portion of a cDNA encoding a human Fc
constant region is substituted (See Robinson e7 al., PCT/US86/02269; Akira ef al., European
Patent Application 184,187; Taniguchi, European Patent Application 171,496; Morrison et
al., European Patent Application 173,494; Neuberger ef al., WO 86/01533; Cabilly et al. U.S.
Patent No. 4,816,567, Cabilly et al., European Patent Application 125,023; Better e al.
(1988) Science 240: 1041-1043; Liu et al. (1987) Proc. Natl. Acad. Sci. USA 84: 3439-3443;
Liu et al. (1987) J Immunol 139: 3521-3526; Sun et al. (1987) Proc. Natl. Acad. Sci. USA 84:
214-218; Nishimura ef al. (1987) Cancer Res 47: 999-1005; Wood et al. (1985) Nature 314:
446-449; and Shaw et al. (1988) J. Natl. Cancer Inst. 80: 1553-1559; U.S. Pat. No.
6,180,370; U.S. Pat. Nos. 6,300,064; 6,696,248, 6,706,484; 6,828,422.

[00212] In one embodiment, the present technology provides the construction of
humanized anti-L.1-CAM antibodies that are unlikely to induce a human anti-mouse antibody
(hereinafter referred to as “HAMA”) response, while still having an effective antibody
effector function. As used herein, the terms “human” and “humanized”, in relation to
antibodies, relate to any antibody which is expected to elicit a therapeutically tolerable weak
immunogenic response in a human subject. In one embodiment, the present technology

provides for a humanized anti-L1-CAM antibodies, heavy and light chain immunoglobulins.

[00213] CDR Antibodies. In some embodiments, the anti-L1-CAM antibody of the present
technology is an anti-L1-CAM CDR antibody. Generally the donor and acceptor antibodies
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used to generate the anti-L.1-CAM CDR antibody are monoclonal antibodies from different
species; typically the acceptor antibody is a human antibody (to minimize its antigenicity in a
human), in which case the resulting CDR-grafted antibody is termed a “humanized” antibody.
The graft may be of a single CDR (or even a portion of a single CDR) within a single Vg or
V1 of the acceptor antibody, or can be of multiple CDRs (or portions thereof) within one or
both of the Vg and V.. Frequently, all three CDRs in all variable domains of the acceptor
antibody will be replaced with the corresponding donor CDRs, though one need replace only
as many as necessary to permit adequate binding of the resulting CDR-grafted antibody to
L1-CAM protein. Methods for generating CDR-grafted and humanized antibodies are taught
by Queen ef al. U.S. Pat. No. 5,585,089; U.S. Pat. No. 5,693,761; U.S. Pat. No. 5,693,762;
and Winter U.S. 5,225,539; and EP 0682040. Methods useful to prepare Vi and Vi
polypeptides are taught by Winter ef al., U.S. Pat. Nos. 4,816,397; 6,291,158; 6,291,159,
6,291,161; 6,545,142; EP 0368684; EP0451216; and EP0120694.

[00214]  After selecting suitable framework region candidates from the same family and/or
the same family member, either or both the heavy and light chain variable regions are
produced by grafting the CDRs from the originating species into the hybrid framework
regions. Assembly of hybrid antibodies or hybrid antibody fragments having hybrid variable
chain regions with regard to either of the above aspects can be accomplished using
conventional methods known to those skilled in the art. For example, DNA sequences
encoding the hybrid variable domains described herein (i.e., frameworks based on the target
species and CDRs from the originating species) can be produced by oligonucleotide synthesis
and/or PCR. The nucleic acid encoding CDR regions can also be isolated from the
originating species antibodies using suitable restriction enzymes and ligated into the target
species framework by ligating with suitable ligation enzymes. Alternatively, the framework
regions of the variable chains of the originating species antibody can be changed by site-

directed mutagenesis.

[00215] Since the hybrids are constructed from choices among multiple candidates
corresponding to each framework region, there exist many combinations of sequences which
are amenable to construction in accordance with the principles described herein.
Accordingly, libraries of hybrids can be assembled having members with different
combinations of individual framework regions. Such libraries can be electronic database

collections of sequences or physical collections of hybrids.
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[00216] This process typically does not alter the acceptor antibody’s FRs flanking the
grafted CDRs. However, one skilled in the art can sometimes improve antigen binding
affinity of the resulting anti-L1-CAM CDR-grafted antibody by replacing certain residues of
a given FR to make the FR more similar to the corresponding FR of the donor antibody.
Suitable locations of the substitutions include amino acid residues adjacent to the CDR, or

which are capable of interacting with a CDR (See, e.g., US 5,585,089, especially columns 12

16). Or one skilled in the art can start with the donor FR and modify it to be more similar to
the acceptor FR or a human consensus FR. Techniques for making these modifications are
known in the art. Particularly if the resulting FR fits a human consensus FR for that position,
or is at least 90% or more identical to such a consensus FR, doing so may not increase the
antigenicity of the resulting modified anti-L 1-CAM CDR-grafted antibody significantly

compared to the same antibody with a fully human FR.

[00217]  Bispecific Antibodies (BsAbs). A bispecific antibody is an antibody that can bind
simultaneously to two targets that have a distinct structure, e.g., two different target antigens,
two different epitopes on the same target antigen, or a hapten and a target antigen or epitope
on a target antigen. BsAbs can be made, for example, by combining heavy chains and/or
light chains that recognize different epitopes of the same or different antigen. In some
embodiments, by molecular function, a bispecific binding agent binds one antigen (or
epitope) on one of its two binding arms (one VH/VL pair), and binds a different antigen (or
epitope) on its second arm (a different VH/VL pair). By this definition, a bispecific binding
agent has two distinct antigen binding arms (in both specificity and CDR sequences), and is

monovalent for each antigen to which it binds.

[00218] Bispecific antibodies (BsAb) and bispecific antibody fragments (BsFab) of the
present technology have at least one arm that specifically binds to, for example, L1-CAM and
at least one other arm that specifically binds to a second target antigen. In some
embodiments, the second target antigen is an antigen or epitope of a B-cell, a T-cell, a
myeloid cell, a plasma cell, or a mast-cell. Additionally or alternatively, in certain
embodiments, the second target antigen is selected from the group consisting of CD3, CD4,
CD8, CD20, CD19, CD21, CD23, CD46, CDS0, HLA-DR, CD74, CD22, CD14, CD15,
CD16, CD123, TCR gamma/delta, NKp46 and KIR. In certain embodiments, the BsAbs are
capable of binding to tumor cells that express L1-CAM antigen on the cell surface. In some
embodiments, the BsAbs have been engineered to facilitate killing of tumor cells by directing

(or recruiting) cytotoxic T cells to a tumor site. Other exemplary BsAbs include those with a
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first antigen binding site specific for L1-CAM and a second antigen binding site specific for a
small molecule hapten (e.g., DTP A, IMP288, DOTA, DOTA-Bn, DOTA-desferrioxamine,
other DOTA-chelates described herein, Biotin, fluorescein, or those disclosed in Goodwin, D

A. et al, 1994, Cancer Res. 54(22):5937-5946).

[00219] A variety of bispecific fusion proteins can be produced using molecular
engineering. For example, BsAbs have been constructed that either utilize the full
immunoglobulin framework (e.g., IgG), single chain variable fragment (scFv), or
combinations thereof. In some embodiments, the bispecific fusion protein is divalent,
comprising, for example, a scFv with a single binding site for one antigen and a Fab fragment
with a single binding site for a second antigen. In other embodiments, the bispecific fusion
protein is tetravalent, comprising, for example, an immunoglobulin (e.g., IgG) with two
binding sites for one antigen and two identical scFv for a second antigen. BsAbs composed
of two scFv units in tandem have been shown to be a clinically successful bispecific antibody
format. In some embodiments, BsAbs comprise two single chain variable fragments (scFvs)
in tandem have been designed such that an scFv that binds a tumor antigen (e.g., L1-CAM) is
linked with an scFv that engages T cells (e.g., by binding CD3). In this way, T cells are
recruited to a tumor site such that they can mediate cytotoxic killing of the tumor cells. See
e.g., Dreier et al., J. Immunol. 170:4397-4402 (2003); Bargou et al., Science 321 :974- 977
(2008)).

[00220] Recent methods for producing BsAbs include engineered recombinant monoclonal
antibodies which have additional cysteine residues so that they crosslink more strongly than
the more common immunoglobulin isotypes. See, e.g., FitzGerald et al., Protein Eng.
10(10):1221-1225 (1997). Another approach is to engineer recombinant fusion proteins
linking two or more different single-chain antibody or antibody fragment segments with the
needed dual specificities. See, e.g., Coloma ef al., Nature Biotech. 15:159-163 (1997). A

variety of bispecific fusion proteins can be produced using molecular engineering.

[00221] Bispecific fusion proteins linking two or more different single-chain antibodies or
antibody fragments are produced in similar manner. Recombinant methods can be used to
produce a variety of fusion proteins. In some certain embodiments, a BsAb according to the
present technology comprises an immunoglobulin, which immunoglobulin comprises a heavy
chain and a light chain, and an scFv. In some certain embodiments, the scFv is linked to the
C-terminal end of the heavy chain of any L1-CAM immunoglobulin disclosed herein. In

some certain embodiments, scFvs are linked to the C-terminal end of the light chain of any
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L1-CAM immunoglobulin disclosed herein. In various embodiments, scFvs are linked to
heavy or light chains via a linker sequence. Appropriate linker sequences necessary for the
in-frame connection of the heavy chain Fd to the scFv are introduced into the Vi and Vigppa
domains through PCR reactions. The DNA fragment encoding the scFv is then ligated into a
staging vector containing a DNA sequence encoding the CH1 domain. The resulting scFv-
CHI construct is excised and ligated into a vector containing a DNA sequence encoding the
Vyregion of a L1-CAM antibody. The resulting vector can be used to transfect an
appropriate host cell, such as a mammalian cell for the expression of the bispecific fusion

protein.

[00222] In some embodiments, a linker is at least 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100 or more amino acids in length. In some embodiments, a linker is
characterized in that it tends not to adopt a rigid three-dimensional structure, but rather
provides flexibility to the polypeptide (e.g., first and/or second antigen binding sites). In
some embodiments, a linker is employed in a BsAb described herein based on specific
properties imparted to the BsAb such as, for example, an increase in stability. In some
embodiments, a BsAb of the present technology comprises a G4S linker (SEQ ID NO: 76). In
some certain embodiments, a BsAb of the present technology comprises a (G4S), linker,

whereinnis 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15 or more (SEQ ID NO: 78).

[00223] Fc Modifications. In some embodiments, the anti-L.1-CAM antibodies of the
present technology comprise a variant Fc¢ region, wherein said variant Fc region comprises at
least one amino acid modification relative to a wild-type Fc region (or the parental Fc
region), such that said molecule has an altered affinity for an Fc receptor (e.g., an FcyR),
provided that said variant Fc¢ region does not have a substitution at positions that make a
direct contact with Fc receptor based on crystallographic and structural analysis of Fc-Fc
receptor interactions such as those disclosed by Sondermann et al., Nature, 406:267-273
(2000). Examples of positions within the Fc region that make a direct contact with an Fc
receptor such as an FcyR, include amino acids 234-239 (hinge region), amino acids 265-269

(B/C loop), amino acids 297-299 (C7E loop), and amino acids 327-332 (F/G) loop.

[00224] In some embodiments, an anti-L1-CAM antibody of the present technology has an
altered affinity for activating and/or inhibitory receptors, having a variant Fc region with one
or more amino acid modifications, wherein said one or more amino acid modification is a

N297 substitution with alanine, or a K322 substitution with alanine.
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[00225]  Glycosylation Modifications. In some embodiments, anti-L1-CAM antibodies of
the present technology have an Fc region with variant glycosylation as compared to a parent
Fc region. In some embodiments, variant glycosylation includes the absence of fucose; in
some embodiments, variant glycosylation results from expression in GnT1 -deficient CHO

cells.

[00226] In some embodiments, the antibodies of the present technology, may have a
modified glycosylation site relative to an appropriate reference antibody that binds to an
antigen of interest (e.g., L1-CAM), without altering the functionality of the antibody, e.g.,
binding activity to the antigen. As used herein, "glycosylation sites" include any specific
amino acid sequence in an antibody to which an oligosaccharide (i.e., carbohydrates

containing two or more simple sugars linked together) will specifically and covalently attach.

[00227] Oligosaccharide side chains are typically linked to the backbone of an antibody
via either N-or O-linkages. N-linked glycosylation refers to the attachment of an
oligosaccharide moiety to the side chain of an asparagine residue. O-linked glycosylation
refers to the attachment of an oligosaccharide moiety to a hydroxyamino acid, e.g., serine,
threonine. For example, an Fc- glycoform (huL 1-CAM-IgGln) that lacks certain
oligosaccharides including fucose and terminal N- acetylglucosamine may be produced in

special CHO cells and exhibit enhanced ADCC eftfector function.

[00228] In some embodiments, the carbohydrate content of an immunoglobulin-related
composition disclosed herein is modified by adding or deleting a glycosylation site. Methods
for modifying the carbohydrate content of antibodies are well known in the art and are
included within the present technology, see, e.g., U.S. Patent No. 6,218,149; EP 0359096B1 ;
U.S. Patent Publication No. US 2002/0028486; International Patent Application Publication
WO 03/035835; U.S. Patent Publication No. 2003/0115614; U.S. Patent No. 6,218,149; U.S.
Patent No. 6,472,511; all of which are incorporated herein by reference in their entirety. In
some embodiments, the carbohydrate content of an antibody (or relevant portion or
component thereof) is modified by deleting one or more endogenous carbohydrate moieties
of the antibody. In some certain embodiments, the present technology includes deleting the
glycosylation site of the Fc region of an antibody, by modifying position 297 from asparagine

to alanine.

[00229] Engineered glycoforms may be useful for a variety of purposes, including but not

limited to enhancing or reducing effector function. Engineered glycoforms may be generated
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by any method known to one skilled in the art, for example by using engineered or variant
expression strains, by co-expression with one or more enzymes, for example DI N-
acetylglucosaminyltransferase III (GnTIII), by expressing a molecule comprising an Fc
region in various organisms or cell lines from various organisms, or by modifying
carbohydrate(s) after the molecule comprising Fc¢ region has been expressed. Methods for
generating engineered glycoforms are known in the art, and include but are not limited to
those described in Umana et al., 1999, Nat. Biotechnol. 17: 176-180; Davies et al., 2001,
Biotechnol. Bioeng. 74:288-294; Shields et al., 2002, J. Biol. Chem. 277:26733-26740;
Shinkawa et al., 2003, J. Biol. Chem. 278:3466-3473; U.S. Patent No. 6,602,684; U.S. Patent
Application Serial No. 10/277,370; U.S. Patent Application Serial No. 10/113,929;
International Patent Application Publications WO 00/61739A1 ; WO 01/292246A1; WO
02/311140A1; WO 02/30954A1; POTILLEGENT™ technology (Biowa, Inc. Princeton,
N.J.); GLYCOMAB™ ¢lycosylation engineering technology (GLYCART biotechnology
AG, Zurich, Switzerland); each of which is incorporated herein by reference in its entirety.
See, e.g., International Patent Application Publication WO 00/061739; U.S. Patent
Application Publication No. 2003/0115614; Okazaki ef al., 2004, JMB, 336: 1239-49.

[00230] Fusion Proteins. In one embodiment, the anti-L1-CAM antibody of the present
technology is a fusion protein. The anti-L.1-CAM antibodies of the present technology, when
fused to a second protein, can be used as an antigenic tag. Examples of domains that can be
fused to polypeptides include not only heterologous signal sequences, but also other
heterologous functional regions. The fusion does not necessarily need to be direct, but can
occur through linker sequences. Moreover, fusion proteins of the present technology can also
be engineered to improve characteristics of the anti-L1-CAM antibodies. For instance, a
region of additional amino acids, particularly charged amino acids, can be added to the
N-terminus of the anti-L1-CAM antibody to improve stability and persistence during
purification from the host cell or subsequent handling and storage. Also, peptide moieties
can be added to an anti-L1-CAM antibody to facilitate purification. Such regions can be
removed prior to final preparation of the anti-L1-CAM antibody. The addition of peptide
moieties to facilitate handling of polypeptides are familiar and routine techniques in the art.
The anti-L 1-CAM antibody of the present technology can be fused to marker sequences, such
as a peptide which facilitates purification of the fused polypeptide. In select embodiments,
the marker amino acid sequence is a hexa-histidine peptide (SEQ ID NO: 79), such as the tag
provided in a pQE vector (QIAGEN, Inc., Chatsworth, Calif), among others, many of which
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are commercially available. As described in Gentz et al., Proc. Natl. Acad. Sci. USA 86: 821-
824, 1989, for instance, hexa-histidine (SEQ ID NO: 79) provides for convenient purification
of the fusion protein. Another peptide tag useful for purification, the “HA” tag, corresponds
to an epitope derived from the influenza hemagglutinin protein. Wilson et al., Cell 37: 767,

1984.

[00231] Thus, any of these above fusion proteins can be engineered using the
polynucleotides or the polypeptides of the present technology. Also, in some embodiments,

the fusion proteins described herein show an increased half-life in vivo.

[00232] Fusion proteins having disulfide-linked dimeric structures (due to the IgG) can be
more efficient in binding and neutralizing other molecules compared to the monomeric
secreted protein or protein fragment alone. Fountoulakis ez al., J. Biochem. 270: 3958-3964,

1995.

[00233] Similarly, EP-A-O 464 533 (Canadian counterpart 2045869) discloses fusion
proteins comprising various portions of constant region of immunoglobulin molecules
together with another human protein or a fragment thereof. In many cases, the Fc partin a
fusion protein is beneficial in therapy and diagnosis, and thus can result in, e.g., improved
pharmacokinetic properties. See EP-A 0232 262. Alternatively, deleting or modifying the Fc
part after the fusion protein has been expressed, detected, and purified, may be desired. For
example, the Fc portion can hinder therapy and diagnosis if the fusion protein is used as an
antigen for immunizations. In drug discovery, e.g., human proteins, such as hIL-5, have been
fused with Fc portions for the purpose of high-throughput screening assays to identify
antagonists of hIL-5. Bennett et al., J. Molecular Recognition 8: 52-58, 1995, Johanson et
al., J. Biol. Chem., 270: 9459-9471, 1995.

[00234] Labeled Anti-L1-CAM antibodies. In one embodiment, the anti-L.1-CAM
antibody of the present technology is coupled with a label moiety, i.e., detectable group. The
particular label or detectable group conjugated to the anti-L.1-CAM antibody is not a critical
aspect of the technology, so long as it does not significantly interfere with the specific
binding of the anti-L.1-CAM antibody of the present technology to the L1-CAM protein. The
detectable group can be any material having a detectable physical or chemical property. Such
detectable labels have been well-developed in the field of immunoassays and imaging. In
general, almost any label useful in such methods can be applied to the present technology.

Thus, a label is any composition detectable by spectroscopic, photochemical, biochemical,
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immunochemical, electrical, optical or chemical means. Labels useful in the practice of the
present technology include magnetic beads (e.g., Dynabeads™), fluorescent dyes (e.g.,

fluorescein isothiocyanate, Texas red, rhodamine, and the like), radiolabels (e.g., ‘H, ¢, s,
1251 1211 1311 1121

2 2 2

n, ”’mTc), other imaging agents such as microbubbles (for ultrasound
imaging), "*F, ''C, 0, (for Positron emission tomography), **"TC, ""'In (for Single photon
emission tomography), enzymes (e.g., horse radish peroxidase, alkaline phosphatase and
others commonly used in an ELISA), and calorimetric labels such as colloidal gold or colored
glass or plastic (e.g., polystyrene, polypropylene, latex, and the like) beads. Patents that
describe the use of such labels include U.S. Pat. Nos. 3,817,837, 3,850,752; 3,939,350;
3,996,345; 4,277,437, 4,275,149; and 4,366,241, each incorporated herein by reference in
their entirety and for all purposes. See also Handbook of Fluorescent Probes and Research

Chemicals (6™ Ed., Molecular Probes, Inc., Eugene OR.).

[00235] The label can be coupled directly or indirectly to the desired component of an
assay according to methods well known in the art. As indicated above, a wide variety of
labels can be used, with the choice of label depending on factors such as required sensitivity,
ease of conjugation with the compound, stability requirements, available instrumentation, and

disposal provisions.

[00236] Non-radioactive labels are often attached by indirect means. Generally, a ligand
molecule (e.g., biotin) is covalently bound to the molecule. The ligand then binds to an anti-
ligand (e.g., streptavidin) molecule which is either inherently detectable or covalently bound
to a signal system, such as a detectable enzyme, a fluorescent compound, or a
chemiluminescent compound. A number of ligands and anti-ligands can be used. Where a
ligand has a natural anti-ligand, e.g., biotin, thyroxine, and cortisol, it can be used in
conjunction with the labeled, naturally-occurring anti-ligands. Alternatively, any haptenic or
antigenic compound can be used in combination with an antibody, e.g., an anti-L1-CAM

antibody.

[00237] The molecules can also be conjugated directly to signal generating compounds,
e.g., by conjugation with an enzyme or fluorophore. Enzymes of interest as labels will
primarily be hydrolases, particularly phosphatases, esterases and glycosidases, or
oxidoreductases, particularly peroxidases. Fluorescent compounds useful as labeling
moieties, include, but are not limited to, e.g., fluorescein and its derivatives, rhodamine and
its derivatives, dansyl, umbelliferone, and the like. Chemiluminescent compounds useful as

labeling moieties, include, but are not limited to, e.g., luciferin, and 2,3-
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dihydrophthalazinediones, e.g., luminol. For a review of various labeling or signal-producing

systems which can be used, see U.S. Pat. No. 4,391,904.

[00238] Means of detecting labels are well known to those of skill in the art. Thus, for
example, where the label is a radioactive label, means for detection include a scintillation
counter or photographic film as in autoradiography. Where the label is a fluorescent label, it
can be detected by exciting the fluorochrome with the appropriate wavelength of light and
detecting the resulting fluorescence. The fluorescence can be detected visually, by means of
photographic film, by the use of electronic detectors such as charge coupled devices (CCDs)
or photomultipliers and the like. Similarly, enzymatic labels can be detected by providing the
appropriate substrates for the enzyme and detecting the resulting reaction product. Finally
simple colorimetric labels can be detected simply by observing the color associated with the
label. Thus, in various dipstick assays, conjugated gold often appears pink, while various

conjugated beads appear the color of the bead.

[00239] Some assay formats do not require the use of labeled components. For instance,
agglutination assays can be used to detect the presence of the target antibodies, e.g., the anti-
L1-CAM antibodies. In this case, antigen-coated particles are agglutinated by samples
comprising the target antibodies. In this format, none of the components need be labeled and

the presence of the target antibody is detected by simple visual inspection.

B. Identifying and Characterizing the Anti-L 1-CAM Antibodies of the Present Technology
[00240] Methods for identifying and/or screening the anti-L1-CAM antibodies of the

present technology. Methods useful to identify and screen antibodies against L1-CAM
polypeptides for those that possess the desired specificity to L1-CAM protein include any
immunologically-mediated techniques known within the art. Components of an immune
response can be detected in vitro by various methods that are well known to those of ordinary
skill in the art. For example, (1) cytotoxic T lymphocytes can be incubated with
radioactively labeled target cells and the lysis of these target cells detected by the release of
radioactivity; (2) helper T lymphocytes can be incubated with antigens and antigen presenting
cells and the synthesis and secretion of cytokines measured by standard methods (Windhagen
A et al., Immunity, 2: 373-80, 1995); (3) antigen presenting cells can be incubated with whole
protein antigen and the presentation of that antigen on MHC detected by either T lymphocyte
activation assays or biophysical methods (Harding ef al., Proc. Natl. Acad. Sci., 86: 4230-4,

1989); (4) mast cells can be incubated with reagents that cross-link their Fc-epsilon receptors
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and histamine release measured by enzyme immunoassay (Siraganian ef al., TIPS, 4: 432-

437, 1983); and (5) enzyme-linked immunosorbent assay (ELISA).

[00241] Similarly, products of an immune response in either a model organism (e.g.,
mouse) or a human subject can also be detected by various methods that are well known to
those of ordinary skill in the art. For example, (1) the production of antibodies in response to
vaccination can be readily detected by standard methods currently used in clinical
laboratories, e.g., an ELISA; (2) the migration of immune cells to sites of inflammation can
be detected by scratching the surface of skin and placing a sterile container to capture the
migrating cells over scratch site (Peters ef al., Blood, 72: 1310-5, 1988); (3) the proliferation
of peripheral blood mononuclear cells (PBMCs) in response to mitogens or mixed
lymphocyte reaction can be measured using *H-thymidine; (4) the phagocytic capacity of
granulocytes, macrophages, and other phagocytes in PBMCs can be measured by placing
PBMC:s in wells together with labeled particles (Peters et al., Blood, 72: 1310-5, 1988); and
(5) the differentiation of immune system cells can be measured by labeling PBMCs with
antibodies to CD molecules such as CD4 and CD8 and measuring the fraction of the PBMCs

expressing these markers.

[00242] In one embodiment, anti-L1-CAM antibodies of the present technology are
selected using display of L1-CAM peptides on the surface of replicable genetic packages.
See, e.g., U.S. Pat. Nos. 5,514,548; 5,837,500; 5,871,907; 5,885,793; 5,969,108 6,225,447,
6,291,650; 6,492,160 EP 585 287; EP 605522; EP 616640; EP 1024191; EP 589 877;

EP 774 511; EP 844 306. Methods useful for producing/selecting a filamentous
bacteriophage particle containing a phagemid genome encoding for a binding molecule with a
desired specificity has been described. See, e.g., EP 774 511; US 5871907; US 5969108; US
6225447, US 6291650, US 6492160.

[00243] In some embodiments, anti-L.1-CAM antibodies of the present technology are
selected using display of L1-CAM peptides on the surface of a yeast host cell. Methods
useful for the isolation of scFv polypeptides by yeast surface display have been described by
Kieke et al., Protein Eng. 1997 Nov; 10(11): 1303-10.

[00244] In some embodiments, anti-L.1-CAM antibodies of the present technology are
selected using ribosome display. Methods useful for identifying ligands in peptide libraries
using ribosome display have been described by Mattheakis et al., Proc. Natl. Acad. Sci. USA
91: 9022-26, 1994; and Hanes et al., Proc. Natl. Acad. Sci. USA 94: 4937-42, 1997.
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[00245] In certain embodiments, anti-L.1-CAM antibodies of the present technology are
selected using tRNA display of L1-CAM peptides. Methods useful for in vitro selection of
ligands using tRNA display have been described by Merryman et al., Chem. Biol., 9: 741-46,
2002.

[00246] In one embodiment, anti-L1-CAM antibodies of the present technology are
selected using RNA display. Methods useful for selecting peptides and proteins using RNA
display libraries have been described by Roberts ef al. Proc. Natl. Acad. Sci. USA, 94: 12297-
302, 1997; and Nemoto et al., FEBS Lett., 414: 405-8, 1997. Methods useful for selecting
peptides and proteins using unnatural RNA display libraries have been described by Frankel
et al., Curr. Opin. Struct. Biol., 13: 506-12, 2003.

[00247] In some embodiments, anti-L.1-CAM antibodies of the present technology are
expressed in the periplasm of gram negative bacteria and mixed with labeled L1-CAM
protein. See WO 02/34886. In clones expressing recombinant polypeptides with affinity for
L1-CAM protein, the concentration of the labeled L1-CAM protein bound to the anti-L1-
CAM antibodies is increased and allows the cells to be isolated from the rest of the library as
described in Harvey et al., Proc. Natl. Acad. Sci. 22: 9193-98 2004 and U.S. Pat. Publication
No. 2004/0058403.

[00248]  After selection of the desired anti-L1-CAM antibodies, it is contemplated that said
antibodies can be produced in large volume by any technique known to those skilled in the
art, e.g., prokaryotic or eukaryotic cell expression and the like. The anti-L.1-CAM antibodies
which are, e.g., but not limited to, anti-L1-CAM hybrid antibodies or fragments can be
produced by using conventional techniques to construct an expression vector that encodes an
antibody heavy chain in which the CDRs and, if necessary, a minimal portion of the variable
region framework, that are required to retain original species antibody binding specificity (as
engineered according to the techniques described herein) are derived from the originating
species antibody and the remainder of the antibody is derived from a target species
immunoglobulin which can be manipulated as described herein, thereby producing a vector

for the expression of a hybrid antibody heavy chain.

[00249] Measurement of L1-CAM Binding. In some embodiments, a L1-CAM binding
assay refers to an assay format wherein L1-CAM protein and an anti-L 1-CAM antibody are
mixed under conditions suitable for binding between the L1-CAM protein and the anti-L1-

CAM antibody and assessing the amount of binding between the L1-CAM protein and the
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anti-L1-CAM antibody. The amount of binding is compared with a suitable control, which
can be the amount of binding in the absence of the L1-CAM protein, the amount of the
binding in the presence of a non-specific immunoglobulin composition, or both. The amount
of binding can be assessed by any suitable method. Binding assay methods include, e.g.,
ELISA, radioimmunoassays, scintillation proximity assays, fluorescence energy transfer
assays, liquid chromatography, membrane filtration assays, and the like. Biophysical assays
for the direct measurement of L1-CAM protein binding to anti-L 1-CAM antibody are, e.g.,
nuclear magnetic resonance, fluorescence, fluorescence polarization, surface plasmon
resonance (BIACORE chips) and the like. Specific binding is determined by standard assays
known in the art, e.g., radioligand binding assays, ELISA, FRET, immunoprecipitation, SPR,
NMR (2D-NMR), mass spectroscopy and the like. If the specific binding of a candidate anti-
L1-CAM antibody is at least 1 percent greater than the binding observed in the absence of the
candidate anti-L1-CAM antibody, the candidate anti-L 1-CAM antibody is useful as an anti-
L1-CAM antibody of the present technology.

[00250] AMeasurement of L1-CAM Neutralization. As used here, “L1-CAM neutralization”
refers to reduction of the activity and/or expression of L1-CAM protein through the binding
of an anti-L1-CAM antibody. The capacity of anti-L1-CAM antibodies of the present
technology to neutralize L1-CAM activity/expression may be assessed in vitro or in vivo

using methods known in the art.

Uses of the Anti-L1-CAM Antibodies of the Present Technology
[00251] General. The anti-L1-CAM antibodies of the present technology are useful in

methods known in the art relating to the localization and/or quantitation of a L1-CAM protein
(e.g., for use in measuring levels of the L1-CAM protein within appropriate physiological
samples, for use in diagnostic methods, for use in imaging the polypeptide, and the like).
Antibodies of the present technology are useful to isolate a L1-CAM protein by standard
techniques, such as affinity chromatography or immunoprecipitation. An anti-L.1-CAM
antibody of the present technology can facilitate the purification of natural immunoreactive
L1-CAM proteins from biological samples, e.g., mammalian sera or cells as well as
recombinantly-produced immunoreactive L1-CAM proteins expressed in a host system.
Moreover, anti-L1-CAM antibodies can be used to detect an immunoreactive L1-CAM
protein (e.g., in plasma, a cellular lysate or cell supernatant) in order to evaluate the
abundance and pattern of expression of the immunoreactive polypeptide. The anti-L1-CAM

antibodies of the present technology can be used diagnostically to monitor immunoreactive
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L1-CAM protein levels in tissue as part of a clinical testing procedure, e.g., to determine the
efficacy of a given treatment regimen. As noted above, the detection can be facilitated by
coupling (7.e., physically linking) the anti-L. 1-CAM antibodies of the present technology to a

detectable substance.

[00252]  Detection of L1-CAM protein. An exemplary method for detecting the presence
or absence of an immunoreactive L1-CAM protein in a biological sample involves obtaining
a biological sample from a test subject and contacting the biological sample with an anti-L 1-
CAM antibody of the present technology capable of detecting an immunoreactive L1-CAM
protein such that the presence of an immunoreactive L1-CAM protein is detected in the
biological sample. Detection may be accomplished by means of a detectable label attached to

the antibody.

[00253] The term “labeled” with regard to the anti-L.1-CAM antibody is intended to
encompass direct labeling of the antibody by coupling (7.e., physically linking) a detectable
substance to the antibody, as well as indirect labeling of the antibody by reactivity with
another compound that is directly labeled, such as a secondary antibody. Examples of
indirect labeling include detection of a primary antibody using a fluorescently-labeled
secondary antibody and end-labeling of a DNA probe with biotin such that it can be detected

with fluorescently-labeled streptavidin.

[00254] In some embodiments, the anti-L1-CAM antibodies disclosed herein are
conjugated to one or more detectable Iabels. For such uses, anti-L1-CAM antibodies may be
detectably labeled by covalent or non-covalent attachment of a chromogenic, enzymatic,
radioisotopic, isotopic, Huorescent, toxic, chemiluminescent, nuclear magnetic resonance

contrast agent or other label.

[00255] Examples of suitable chromogenic labels include diaminobenzidine and 4-
hydroxyazo-benzene-2-carboxylic acid. Examples of suitable enzyme labels include malate
dehydrogenase, staphylococcal nuclease, A-5S-steroid isomerase, yeast-alcohol
dehydrogenase, a-glycerol phosphate debydrogenase, triose phosphate isomerase, peroxidase,
alkaline phosphatase, asparaginase, glucose oxidase, B-galactosidase, ribonuclease, urease,

catalase, ghucose-6-phosphate dehydrogenase, glucoamylase, and acetylcholine esterase.
i25 3 3 5 e
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[00256] Examples of suitable radioisotopic labels include "H, *'in, 1

Ste~, 57 58~ ¢ 78 1524 90y G7 o 217 ,~: 211 212, 47 109 FiL .
'Cr, o, *Co, Fe, PSe, P, Y, YCu, 20 P AL 2P, YSe, 'Pd, ere. MIndsan

exemplary 1sotope where in vivo timaging 18 used stoce tts avoids the problem of
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dehalogenation of the T or ""'I-labeled L1-CAM-binding antibodies by the liver. In
addition, this isotope has a more favorable gamma emission energy for imaging (Perkins ef
al, Bur. J. Nucl. Med, 70:296-301 (1985); Carasquillo er al., /. Nucl Med. 25:281-287
(1987)). For example, '''In coupled to monoclonal antibodies with 1-(P-
isothiocyanatobenzy}-DPTA exhibits little uptake in non-tumorous tissues, particularly the
fiver, and enhances specificity of tumor localization (Esteban ef af |,/ Nucl Med. 28:861-870
(1987)). Examples of suitable non-radicactive isotopic labels include V'Gd, “Mn, "Dy,

. _
2Ty, and *Fe.

[00257] Examples of suitable fluorescent labels include an *Eu label, a fluorescein label,
an isothiocyanate label, a rhodamine label, a phycoerythrin label, a phycocyanin label, an
allophycocyanin label, a Green Fluorescent Protein (GFP) label, an o-phthaldehyde label, and
a fluorescamine label. Examples of suitable toxin labels include diphtheria toxin, ricin, and

cholera toxin.

[00258] Examples of chemiluminescent labels include a luminol label, an 1soluminol fabel,
an aromatic acridinium ester label, an imidazole label, an acridinium salt fabel, an oxalate
ester label, a luciferin label, a luciterase label, and an aequorin label. Examples of nuclear

maguetic resonance contrasting agents wnchude heavy metal nuclet such as Gd, Mu, and iron.

[00259] The detection method of the present technology can be used to detect an
immunoreactive L1-CAM protein in a biological sample in vitro as well as in vivo. In vitro
techniques for detection of an immunoreactive L1-CAM protein include enzyme linked
immunosorbent assays (ELISAs), Western blots, immunoprecipitations, radioimmunoassay,
and immunofluorescence. Furthermore, in vivo techniques for detection of an
immunoreactive L1-CAM protein include introducing into a subject a labeled anti-L.1-CAM
antibody. For example, the anti-L.1-CAM antibody can be labeled with a radioactive marker
whose presence and location in a subject can be detected by standard imaging techniques. In
one embodiment, the biological sample contains L1-CAM protein molecules from the test

subject.

[00260] Immunoassay and Imaging. An anti-L1-CAM antibody of the present technology
can be used to assay immunoreactive L1-CAM protein levels in a biological sample (e.g.,
human plasma) using antibody-based techniques. For example, protein expression in tissues
can be studied with classical immunohistological methods. Jalkanen, M. et al., J. Cell. Biol.

101: 976-985, 1985; Jalkanen, M. et al., J. Cell. Biol. 105: 3087-3096, 1987. Other antibody-
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based methods useful for detecting protein gene expression include immunoassays, such as
the enzyme linked immunosorbent assay (ELISA) and the radioimmunoassay (RIA).
Suitable antibody assay labels are known in the art and include enzyme labels, such as,
glucose oxidase, and radioisotopes or other radioactive agent, such as iodine (‘*°I, '*', *')

carbon (**C), sulfur (*°S), tritium ('H), indium (**In), and technetium (*’mTc), and

2

fluorescent labels, such as fluorescein, rhodamine, and green fluorescent protein (GFP), as

well as biotin.

[00261] In addition to assaying immunoreactive L1-CAM protein levels in a biological
sample, anti-L.1-CAM antibodies of the present technology may be used for in vivo imaging
of L1-CAM. Antibodies useful for this method include those detectable by X-radiography,
NMR or ESR. For X-radiography, suitable labels include radioisotopes such as barium or
cesium, which emit detectable radiation but are not overtly harmful to the subject. Suitable
markers for NMR and ESR include those with a detectable characteristic spin, such as
deuterium, which can be incorporated into the anti-L1-CAM antibodies by labeling of
nutrients for the relevant scFv clone.

[00262] An anti-L.1-CAM antibody which has been labeled with an appropriate detectable
imaging moiety, such as a radioisotope (e.g., ', "*In, “mTc), a radio-opaque substance, or
a material detectable by nuclear magnetic resonance, is introduced (e.g., parenterally,
subcutaneously, or intraperitoneally) into the subject. It will be understood in the art that the
size of the subject and the imaging system used will determine the quantity of imaging
moiety needed to produce diagnostic images. In the case of a radioisotope moiety, for a
human subject, the quantity of radioactivity injected will normally range from about 5 to 20
millicuries of mTc. The labeled anti-L1-CAM antibody will then accumulate at the location
of cells which contain the specific target polypeptide. For example, labeled anti-L1-CAM
antibodies of the present technology will accumulate within the subject in cells and tissues in

which the L1-CAM protein has localized.

[00263] Thus, the present technology provides a diagnostic method of a medical condition,
which involves: (a) assaying the expression of immunoreactive L1-CAM protein by
measuring binding of an anti-L1-CAM antibody of the present technology in cells or body
fluid of an individual; (b) comparing the amount of immunoreactive L1-CAM protein present
in the sample with a standard reference, wherein an increase or decrease in immunoreactive

L1-CAM protein levels compared to the standard is indicative of a medical condition.
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[00264]  Affinity Purification. The anti-L1-CAM antibodies of the present technology may
be used to purify immunoreactive L1-CAM protein from a sample. In some embodiments,
the antibodies are immobilized on a solid support. Examples of such solid supports include
plastics such as polycarbonate, complex carbohydrates such as agarose and sepharose, acrylic
resins and such as polyacrylamide and latex beads. Techniques for coupling antibodies to
such solid supports are well known in the art (Weir et al., “Handbook of Experimental
Immunology” 4th Ed., Blackwell Scientific Publications, Oxford, England, Chapter 10
(1986), Jacoby et al., Meth. Enzym. 34 Academic Press, N.Y. (1974)).

[00265] The simplest method to bind the antigen to the antibody-support matrix is to
collect the beads in a column and pass the antigen solution down the column. The efficiency
of this method depends on the contact time between the immobilized antibody and the
antigen, which can be extended by using low flow rates. The immobilized antibody captures
the antigen as it flows past. Alternatively, an antigen can be contacted with the antibody-
support matrix by mixing the antigen solution with the support (e.g., beads) and rotating or
rocking the slurry, allowing maximum contact between the antigen and the immobilized
antibody. After the binding reaction has been completed, the slurry is passed into a column
for collection of the beads. The beads are washed using a suitable washing buffer and then

the pure or substantially pure antigen is eluted.

[00266] An antibody or polypeptide of interest can be conjugated to a solid support, such
as a bead. In addition, a first solid support such as a bead can also be conjugated, if desired,
to a second solid support, which can be a second bead or other support, by any suitable
means, including those disclosed herein for conjugation of a polypeptide to a support.
Accordingly, any of the conjugation methods and means disclosed herein with reference to
conjugation of a polypeptide to a solid support can also be applied for conjugation of a first
support to a second support, where the first and second solid support can be the same or

different.

[00267] Appropriate linkers, which can be cross-linking agents, for use for conjugating a
polypeptide to a solid support include a variety of agents that can react with a functional
group present on a surface of the support, or with the polypeptide, or both. Reagents useful
as cross-linking agents include homo-bi-functional and, in particular, hetero-bi-functional
reagents. Useful bi-functional cross-linking agents include, but are not limited to, N-SIAB,
dimaleimide, DTNB, N-SATA, N-SPDP, SMCC and 6-HYNIC. A cross-linking agent can

be selected to provide a selectively cleavable bond between a polypeptide and the solid
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support. For example, a photolabile cross-linker, such as 3-amino-(2-nitrophenyl)propionic
acid can be employed as a means for cleaving a polypeptide from a solid support. (Brown et
al., Mol. Divers, pp, 4-12 (1995); Rothschild ez al., Nucl. Acids Res., 24:351-66 (1996); and
US. Pat. No. 5,643,722). Other cross-linking reagents are well-known in the art. (See, e.g.,
Wong (1991), supra; and Hermanson (1996), supra).

[00268] An antibody or polypeptide can be immobilized on a solid support, such as a bead,
through a covalent amide bond formed between a carboxyl group functionalized bead and the
amino terminus of the polypeptide or, conversely, through a covalent amide bond formed
between an amino group functionalized bead and the carboxyl terminus of the polypeptide.
In addition, a bi-functional trityl linker can be attached to the support, e.g., to the 4-
nitrophenyl active ester on a resin, such as a Wang resin, through an amino group or a
carboxyl group on the resin via an amino resin. Using a bi-functional trityl approach, the
solid support can require treatment with a volatile acid, such as formic acid or trifluoroacetic
acid to ensure that the polypeptide is cleaved and can be removed. In such a case, the
polypeptide can be deposited as a beadless patch at the bottom of a well of a solid support or
on the flat surface of a solid support. After addition of a matrix solution, the polypeptide can

be desorbed into a MS.

[00269] Hydrophobic trityl linkers can also be exploited as acid-labile linkers by using a
volatile acid or an appropriate matrix solution, e.g., a matrix solution containing 3-HPA, to
cleave an amino linked trityl group from the polypeptide. Acid lability can also be changed.
For example, trityl, monomethoxytrityl, dimethoxytrityl or trimethoxytrityl can be changed to
the appropriate p-substituted, or more acid-labile tritylamine derivatives, of the polypeptide,
i.e., trityl ether and tritylamine bonds can be made to the polypeptide. Accordingly, a
polypeptide can be removed from a hydrophobic linker, e.g., by disrupting the hydrophobic
attraction or by cleaving tritylether or tritylamine bonds under acidic conditions, including, if

desired, under typical MS conditions, where a matrix, such as 3-HPA acts as an acid.

[00270] Orthogonally cleavable linkers can also be useful for binding a first solid support,
e.g., a bead to a second solid support, or for binding a polypeptide of interest to a solid
support. Using such linkers, a first solid support, e.g., a bead, can be selectively cleaved from
a second solid support, without cleaving the polypeptide from the support; the polypeptide
then can be cleaved from the bead at a later time. For example, a disulfide linker, which can
be cleaved using a reducing agent, such as DTT, can be employed to bind a bead to a second

solid support, and an acid cleavable bi-functional trityl group could be used to immobilize a
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polypeptide to the support. As desired, the linkage of the polypeptide to the solid support can
be cleaved first, e.g., leaving the linkage between the first and second support intact. Trityl
linkers can provide a covalent or hydrophobic conjugation and, regardless of the nature of the

conjugation, the trityl group is readily cleaved in acidic conditions.

[00271] For example, a bead can be bound to a second support through a linking group
which can be selected to have a length and a chemical nature such that high density binding
of the beads to the solid support, or high density binding of the polypeptides to the beads, is
promoted. Such a linking group can have, e.g., “tree-like” structure, thereby providing a
multiplicity of functional groups per attachment site on a solid support. Examples of such
linking group; include polylysine, polyglutamic acid, penta-erythrole and #ris-hydroxy-

aminomethane.

[00272]  Noncovalent Binding Association. An antibody or polypeptide can be conjugated
to a solid support, or a first solid support can also be conjugated to a second solid support,
through a noncovalent interaction. For example, a magnetic bead made of a ferromagnetic
material, which is capable of being magnetized, can be attracted to a magnetic solid support,
and can be released from the support by removal of the magnetic field. Alternatively, the
solid support can be provided with an ionic or hydrophobic moiety, which can allow the
interaction of an ionic or hydrophobic moiety, respectively, with a polypeptide, e.g., a
polypeptide containing an attached trityl group or with a second solid support having

hydrophobic character.

[00273] A solid support can also be provided with a member of a specific binding pair and,
therefore, can be conjugated to a polypeptide or a second solid support containing a
complementary binding moiety. For example, a bead coated with avidin or with streptavidin
can be bound to a polypeptide having a biotin moiety incorporated therein, or to a second

solid support coated with biotin or derivative of biotin, such as iminobiotin.

[00274] It should be recognized that any of the binding members disclosed herein or
otherwise known in the art can be reversed. Thus, biotin, e.g., can be incorporated into either
a polypeptide or a solid support and, conversely, avidin or other biotin binding moiety would
be incorporated into the support or the polypeptide, respectively. Other specific binding pairs
contemplated for use herein include, but are not limited to, hormones and their receptors,

enzyme, and their substrates, a nucleotide sequence and its complementary sequence, an
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antibody and the antigen to which it interacts specifically, and other such pairs knows to

those skilled in the art.

A. Diagnostic Uses of Anti-L 1-CAM Antibodies of the Present Technology
[00275] General. The anti-L1-CAM antibodies of the present technology are useful in

diagnostic methods. As such, the present technology provides methods using the antibodies
in the diagnosis of L1-CAM activity in a subject. Anti-L1-CAM antibodies of the present
technology may be selected such that they have any level of epitope binding specificity and
very high binding affinity to a L1-CAM protein. In general, the higher the binding affinity of
an antibody the more stringent wash conditions can be performed in an immunoassay to
remove nonspecifically bound material without removing target polypeptide. Accordingly,
anti-L1-CAM antibodies of the present technology useful in diagnostic assays usually have
binding affinities of about 10°* M™, 10° M™, 10" M, 10" M or 10" M™". Further, it is
desirable that anti-L1-CAM antibodies used as diagnostic reagents have a sufficient kinetic
on-rate to reach equilibrium under standard conditions in at least 12 h, at least five (5) h, or at

least one (1) hour.

[00276] Anti-L1-CAM antibodies can be used to detect an immunoreactive L1-CAM
protein in a variety of standard assay formats. Such formats include immunoprecipitation,
Western blotting, ELISA, radioimmunoassay, and immunometric assays. See Harlow &
Lane, Antibodies, A Laboratory Manual (Cold Spring Harbor Publications, New York, 1988);
U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752 3,879,262; 4,034,074, 3,791,932; 3,817,837;
3,839,153: 3,850,752; 3,850,578; 3,853,987: 3,867,517: 3,879,262: 3,901,654: 3,935,074
3,984,533; 3,996,345, 4,034,074; and 4,098,876. Biological samples can be obtained from
any tissue or body fluid of a subject. In certain embodiments, the subject is at an early stage
of cancer. In one embodiment, the early stage of cancer is determined by the level or
expression pattern of L1-CAM protein in a sample obtained from the subject. In certain
embodiments, the sample is selected from the group consisting of urine, blood, serum,

plasma, saliva, amniotic fluid, cerebrospinal fluid (CSF), and biopsied body tissue.

[00277] Immunometric or sandwich assays are one format for the diagnostic methods of
the present technology. See U.S. Pat. No. 4,376,110, 4,486,530, 5,914,241, and 5,965,375.
Such assays use one antibody, e.g., an anti-L 1-CAM antibody or a population of anti-L1-
CAM antibodies immobilized to a solid phase, and another anti-L 1-CAM antibody or a
population of anti-L 1-CAM antibodies in solution. Typically, the solution anti-L.1-CAM
antibody or population of anti-L1-CAM antibodies is labeled. If an antibody population is
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used, the population can contain antibodies binding to different epitope specificities within
the target polypeptide. Accordingly, the same population can be used for both solid phase
and solution antibody. If anti-L.1-CAM monoclonal antibodies are used, first and second L 1-
CAM monoclonal antibodies having different binding specificities are used for the solid and
solution phase. Solid phase (also referred to as “capture”) and solution (also referred to as
“detection”) antibodies can be contacted with target antigen in either order or simultaneously.
If the solid phase antibody is contacted first, the assay is referred to as being a forward assay.
Conversely, if the solution antibody is contacted first, the assay is referred to as being a
reverse assay. If the target is contacted with both antibodies simultaneously, the assay is
referred to as a simultaneous assay. After contacting the L1-CAM protein with the anti-L1-
CAM antibody, a sample is incubated for a period that usually varies from about 10 min to
about 24 hr and is usually about 1 hr. A wash step is then performed to remove components
of the sample not specifically bound to the anti-L1-CAM antibody being used as a diagnostic
reagent. When solid phase and solution antibodies are bound in separate steps, a wash can be
performed after either or both binding steps. After washing, binding is quantified, typically
by detecting a label linked to the solid phase through binding of labeled solution antibody.
Usually for a given pair of antibodies or populations of antibodies and given reaction
conditions, a calibration curve is prepared from samples containing known concentrations of
target antigen. Concentrations of the immunoreactive L1-CAM protein in samples being
tested are then read by interpolation from the calibration curve (i.e., standard curve). Analyte
can be measured either from the amount of labeled solution antibody bound at equilibrium or
by kinetic measurements of bound labeled solution antibody at a series of time points before
equilibrium is reached. The slope of such a curve is a measure of the concentration of the

L1-CAM protein in a sample.

[00278]  Suitable supports for use in the above methods include, e.g., nitrocellulose
membranes, nylon membranes, and derivatized nylon membranes, and also particles, such as
agarose, a dextran-based gel, dipsticks, particulates, microspheres, magnetic particles, test
tubes, microtiter wells, SEPHADEX™ (Amersham Pharmacia Biotech, Piscataway N.J.), and
the like. Immobilization can be by absorption or by covalent attachment. Optionally, anti-
L1-CAM antibodies can be joined to a linker molecule, such as biotin for attachment to a

surface bound linker, such as avidin.

[00279] In some embodiments, the present disclosure provides an anti-L1-CAM antibody

of the present technology conjugated to a diagnostic agent. The diagnostic agent may

81



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645

comprise a radioactive or non-radioactive label, a contrast agent (such as for magnetic
resonance imaging, computed tomography or ultrasound), and the radioactive label can be a
gamma-, beta-, alpha-, Auger electron-, or positron-emitting isotope. A diagnostic agent is a
molecule which is administered conjugated to an antibody moiety, i.e., antibody or antibody
fragment, or subfragment, and is useful in diagnosing or detecting a disease by locating the

cells containing the antigen.

[00280] Useful diagnostic agents include, but are not limited to, radioisotopes, dyes (such
as with the biotin-streptavidin complex), contrast agents, fluorescent compounds or
molecules and enhancing agents (e.g., paramagnetic ions) for magnetic resonance imaging
(MRI). U.S. Pat. No. 6,331,175 describes MRI technique and the preparation of antibodies
conjugated to a MRI enhancing agent and is incorporated in its entirety by reference. In
some embodiments, the diagnostic agents are selected from the group consisting of
radioisotopes, enhancing agents for use in magnetic resonance imaging, and fluorescent
compounds. In order to load an antibody component with radioactive metals or paramagnetic
ions, it may be necessary to react it with a reagent having a long tail to which are attached a
multiplicity of chelating groups for binding the ions. Such a tail can be a polymer such as a
polylysine, polysaccharide, or other derivatized or derivatizable chain having pendant groups
to which can be bound chelating groups such as, e.g., ethylenediaminetetraacetic acid
(EDTA), diethylenetriaminepentaacetic acid (DTPA), porphyrins, polyamines, crown ethers,
bis-thiosemicarbazones, polyoximes, and like groups known to be useful for this purpose.
Chelates may be coupled to the antibodies of the present technology using standard
chemistries. The chelate is normally linked to the antibody by a group which enables
formation of a bond to the molecule with minimal loss of immunoreactivity and minimal
aggregation and/or internal cross-linking. Other methods and reagents for conjugating
chelates to antibodies are disclosed in U.S. Pat. No. 4,824,659. Particularly useful metal-
chelate combinations include 2-benzyl-DTPA and its monomethyl and cyclohexyl analogs,
used with diagnostic isotopes for radio-imaging. The same chelates, when complexed with
non-radioactive metals, such as manganese, iron and gadolinium are useful for MRI, when
used along with the L1-CAM antibodies of the present technology. Macrocyclic chelates
such as NOTA (1,4,7-triaza-cyclononane-N,N',N"-triacetic acid), DOTA, and TETA (p-
bromoacetamido-benzyl-tetracthylaminetetraacetic acid) are of use with a variety of metals
and radiometals, such as radionuclides of gallium, yttrium and copper, respectively. Such

metal-chelate complexes can be stabilized by tailoring the ring size to the metal of interest.
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Examples of other DOTA chelates include (1) DOTA-Phe-Lys(HSG)-D-Tyr-Lys(HSG)-NH;;
(11) Ac-Lys(HSG)D-Tyr-Lys(HSG)-Lys(Tscg-Cys)-NH,; (iii) DOTA-D-Asp-D-Lys(HSG)-D-
Asp-D-Lys(HSG)-NHj; (iv) DOTA-D-Glu-D-Lys(HSG)-D-Glu-D-Lys(HSG)-NH;;

(v) DOTA-D-Tyr-D-Lys(HSG)-D-Glu-D-Lys(HSG)-NH,; (vi) DOTA-D-Ala-D-Lys(HSG)-
D-Glu-D-Lys(HSG)-NH;; (vii) DOTA-D-Phe-D-Lys(HSG)-D-Tyr-D-Lys(HSG)-NH,; (viii)
Ac-D-Phe-D-Lys(DOTA)-D-Tyr-D-Lys(DOTA)-NHj; (ix) Ac-D-Phe-D-Lys(DTPA)-D-Tyr-
D-Lys(DTPA)-NH;; (x) Ac-D-Phe-D-Lys(Bz-DTPA)-D-Tyr-D-Lys(Bz-DTPA)-NH,; (xi)
Ac-D-Lys(HSG)-D-Tyr-D-Lys(HSG)-D-Lys(Tscg-Cys)-NH,; (xii) DOTA-D-Phe-D-
Lys(HSG)-D-Tyr-D-Lys(HSG)-D-Lys(Tscg-Cys)-NH,; (xiii) (Tscg-Cys)-D-Phe-D-
Lys(HSG)-D-Tyr-D-Lys(HSG)-D-Lys(DOTA)-NH;; (xiv) Tscg-D-Cys-D-Glu-D-Lys(HSG)-
D-Glu-D-Lys(HSG)-NH;; (xv) (Tscg-Cys)-D-Glu-D-Lys(HSG)-D-Glu-D-Lys(HSG)-NH;;
(xvi) Ac-D-Cys-D-Lys(DOTA)-D-Tyr-D-Ala-D-Lys(DOTA)-D-Cys-NH,; (xvii) Ac-D-Cys-
D-Lys(DTPA)-D-Tyr-D-Lys(DTPA)-NH,; (xviii) Ac-D-Lys(DTPA)-D-Tyr-D-Lys(DTPA)-
D-Lys(Tscg-Cys)-NH»; and (xix) Ac-D-Lys(DOTA)-D-Tyr-D-Lys(DOTA)-D-Lys(Tscg-
Cys)-NH,.

[00281] Other ring-type chelates such as macrocyclic polyethers, which are of interest for

223

stably binding nuclides, such as “~"Ra for RAIT are also contemplated.

B. Therapeutic Use of Anti-L1-CAM Antibodies of the Present Technology

[00282] The immunoglobulin-related compositions (e.g., antibodies or antigen binding
fragments thereof) of the present technology are useful for the treatment of L1-CAM
associated cancers. Such treatment can be used in patients identified as having pathologically
high levels of the L1-CAM (e.g., those diagnosed by the methods described herein) or in
patients diagnosed with a disease known to be associated with such pathological levels. In
one aspect, the present disclosure provides a method for treating a L1-CAM associated cancer
in a subject in need thereof, comprising administering to the subject an effective amount of an
antibody (or antigen binding fragment thereof) of the present technology. Examples of
cancers that can be treated by the antibodies of the present technology include, but are not
limited to: leukemia, Ewing’s sarcoma, neuroblastoma, osteosarcoma, glioblastoma
multiforme, ovarian cancer, endometrial cancer, uterine cancer, triple negative breast cancer,
melanoma, clear cell renal cell cancer, pheochromacytoma and paraganglioma,
mesothelioma, small cell lung cancer (SCLC), non- small cell lung cancer, NSCLC,
pancreatic ductal cancer, colon cancer, pancreatic cancer, hepatocellular carcinoma, gastric

cancer, cholangiocarcinoma, carcinoid, neuroendocrine tumors, gastrointestinal stromal
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tumor (GIST), pheochromocytoma, glioma, pancreatic neuroectodermal cancer, pancreatic
adenocarcinoma, colorectal cancer, renal cell carcinoma, tumor blood vessels,
chondrosarcoma, esophageal adenocarcinoma, oligodendroglioma, astrocytoma,
ependymoma, pancreatic neuroendocrine carcinoma, adrenal adenoma, leiomyosarcoma,
liposarcoma, granular cell tumor of the ovary, schwannoma, primitive neuroectodermal
tumor (PNET), epitheliod sarcoma, esthesioneuroblastoma, medulloblastoma, capillary
hemangioma, Kaposi sarcoma, rhabdomyosarcoma, submaxillary salivary gland cancer, and

head and neck squamous cell carcinoma.

[00283] The compositions of the present technology may be employed in conjunction with
other therapeutic agents useful in the treatment of L1-CAM associated cancers. For example,
the antibodies of the present technology may be separately, sequentially or simultaneously
administered with at least one additional therapeutic agent-selected from the group consisting
of alkylating agents, platinum agents, taxanes, vinca agents, anti-estrogen drugs, aromatase
inhibitors, ovarian suppression agents, VEGF/VEGFR inhibitors, EGF/EGFR inhibitors,
PARP inhibitors, cytostatic alkaloids, cytotoxic antibiotics, antimetabolites,
endocrine/hormonal agents, bisphosphonate therapy agents and targeted biological therapy
agents (e.g., therapeutic peptides described in US 6306832, WO 2012007137, WO
2005000889, WO 2010096603 efc.). In some embodiments, the at least one additional
therapeutic agent is a chemotherapeutic agent. Specific chemotherapeutic agents include, but
are not limited to, cyclophosphamide, fluorouracil (or 5-fluorouracil or 5-FU), methotrexate,
edatrexate (10-ethyl-10-deaza-aminopterin), thiotepa, carboplatin, cisplatin, taxanes,
paclitaxel, protein-bound paclitaxel, docetaxel, vinorelbine, tamoxifen, raloxifene,
toremifene, fulvestrant, gemcitabine, irinotecan, ixabepilone, temozolmide, topotecan,
vincristine, vinblastine, eribulin, mutamycin, capecitabine, anastrozole, exemestane,
letrozole, leuprolide, abarelix, buserlin, goserelin, megestrol acetate, risedronate,
pamidronate, ibandronate, alendronate, denosumab, zoledronate, trastuzumab, tykerb,
anthracyclines (e.g., daunorubicin and doxorubicin), bevacizumab, oxaliplatin, melphalan,
etoposide, mechlorethamine, bleomycin, microtubule poisons, annonaceous acetogenins, or

combinations thereof.

[00284] The compositions of the present technology may optionally be administered as a
single bolus to a subject in need thereof. Alternatively, the dosing regimen may comprise

multiple administrations performed at various times after the appearance of tumors.
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[00285] Administration can be carried out by any suitable route, including orally,
intranasally, parenterally (intravenously, intramuscularly, intraperitoneally, or
subcutaneously), rectally, intracranially, intrathecally, or topically. Administration includes
self~administration and the administration by another. It is also to be appreciated that the
various modes of treatment of medical conditions as described are intended to mean
“substantial”, which includes total but also less than total treatment, and wherein some

biologically or medically relevant result is achieved.

[00286] In some embodiments, the antibodies of the present technology comprise
pharmaceutical formulations which may be administered to subjects in need thereof in one or
more doses. Dosage regimens can be adjusted to provide the desired response (e.g., a

therapeutic response).

[00287] Typically, an effective amount of the antibody compositions of the present
technology, sufficient for achieving a therapeutic effect, range from about 0.000001 mg per
kilogram body weight per day to about 10,000 mg per kilogram body weight per day.
Typically, the dosage ranges are from about 0.0001 mg per kilogram body weight per day to
about 100 mg per kilogram body weight per day. For administration of anti-L1-CAM
antibodies, the dosage ranges from about 0.0001 to 100 mg/kg, and more usually 0.01 to 5
mg/kg every week, every two weeks or every three weeks, of the subject body weight. For
example, dosages can be 1 mg/kg body weight or 10 mg/kg body weight every week, every
two weeks or every three weeks or within the range of 1-10 mg/kg every week, every two
weeks or every three weeks. In one embodiment, a single dosage of antibody ranges from
0.1-10,000 micrograms per kg body weight. In one embodiment, antibody concentrations in
a carrier range from 0.2 to 2000 micrograms per delivered milliliter. An exemplary treatment
regime entails administration once per every two weeks or once a month or once every 3 to 6
months. Anti-L1-CAM antibodies may be administered on multiple occasions. Intervals
between single dosages can be hourly, daily, weekly, monthly or yearly. Intervals can also be
irregular as indicated by measuring blood levels of the antibody in the subject. In some
methods, dosage is adjusted to achieve a serum antibody concentration in the subject of from
about 75 pg/mL to about 125 pg/mL, 100 pg/mL to about 150 pg/mL, from about 125 pg/mL
to about 175 ug/mL, or from about 150 pug/mL to about 200 ug/mL.. Alternatively, anti-L1-
CAM antibodies can be administered as a sustained release formulation, in which case less
frequent administration is required. Dosage and frequency vary depending on the half-life of

the antibody in the subject. The dosage and frequency of administration can vary depending
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on whether the treatment is prophylactic or therapeutic. In prophylactic applications, a
relatively low dosage is administered at relatively infrequent intervals over a long period of
time. In therapeutic applications, a relatively high dosage at relatively short intervals is
sometimes required until progression of the disease is reduced or terminated, or until the
subject shows partial or complete amelioration of symptoms of disease. Thereafter, the

patient can be administered a prophylactic regime.

[00288] In another aspect, the present disclosure provides a method for detecting a tumor
in a subject in vivo comprising (a) administering to the subject an effective amount of an
antibody (or antigen binding fragment thereof) of the present technology, wherein the
antibody is configured to localize to a tumor expressing L1-CAM and is labeled with a
radioisotope; and (b) detecting the presence of a tumor in the subject by detecting radioactive
levels emitted by the antibody that are higher than a reference value. In some embodiments,
the reference value is expressed as injected dose per gram (%ID/g). The reference value may
be calculated by measuring the radioactive levels present in non-tumor (normal) tissues, and
computing the average radioactive levels present in non-tumor (normal) tissues + standard
deviation. In some embodiments, the ratio of radioactive levels between a tumor and normal
tissue is about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 15:1, 20:1, 25:1, 30:1, 35:1, 40:1,
45:1,50:1,55:1, 60:1, 65:1, 70:1, 75:1, 80:1, 85:1, 90:1, 95:1 or 100:1.

[00289] In some embodiments, the subject is diagnosed with or is suspected of having
cancer. Radioactive levels emitted by the antibody may be detected using positron emission
tomography or single photon emission computed tomography.

[00290] Additionally or alternatively, in some embodiments, the method further comprises
administering to the subject an effective amount of an immunoconjugate comprising an
antibody of the present technology conjugated to a radionuclide. In some embodiments, the
radionuclide is an alpha particle-emitting isotope, a beta particle-emitting isotope, an Auger-
emitter, or any combination thereof. Examples of beta particle-emitting isotopes include *Y,
Ny ¥gr, 109 Dy, 186Re, Re, "Ly, and “’Cu. Examples of alpha particle-emitting isotopes
include 213Bi, ZHAt, 225Ac, ISZDy, 212Bi, 223Ra, 219Rn, 215Po, ZHBi, 221Fr, 217At, and 25Fm.
Examples of Auger-emitters include '''In, ’Ga, *'Cr, **Co, *™Tc, '*"Rh, *>"Pt, '*’Sb,
S, 1¥m0g, 11, 2°1T1, and 2°°Pb. In some embodiments of the method, nonspecific FcR-
dependent binding in normal tissues is eliminated or reduced (e.g., via N297A mutation in Fc
region, which results in aglycosylation). The therapeutic effectiveness of such an

immunoconjugate may be determined by computing the area under the curve (AUC) tumor:

86



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645

AUC normal tissue ratio. In some embodiments, the immunoconjugate has a AUC tumor:
AUC normal tissue ratio of about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 15:1, 20:1, 25:1,
30:1,35:1, 40:1, 45:1, 50:1, 55:1, 60:1, 65:1, 70:1, 75:1, 80:1, 85:1, 90:1, 95:1 or 100:1.
[00291] Toxicity. Optimally, an effective amount (e.g., dose) of anti-L1-CAM antibody
described herein will provide therapeutic benefit without causing substantial toxicity to the
subject. Toxicity of the anti-L1-CAM antibody described herein can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., by
determining the LDs, (the dose lethal to 50% of the population) or the LD, (the dose lethal
to 100% of the population). The dose ratio between toxic and therapeutic effect is the
therapeutic index. The data obtained from these cell culture assays and animal studies can be
used in formulating a dosage range that is not toxic for use in human. The dosage of the anti-
L1-CAM antibody described herein lies within a range of circulating concentrations that
include the effective dose with little or no toxicity. The dosage can vary within this range
depending upon the dosage form employed and the route of administration utilized. The
exact formulation, route of administration and dosage can be chosen by the individual
physician in view of the subject’s condition. See, e.g., Fingl et al., In: The Pharmacological

Basis of Therapeutics, Ch. 1 (1975).

[00292] Formulations of Pharmaceutical Compositions. According to the methods of the
present technology, the anti-L1-CAM antibody can be incorporated into pharmaceutical
compositions suitable for administration. The pharmaceutical compositions generally
comprise recombinant or substantially purified antibody and a pharmaceutically-acceptable
carrier in a form suitable for administration to a subject. Pharmaceutically-acceptable
carriers are determined in part by the particular composition being administered, as well as by
the particular method used to administer the composition. Accordingly, there is a wide
variety of suitable formulations of pharmaceutical compositions for administering the
antibody compositions (See, e.g., Remington’s Pharmaceutical Sciences, Mack Publishing
Co., Easton, PA 18" ed., 1990). The pharmaceutical compositions are generally formulated
as sterile, substantially isotonic and in full compliance with all Good Manufacturing Practice

(GMP) regulations of the U.S. Food and Drug Administration.

29 CC

[00293] The terms “pharmaceutically-acceptable,” “physiologically-tolerable,” and
grammatical variations thereof, as they refer to compositions, carriers, diluents and reagents,
are used interchangeably and represent that the materials are capable of administration to or

upon a subject without the production of undesirable physiological effects to a degree that
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would prohibit administration of the composition. For example, “pharmaceutically-
acceptable excipient” means an excipient that is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic, and desirable, and includes excipients that are
acceptable for veterinary use as well as for human pharmaceutical use. Such excipients can
be solid, liquid, semisolid, or, in the case of an aerosol composition, gaseous.
“Pharmaceutically-acceptable salts and esters” means salts and esters that are
pharmaceutically-acceptable and have the desired pharmacological properties. Such salts
include salts that can be formed where acidic protons present in the composition are capable
of reacting with inorganic or organic bases. Suitable inorganic salts include those formed
with the alkali metals, e.g., sodium and potassium, magnesium, calcium, and aluminum.
Suitable organic salts include those formed with organic bases such as the amine bases, e.g.,
ethanolamine, diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and the
like. Such salts also include acid addition salts formed with inorganic acids (e.g.,
hydrochloric and hydrobromic acids) and organic acids (e.g., acetic acid, citric acid, maleic
acid, and the alkane- and arene-sulfonic acids such as methanesulfonic acid and
benzenesulfonic acid). Pharmaceutically-acceptable esters include esters formed from
carboxy, sulfonyloxy, and phosphonoxy groups present in the anti-L1-CAM antibody, e.g.,
C1- alkyl esters. When there are two acidic groups present, a pharmaceutically-acceptable
salt or ester can be a mono-acid-mono-salt or ester or a di-salt or ester; and similarly where
there are more than two acidic groups present, some or all of such groups can be salified or
esterified. An anti-L1-CAM antibody named in this technology can be present in unsalified
or unesterified form, or in salified and/or esterified form, and the naming of such anti-L1-
CAM antibody is intended to include both the original (unsalified and unesterified)
compound and its pharmaceutically-acceptable salts and esters. Also, certain embodiments
of the present technology can be present in more than one stereoisomeric form, and the
naming of such anti-L.1-CAM antibody is intended to include all single stereoisomers and all
mixtures (whether racemic or otherwise) of such stereoisomers. A person of ordinary skill in
the art, would have no difficulty determining the appropriate timing, sequence and dosages of

administration for particular drugs and compositions of the present technology.

[00294] Examples of such carriers or diluents include, but are not limited to, water, saline,
Ringer's solutions, dextrose solution, and 5% human serum albumin. Liposomes and non-
aqueous vehicles such as fixed oils may also be used. The use of such media and compounds

for pharmaceutically active substances is well known in the art. Except insofar as any
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conventional media or compound is incompatible with the anti-L.1-CAM antibody, use
thereof in the compositions is contemplated. Supplementary active compounds can also be

incorporated into the compositions.

[00295] A pharmaceutical composition of the present technology is formulated to be
compatible with its intended route of administration. The anti-L1-CAM antibody
compositions of the present technology can be administered by parenteral, topical,
intravenous, oral, subcutaneous, intraarterial, intradermal, transdermal, rectal, intracranial,
intrathecal, intraperitoneal, intranasal; or intramuscular routes, or as inhalants. The anti-L1-
CAM antibody can optionally be administered in combination with other agents that are at

least partly effective in treating various L1-CAM associated cancers.

[00296] Solutions or suspensions used for parenteral, intradermal, or subcutaneous
application can include the following components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or
other synthetic solvents; antibacterial compounds such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium bisulfite; chelating compounds such as
ethylenediaminetetraacetic acid (EDTA);, buffers such as acetates, citrates or phosphates, and
compounds for the adjustment of tonicity such as sodium chloride or dextrose. The pH can
be adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose

vials made of glass or plastic.

[00297] Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For intravenous administration,
suitable carriers include physiological saline, bacteriostatic water, Cremophor EL™ (BASF,
Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases, the composition must be
sterile and should be fluid to the extent that easy syringeability exists. It must be stable under
the conditions of manufacture and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, e.g., water, ethanol, polyol (e.g., glycerol, propylene glycol,
and liquid polyethylene glycol, and the like), and suitable mixtures thereof. The proper
fluidity can be maintained, e.g., by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants. Prevention

of the action of microorganisms can be achieved by various antibacterial and antifungal
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compounds, e.g., parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like.
In many cases, it will be desirable to include isotonic compounds, e.g., sugars, polyalcohols
such as manitol, sorbitol, sodium chloride in the composition. Prolonged absorption of the
injectable compositions can be brought about by including in the composition a compound

which delays absorption, e.g., aluminum monostearate and gelatin.

[00298] Sterile injectable solutions can be prepared by incorporating an anti-L.1-CAM
antibody of the present technology in the required amount in an appropriate solvent with one
or a combination of ingredients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating the anti-L.1-CAM antibody
into a sterile vehicle that contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of sterile powders for the preparation
of sterile injectable solutions, methods of preparation are vacuum drying and freeze-drying
that yields a powder of the active ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof. The antibodies of the present technology can be
administered in the form of a depot injection or implant preparation which can be formulated

in such a manner as to permit a sustained or pulsatile release of the active ingredient.

[00299] Oral compositions generally include an inert diluent or an edible carrier. They can
be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the anti-L.1-CAM antibody can be incorporated with excipients
and used in the form of tablets, troches, or capsules. Oral compositions can also be prepared
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is
applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding compounds, and/or adjuvant materials can be included as part of the composition.
The tablets, pills, capsules, troches and the like can contain any of the following ingredients,
or compounds of a similar nature: a binder such as microcrystalline cellulose, gum tragacanth
or gelatin; an excipient such as starch or lactose, a disintegrating compound such as alginic
acid, Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant
such as colloidal silicon dioxide; a sweetening compound such as sucrose or saccharin; or a

flavoring compound such as peppermint, methyl salicylate, or orange flavoring.

[00300] For administration by inhalation, the anti-L.1-CAM antibody is delivered in the
form of an aerosol spray from pressured container or dispenser which contains a suitable

propellant, e.g., a gas such as carbon dioxide, or a nebulizer.
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[00301] Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art, and
include, e.g., for transmucosal administration, detergents, bile salts, and fusidic acid
derivatives. Transmucosal administration can be accomplished through the use of nasal
sprays or suppositories. For transdermal administration, the anti-L1-CAM antibody is

formulated into ointments, salves, gels, or creams as generally known in the art.

[00302] The anti-L1-CAM antibody can also be prepared as pharmaceutical compositions
in the form of suppositories (e.g., with conventional suppository bases such as cocoa butter

and other glycerides) or retention enemas for rectal delivery.

[00303] In one embodiment, the anti-L.1-CAM antibody is prepared with carriers that will
protect the anti-L1-CAM antibody against rapid elimination from the body, such as a
controlled release formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods
for preparation of such formulations will be apparent to those skilled in the art. The materials
can also be obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc.
Liposomal suspensions (including liposomes targeted to infected cells with monoclonal
antibodies to viral antigens) can also be used as pharmaceutically-acceptable carriers. These
can be prepared according to methods known to those skilled in the art, e.g., as described in

U.S. Pat. No. 4,522,811

C. Kits

[00304] The present technology provides kits for the detection and/or treatment of L 1-
CAM associated cancers, comprising at least one immunoglobulin-related composition of the
present technology (e.g., any antibody or antigen binding fragment described herein), or a
functional variant (e.g., substitutional variant) thereof. Optionally, the above described
components of the kits of the present technology are packed in suitable containers and labeled
for diagnosis and/or treatment of L1-CAM associated cancers. The above-mentioned
components may be stored in unit or multi-dose containers, for example, sealed ampoules,
vials, bottles, syringes, and test tubes, as an aqueous, preferably sterile, solution or as a
lyophilized, preferably sterile, formulation for reconstitution. The kit may further comprise a
second container which holds a diluent suitable for diluting the pharmaceutical composition

towards a higher volume. Suitable diluents include, but are not limited to, the
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pharmaceutically acceptable excipient of the pharmaceutical composition and a saline
solution. Furthermore, the kit may comprise instructions for diluting the pharmaceutical
composition and/or instructions for administering the pharmaceutical composition, whether
diluted or not. The containers may be formed from a variety of materials such as glass or
plastic and may have a sterile access port (for example, the container may be an intravenous
solution bag or a vial having a stopper which may be pierced by a hypodermic injection
needle). The kit may further comprise more containers comprising a pharmaceutically
acceptable buffer, such as phosphate-buffered saline, Ringer's solution and dextrose solution.
It may further include other materials desirable from a commercial and user standpoint,
including other buffers, diluents, filters, needles, syringes, culture medium for one or more of
the suitable hosts. The kits may optionally include instructions customarily included in
commercial packages of therapeutic or diagnostic products, that contain information about,
for example, the indications, usage, dosage, manufacture, administration, contraindications

and/or warnings concerning the use of such therapeutic or diagnostic products.

[00305] The kits are useful for detecting the presence of an immunoreactive L1-CAM
protein in a biological sample, e.g., any body fluid including, but not limited to, e.g., serum,
plasma, lymph, cystic fluid, urine, stool, cerebrospinal fluid, ascitic fluid or blood and
including biopsy samples of body tissue. For example, the kit can comprise: one or more
humanized, chimeric, or bispecific anti-L1-CAM antibodies of the present technology (or
antigen binding fragments thereof) capable of binding a L1-CAM protein in a biological
sample; means for determining the amount of the L1-CAM protein in the sample; and means
for comparing the amount of the immunoreactive L1-CAM protein in the sample with a
standard. One or more of the anti-L1-CAM antibodies may be labeled. The kit components,
(e.g., reagents) can be packaged in a suitable container. The kit can further comprise

instructions for using the kit to detect the immunoreactive L1-CAM protein.

[00306] For antibody-based kits, the kit can comprise, e.g., 1) a first antibody, e.g. a
humanized, chimeric or bispecific L1-CAM antibody of the present technology (or an antigen
binding fragment thereof), attached to a solid support, which binds to a L1-CAM protein;
and, optionally; 2) a second, different antibody which binds to either the L1-CAM protein or
to the first antibody, and is conjugated to a detectable label.

[00307] The kit can also comprise, e.g., a buffering agent, a preservative or a protein-
stabilizing agent. The kit can further comprise components necessary for detecting the

detectable-label, e.g., an enzyme or a substrate. The kit can also contain a control sample or a
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series of control samples, which can be assayed and compared to the test sample. Each
component of the kit can be enclosed within an individual container and all of the various
containers can be within a single package, along with instructions for interpreting the results
of the assays performed using the kit. The kits of the present technology may contain a
written product on or in the kit container. The written product describes how to use the
reagents contained in the kit, e.g., for detection of a L1-CAM protein in vitro or in vivo, or for
treatment of L1-CAM associated cancers in a subject in need thereof. In certain
embodiments, the use of the reagents can be according to the methods of the present

technology.
EXAMPLES

[00308] The present technology is further illustrated by the following Examples, which
should not be construed as limiting in any way. The following Examples demonstrate the
preparation, characterization, and use of illustrative L1-CAM antibodies of the present
technology. Examples 1-11 demonstrate the production of chimeric, humanized, and
bispecific antibodies of the present technology, and characterization of their binding

specificities and in vivo biological activities.

Example 1: Materials and Methods for Generating and Characterizing the Anti-L1-CAM

Antibodies of the Present Technology

[00309] Immunohistochemistry (IHC). Use of human tumors and normal tissues for IHC
was approved by Memorial Sloan-Kettering Cancer Center institutional review board. Five-
to seven-micrometer sections of snap-frozen tissues were fixed in acetone for 30 minutes at -
20 °C. Endogenous biotin-binding activity was blocked by sequential treatment with avidin
and biotin (Vector avidin-biotin blocking kit; Invitrogen, Carlsbad, CA) for 20 minutes each
followed by blocking with 10% horse serum for 1 hour at room temperature. Sections were
then sequentially reacted with primary antibody, biotinylated horse antimouse IgG (H+L)
(Vector Laboratories, Inc., Burlingame, CA) and Avidin-Biotin Complex (Vectastain ABC
kit, Vector Laboratories, Inc., Burlingame, CA) for 60 minutes respectively at room
temperature, and washed between each reaction. Subsequently, sections were stained with
dye (DAB Peroxidase substrate kit, Vector Laboratories, Burlingame, CA) for 2 min, washed,
counterstained with Myer’s hematoxylin, washed, dehydrated in 95% ethyl alcohol.

[00310] Construction of the Chimeric and Humanized Forms of E71 and E72. Based on
human homologues, CDR sequences of both heavy and light chains of E71 and E72 were
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grafted into the human IgG1 framework and optimized. The huE71 and huE72 genes were
synthesized (Blue Heron Biotechnology, Bothhell, WA or Genscript, Piscataway, NY) and
incorporated into a mammalian expression vector (Eureka, CA), and transfected into DG44
cells or CHO-S cells for stable production. Similarly, human Vy and Vi sequences were
grafted onto human IgG4 frameworks to make IgG4 recombinant antibodies. Lastly, these
genes were transfected into DG44 cells that lack the GnT1 enzyme to make the special IgG1

glycoforms.

[00311]  Purification of Chimerized or Humanized E71 and E72. HuE71 and huE72
producer lines were cultured in Opticho serum free medium (Invitrogen, Carlsbad, CA) or
PowerCHO-2 (Lonza, Basel, Switzerland) and the mature supernatant was harvested. Protein
A affinity column was pre-equilibrated with 25 mM sodium citrate bufter with 0.15 M NaCl,
pH 8.2. Bound huE71 or huE72 were eluted with 0.1 M citric acid/sodium citrate buffer, pH
3.9 and alkalinized (1:10 v/v ratio) in 25 mM sodium citrate, pH 8.5. It was passed through a
Sartobind-Q membrane and concentrated to 5-10 mg/mL in 25 mM sodium citrate, 0.15 M
NaCl, pH 8.2. 2 ug each of the proteins was analyzed by SDS-PAGE under non-reducing or
reducing conditions using 4-15% Tris-Glycine Ready Gel System (Bio-Rad, Hercules, CA).
Invitrogen SeeBlue Plus2 Pre-Stained Standard (Invitrogen, Carlsbad, CA) was used as the
protein molecular weight marker. After electrophoresis, the gel was stained using GelCode
Blue Stain Reagent (Pierce Biotechnology, Waltham, MA). The gel was scanned using Bio-
Rad Fluor-S Multilmager (Bio-Rad, Hercules, CA), and the band intensity quantified with
Quantity One software (Bio-Rad, Hercules, CA).

[00312] In Vitro Binding Kinetics by Biacore 1-100 Biosensor (GE Healthcare, Uppsala,
Sweden). CMS5 sensor chip (Research grade) and related reagents were purchased from
Biacore USA (Piscataway, NJ). Antigen L1-CAM-Fc or L1-CAM-His was directly
immobilized onto the CMS5 sensor chip according to the manufacturer’s instructions. Purified
monoclonal antibodies (MoAbs) (mouse, chimeric IgG1 and IgG4, and humanized IgG1 and
IgG4 versions of E71 and E72, and their IgG1n glycoforms) were diluted in HBS-EP buffer
at varying concentrations (41.7 ~ 666.7 nM) prior to analysis. Samples were injected over
the sensor surface at a flow rate of 30 ul/min over 1 min. Association time was set for 1 min,
dissociation time was set for from 5 min to 15 min. At the end of each cycle, the surface was
regenerated using 50 mM NaOH at a flow rate of 50 pl/min over 1 min. The data were
analyzed by the bivalent analyte model and default parameter setting for the rate constants

using the Biacore T-100 evaluation software, and the apparent association on rate constant
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(kon), dissociation off rate constant (ko) and equilibrium dissociation constant (Kgq=Kog/Kon)

were calculated.

[00313]  'Chromium Release Assay. For ADCC assays, effector cells were peripheral
blood mononuclear cells (PBMCs) from a healthy donor. Effector cell: Target cell (E:T) ratio
was 50:1. For T cell cytotoxicity assay, effector T cells cultured in vifro in the presence of
anti-CD3 and anti-CD28 for about 14 days, and used at an E:T ratio of 10:1. All target tumor
cells were harvested with 2 mM EDTA in PBS, labeled with >'Cr (Amersham, Arlington
Height, IL) at 100 uCi/10° cells at 37 °C for 1 h. 5000 target cells were added per well,
together with antibodies in 96-well polystyrene round-bottom plates (BD Biosciences,
Bedford, MA) to a final volume of 250 pl/well. 10 units/ml of IL2 was added for ADCC
assays. The plates were incubated at 37 °C for 4 hours. The released *'Cr in the supernatant
was counted in a y-counter (Packed Instrument, Downers Grove, IL). Percentage of specific
release was calculated using the formula: (experimental cpm - background cpm)/(total cpm -
background cpm) x 100%, where cpm represented counts per minute of >'Cr released. Total
release was assessed by lysis with 10% SDS (Sigma, St Louis, Mo), and background release
was measured in the absence of effector cells. EC50 was calculated using Sigmaplot or

Graphpad Prism softwares.

[00314]  Biodistribution of MoAb in Xenografted Mice. Female athymic nude mice were
purchased from Harlan Sprague Dawley, Inc (Indianapolis, IN). All procedures were carried
out in accordance with the protocols approved by the Memorial Sloan-Kettering Cancer
Center Institutional Animal Care and Use Committee and institutional guidelines for the
proper and humane use of animals in research. Tumor cells were harvested and resuspended
in Matrigel (BD Biosciences, Bedford, MA). Cells (2-10 x 10°) were implanted
subcutaneously (s.c.) to the flank of the mice in 0.1 ml volume using 22-gauge needles.
Tumors were allowed to grow to the size of ~ 200 mm” before initiating treatment. Mice
with established tumors were randomly separated into treatment groups. 100 puCi of
radioiodinated antibody per mouse was injected intravenously and animals sacrificed usually
at 48 hours, and their organs removed and counted in a gamma counter (Packard Instruments,
Perkin Elmer, Waltham, MA). These organs included skin, liver, spleen, kidney, adrenal,
stomach, small intestine, large intestine, bladder, femur, muscle, tumor, heart, lung, spine,
and brain. Based on the pCi accumulated in the organ and the organ weight, % injected dose
(%ID)/gram of mouse was calculated. Tumor to non-tumor ratios of % ID/g were also

calculated.
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[00315] huE71-BsAb Design, Production, and Purification Analyses. The huE71-BsAb
format was designed as a huOKT3 scFv fusion to the C-terminus of the light chain (huE71-
huOKT?3) of a huE71-IgG1 using a 15 amino acid linker (G4S); (SEQ ID NO: 77). N297A
and K322 A mutations in the IgG1 Fc region were introduced. Nucleotide sequences were
synthesized by GenScript (Piscataway, NY) with appropriate flanking restriction enzyme
sites, and were subcloned into a standard mammalian expression vector. Linearized plasmid
DNA was used to transfect CHO-S cells (Invitrogen, Carlsbad, CA) for stable production of
BsAb. 2 x 10° cells were transfected with 5 pg of plasmid DNA by Nucleofection (Lonza,
Basel, Switzerland) and then recovered in CD OptiCHO medium supplemented with 8 mM
L-glutamine (Invitrogen, Carlsbad, CA) for 2 d at 37°C in 6-well culture plates. Stable pools
were selected with 500 pg/mL hygromycin for approximately two weeks and single clones
were then selected out with limited dilution. huE71-BsAb titer was determined by L1-
CAM(+) tumor cells and CD3(+) Jurkat cell ELISA, respectively, and stable clones with
highest expression were selected. The BsAb producer line was cultured in PowerCHO-2
medium and the mature supernatant harvested. A protein A affinity column (GE Healthcare,
Chicago, IL) was pre-equilibrated with 25 mM sodium citrate buffer with 0.15 M NaCl, pH
8.2. Bound BsAb was eluted with 0.1 M citric acid/sodium citrate buffer, pH 3.9 and
neutralized with 25 mM sodium citrate, pH 8.5 (1:10 v/v ratio). For storage, BsAb was
dialyzed into 25 mM sodium citrate, 0.15 M NaCl, pH 8.2 and frozen in aliquots at -80°C.
Two micrograms of the protein was analyzed by SDS-PAGE under reducing conditions using
4-15% Tris-Glycine Ready Gel System (Bio-Rad, Hercules, CA). The purity of huE71-
BsAb was also evaluated by size-exclusion high-performance liquid chromatography (SE-
HPLC). Approximately 20 ug of protein was injected into a TSK-GEL G3000SWXL 7.8
mm X 30 cm, 5 pm column (TOSOH Bioscience, Tokyo, Japan) with 0.4 M NaClO, 0.05 M
NaH,POy4, pH 6.0 buffer at flow rate of 0.5 mL/min, and UV detection at 280 nm. Ten
microliters of gel-filtration standard (Bio-Rad, Hercules, CA) was analyzed in parallel for

MW markers.

[00316] FACS Analyses. Cells were incubated with different concentrations of primary
antibody (chimeric or humanized huE71 and huE72 and their IgG4 subclass and IgG1n
variants, as well as the BsAb forms) for 30 minutes at 4°C in PBS, and a secondary
phycoerythrin-labeled antibody specific for human Fc was used after washing off of excess

primary antibody. Cells were fixed with 1% paratformaldehyde (PFA) prior to analysis on
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FACS Calibur cytometer (BD Biosciences, Bedford, MA). Controls were cells incubated

with Rituximab or Palivizumab, for which the mean fluorescent intensity (MFI) was set to 5.

[00317] For quantitation, the Quantum Simply Cellular anti-mouse IgG kit was used
(Bangs Laboratories, Fishers, IN). Briefly, the kit comprises five microsphere populations;
one blank and four labeled with increasing amounts of anti-mouse IgG. The beads and the
tumor cells (37 °C for 5 hours) were then labeled with the same fluorescently conjugated
mouse E71 on ice for 30 minutes. The cells were then washed with PBS and analyzed on the
BD FACS Calibur (BD Biosciences, Bedford, MA) along with the labeled beads. The Excel-
based QuickCal analysis template that was provided with each kit aids in correlating
fluorescence intensity with antigen density on the tumor cells. Each data point represented

the average of duplicates.

[00318] In Vivo Anti-tumor Assays. For in vivo studies, BALB-Rag2-KO-IL-2R-yc-KO
(DKO) mice (derived from colony of Dr. Mamoru Ito, CIEA, Kawasaki, Japan) were used.
See Koo GC et al., Expert Rev Vaccines 8:113-20 (2009). Tumor cells were implanted
subcutaneously of a 1:1 mixture of fresh media/BD Matrigel (BD Biosciences, Bedford,
MA). For tumor volume measurements, all tumors were measured using hand-held TM900

scanner (Peira, Brussels, BE).

[00319]  General Laboratory Procedures for Radiolabeled Antibody Studies. Unless
otherwise noted, all chemicals were acquired from Sigma-Aldrich (St. Louis, MO) and used
as received and all instruments were calibrated and maintained in accordance with standard
procedures. *Zr was produced at Memorial Sloan Kettering Cancer Center on a TR19/9
cyclotron (Ebco Industries Inc., Richmond, BC, Canada) via the *’Y(p,n) *Zr reaction and
purified to yield **Zr with a specific activity of 196-496 MBq/mg. Activity measurements
were made using a CRC-15R Dose Calibrator (Capintec, Inc., Florham Park, NJ). For the
quantification of activities, samples were counted on an Automatic Wizard gamma counter
(Perkin Elmer, Waltham, MA). The radiolabeling of ligands was monitored using instant
thin-layer chromatography paper (Agilent Technologies, Santa Clara, CA) and analyzed on a
Bioscan AR-2000 radio-ITLC plate reader using Winscan Radio-TLC software (Bioscan Inc.,
Washington, DC). All in vivo experiments were performed according to protocols approved

by the Memorial Sloan Kettering Institutional Animal Care and Use Committee (Protocol

08—07-013).
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[00320] Cell Culture. T-75 flasks (Corning, Corning NY) containing cells were stored in
cell incubators maintained at 37 °C and a 5% CO; concentration. SKOV3, a human epithelial
ovarian carcinoma cell line (ATCC, Manassas, VA) was cultured in RPMI McCoy's SA
Medium (Thermo Fisher Scientific, Waltham, MA), modified to contain 1.5 mM L-
glutamine, were all grown with 100 units/mL penicillin G and 100 pg/mL streptomycin and
10% fetal bovine serum. The SKOV3 cell line was subcultivated once per week using 0.25%
trypsin/0.53 mM EDTA in Hank’s Buffered Salt Solution without calcium and magnesium

and passaged 1:5 for standard cell line passaging.

[00321] Xenograft Mouse Models. Eight to ten week old athymic nu/nu female mice were
purchased from Charles River Laboratories (Kingston, NY). Animals were housed in
ventilated cages, were given food and water ad libitum, and were allowed to acclimate for
approximately 1 week prior to inoculation. SKOV-3 tumors were induced on the right
shoulder by a subcutaneous injection of 5.0 x 10° cells in a 150 uL cell suspension of a 1:1
mixture of fresh media/BD Matrigel (BD Biosciences, Bedford, MA). Experiments were
performed approximately 2-3 weeks following the injection of the cancer cells. For tumor
volume measurements, all tumors measured using hand-held TM900 scanner (Peira, Brussels,
BE). After initial tumor measurements, mice were randomized into groups (n = 8-9 per

group), ensuring all cohort had approximately equal average tumor volumes to start.

[00322] Antibody Bioconjugation. Antibodies were obtained in citrate buffer (25 mM
sodium citrate, 150 mM sodium chloride) at an average concentration of 4-5 mg/mL. The
antibodies were concentrated using centrifugal filter units with a 50,000 molecular weight
cutoff (Amicon Ultra 4 Centrifugal Filtration Units, Millipore Corp., Billerica, MA) to a final
concentration of 12-15 mg/mL. After concentrating, the antibodies were pH adjusted to 8.5-
9.0 with 0.1 M Na,COs3 before the addition of 10 equivalents of p-SCN-Bn-DFO or p-SCN-
Bn-DOTA (Macrocyclics, Inc. Dallas, TX) dissolved in DMSO. The reaction was incubated
at 37 °C for 1 hour constantly shaking at S00 rpm. The antibodies were purified using
centrifugal filter units with a 50,000 molecular weight cutoff (Amicon Ultra 4 Centrifugal
Filtration Units, Millipore Corp., Billerica, MA) to purify the ligand-antibody conjugate. The
final bioconjugates were aliquoted and stored in PBS pH 7.4 at -80 °C.

[00323]  Radiolabeling. *Zr was received after target processing as * Zr-oxalate in 1.0 M
oxalic acid. The solution was neutralized with 1.0 M sodium carbonate to reach pH ~7.

DFO-antibodies were incubated together with neutralized *’Zr labeled in PBS pH 7.4 at 37 °C

98



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645

for 60 minutes. '"LuCl was obtained (specific activity: 170 MBq/mg, Perkin Elmer,
Waltham, MA) and diluted in ammonia acetate buffer (200 mmol/L, pH 5.4) and incubated
with DOTA-antibodies at 42 °C for 1 hour. The progress of the reactions was monitored via
radio-ITLC with silica-gel impregnated glass-microfiber paper strips (ITLC-SG, Varian,
Lake Forest, CA) (analyzed by AR-2000, Bioscan Inc., Washington, DC) using 50 mM
EDTA at pH 5 as the mobile phase. Antibody complexes remained at the origin, while free
radionuclide was taken up by EDTA in the mobile phase and migrated along the solvent
front. Crude radiochemical yields were calculated using the radio-ITLC data. Radiolabeled
antibodies were then purified using size-exclusion chromatography (PD10), followed by
centrifugal filtration to concentrate the final volume for formulation. The radiochemical
purity of the final purified radiolabeled antibodies was confirmed to be >99% by radio-ITLC

before use.

[00324]  Serum Stability. Aliquots of each ®Zr-antibody complex (100 uL) were incubated
with 900 pL of human serum and agitated constantly on a thermomixer at 37 °C. Samples
were taken from each microcentrifuge tube and analyzed using radio-ITLC at day O, 1, 3, 5,
and 7 in triplicate. The stability of the complexes was measured as the percentage of * Zr that

was retained at the origin of the radio-ITLC strip and reported as % intact.

[00325]  Jmmunoreactivity. The immunoreactive fraction of the *Zr-DFO-antibodies was
determined using a Lindmo cell binding assay (Ben QW et al., Ann Surg Oncol 17:2213-21
(2010)). To this end, SKOV3 cells were suspended in microcentrifuge tubes at
concentrations ranging from 5.0 x 10° — 5.0 x 10° cells/mL in 500 uL PBS, 1% BSA (pH
7.4). Aliquots of ®Zr-DFQ-antibody (50 uL of 1 pCi/mL stock were added to each tube to a
final volume of 500 pL. The samples were incubated on a thermomixer for 60 min at 37 °C.
The treated cells were then pelleted via centrifugation (1400 RPM for 4 min), aspirated
supernatant, and washed three times with cold PBS before removing the supernatant and
counting the cell-associated radioactivity. The activity data were background-corrected and
compared with the total number of counts in appropriate control samples. Immunoreactive
fractions were determined by linear regression analysis of a plot of (total/bound) activity

against (1/[normalized cell concentration]).

[00326] PET Imaging. PET imaging experiments were conducted on an Inveon PET/CT
scanner (Siemens Healthcare Global, Malvern, PA). Female, athymic nude mice with

SKOV3 xenografts on their right shoulders were administered *’Zr-antibody (192-214 uCi] in
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150 pL of PBS) via intravenous tail vein injection. Animals were anesthetized by inhalation
of 2% isoflurane (Baxter Healthcare, Deerfield, IL) and medical air gas mixture and placed
within the scanner with anesthesia maintained using 2% isoflurane and medical air gas
mixture. PET data for each mouse were recorded via static scans at 24, 48, 72, and 96 hours
post-injection. An energy window of 350-700 keV and a coincidence timing window of 6 ns
were used. Data were sorted into 2D histograms by Fourier rebinning, and transverse
images were reconstructed by filtered back-projection (FBP) into a 128 x 128 x 63 (0.72 x
0.72 x 1.3 mm3) matrix. The counting rates in the reconstructed images were converted to
activity concentrations (percentage injected dose per gram of tissue, %ID/g) by use of a
system calibration factor derived from the imaging of a mouse-sized water-equivalent
phantom containing **Zr. Images were analyzed using ASIPro VM software (Concorde

Microsystems, Knoxville, TN).

[00327]  Biodistribution. Biodistribution studies were performed using the ¥Zr-antibodies
SKOV3 tumor-bearing female, athymic nude mice. Animals were administered (17-26 pCi)
of each of the *Zr-antibodies in 150 pL PBS via intravenous tail vein injection. Animals (n
= 4 per group) were euthanized by CO; asphyxiation at 96 hours post-injection. Following
euthanasia, 17 organs (blood, tumor, heart, lungs, liver, spleen, stomach, large bowel, small
bowel, pancreas, ovary, kidney, bone, muscle, lymph, skin, tail) were collected, weighed, and
assayed for radioactivity on a gamma counter calibrated for ®Zr. Counts were converted into
activity using a calibration curve generated from known standards. Count data were
background and decay corrected to the time of injection, and the percent injected dose per
gram (%ID/g) for each tissue sample was calculated by normalization to the total activity
injected. The data depicted in this study are expressed as averages+ standard deviation.
Statistical differences were analyzed by unpaired, two-tailed, student’s t-test using GraphPad
Prism 7 software. P-values <0.05 were considered statistically significant and indicated by

an asterisk.

Example 2: Structure of the Humanized Anti-L 1-CAM Antibodies of the Present Technology

[00328] Humanized E71 and E72 anti-L1-CAM antibodies were generated. Sequence
design was based on human IgG homology calculations while conserving critical mouse
amino acid residues. Figure 6 and Figure 7 show the Vi and Vi of murine E71, represented
as SEQ ID NOs: 1 and 3, and the Vg and Vi, of murine E72, represented as SEQ ID NOs: 5
and 7, respectively. The CDRs of the heavy and light chains of murine E71 (see Figure 6)

and E72 (see Figure 7) were grafted onto human IgG1 frameworks based on their homology
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with human frameworks. For E71, the homologous human sequences used were IGHV7-4-1
(SEQ ID NO: 2) for the heavy chain and IGKV-58 (SEQ ID NO: 4) for the light chain
(Figure 6). For E72, they were IGHV1-2*02|66.3]IGHJ4*01|85.7 (SEQ ID NO: 6) for the
heavy chain and IGKV1-NL1*01|73.7]IGKJ2*02|81.8 (SEQ ID NO: 8) for the light chain,
respectively (Figure 7).

[00329] Two different heavy chain sequences (H1 and H2 for huE71; see Figure 8 for
corresponding amino acid sequences, and Figure 9 for cDNA sequences) and two different
light chain sequences (L1 and L2; Figure 10 for corresponding amino acids, and Figure 11 for
cDNA sequences) were expressed as full IgGs for huE71 and tested for binding and stability.
Two different heavy chain sequences (H1 and H2 for huE72; see Figure 12 for corresponding
amino acid sequences, and Figure 13 for cDNA sequences) and two different light chain
sequences (L1 and L2; see Figure 14 for corresponding amino acid sequences, and Figure 15
for cDNA sequences) were expressed as full IgGs for huE72 and tested for binding and
stability.

[00330] The chimeric forms of E71 (Figure 16 for corresponding amino acid sequences,
and Figure 17 for cDNA sequences) and E72 (Figure 18 for corresponding amino acid
sequences, and Figure 19 for cDNA sequences) were also made for comparisons. The most
stable combination H1 and L1 for E71 (Figure 20 and Figure 21, respectively) and H1 and L2
for E72 (Figure 22 and Figure 23, respectively) were chosen for the final form of huE71 and
huE72 for the rest of the experiments. Additional constructs were made replacing the heavy
chain sequences of chE71 with the human IgG4 framework (amino acid sequence in Figure
24, and cDNA sequence in Figure 25), and of huE71 with the human IgG4 framework (amino
acid in Figure 26 and cDNA in Figure 27, respectively). HUE71 is packaged into a single
vector (for balanced heavy chain and light chain secretion) transduced into DG44 cells.
HuE71-IgG1n is another huE71-IgG1 glycoform expressed in CHO cells with variant
glycosylation from a GnT1 deficiency (Jefferis R, Nat Rev Drug Discov 8:226-34 (2009)).
HuE71-IgG1, huE71-IgG4 and huE71-IgG1n were purified using standard protein A affinity
chromatography. Sugar analysis confirmed that huE71-IgG1n has 71.1% (Mol%) Mannose,
26.3% (Mol%) N-Acetyl Glucosamine, and 2.6% (Mol%) Glucose. On SDS gel, huE71 and
huE72 migrated as IgG with the appropriate size heavy and light chains; and by HPLC, they

all eluted as whole IgG with < 5% aggregate formation.
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Example 3: Antigen Binding of Hul.7 1 and Hul.72 and Derivatives Thereof

[00331] Antigen (L1-CAM-Fc and L1-CAM-His) was immobilized onto CM5 chips and
kinetics of antibody binding (kon, kosr and Kg) were compared by surface plasma resonance
(SPR) using Biacore T-100 (Figure 28 for L1-CAM-Fc). Binding kinetics on L1-CAM-Fc
for chimeric and humanized antibodies were summarized in Figure 29 and Figure 30,
compared with other L1-CAM mouse antibodies. Binding kinetics on L1-CAM-His for

chimeric and humanized antibodies are summarized in Figure 31.

[00332] Antigen binding was also analyzed by FACS analysis using L1-CAM(+) tumor
cells. Data were expressed as mean fluorescent intensity (MFI) determined by flow
cytometry and normalized as percentage of binding of the highest concentration of antibody
used (1 pg/10° cells): Mesothelioma (Figure 32), leukemia, breast cancer and Ewings family
of tumors (Figure 33), and melanoma, neuroblastoma, osteosarcoma, rhabdomyosarcoma,

small cell lung cancer (Figure 34).

[00333] HuE71-IgG1 was stable, its EC50 of antigen binding remained 0.03 pg/million
cells after being subjected to a 5 times freezing and thawing process. An ELISA method
using tumor cells coated onto plastic plate as antigen was also used to assay huE71-IgG1 and
huE71-IgG1n binding; both huE71-IgG1 and huE72-IgG1 showed comparable binding to
tumor cells. Binding of huE71-IgG1n to tumor cells was unchanged after being subjected to

repeated freezing and thawing for 5 times.

[00334] These results demonstrate that the antibodies of the present technology or antigen
binding fragments thereof, specifically bind to L1-CAM with high binding affinity.
Accordingly, the immunoglobulin-related compositions disclosed herein are useful for

detecting L1-CAM protein in a sample.

Example 4. ADCC Mediated by HuF.7 1-1gG In and HuE72-1gG In
[00335] ADCC (antibody-dependent cell-mediated cytotoxicity) was evaluated using

PBMC as effectors from normal volunteers. In contrast to the special glycoforms, all the
wild type human IgG1 forms of chE71, huE71, chE72 and huE72 cannot mediate ADCC.
Two target cell lines LAN-1 and NB1691 were tested. Only huE71-IgG1n was able to
mediate ADCC (EC50 for LAN-1 cells was 0.06 pg/ml, EC50 for NB1691 cells was 0.1
ug/ml). See Figures 61 and 62.
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[00336] These results demonstrate that the antibodies of the present technology or antigen
binding fragments thereof can elicit ADCC. Accordingly, the immunoglobulin-related

compositions disclosed herein are useful for treating a L1-CAM-positive cancer.

Example 5: Hul.71-BsAb and Hul.72-BsAb Design and Expression in CHO-S cells
[00337] BsAbs were designed using the IgG-scFv format (Figure 35) with the amino acid

sequences depicted in Figure 36. For huE71-huOKT3 format, the heavy chain was identical
to that of a huE71 IgGl1, the light chain was constructed by extending a huE71 light chain
with a C-terminal (G4S); linker (SEQ ID NO: 77) followed by huOKT3 scFv. HuE72-
huOKT3 was similarly designed. For both antibodies, N297A and K322A mutations were
introduced to hIgG1 Fc region to remove glycosylation and complement activation. The
DNA encoding both the heavy chain and light chain of the BsAbs was inserted into a
mammalian expression vector, transfected into CHO-S cells, and stable clones displaying the
highest expression were selected. Supernatants were collected from shaker flasks and
purified on protein A affinity chromatography. Proteins were further purified to >90%

monomer by size exclusion chromatography.

[00338] Under reducing SDS-PAGE conditions, both BsAbs gave rise to two bands at
around 50 KDa, since the huOKT3 scFv fusion to the light chain increased the MW to ~50
KDa. SEC-HPLC showed a major peak (97% by UV analysis) with an approximate MW of
210 KDa for both antibodies, as well as a minor peak of multimers removable by gel
filtration. Affinity for L1-CAM for BsAbs were comparable to those of the parental IgGs,
when assayed on L1-CAM-Fc by SPR (Figure 37).

[00339] These results demonstrate that the antibodies of the present technology or antigen
binding fragments thereof, specifically bind to L1-CAM with high binding affinity.
Accordingly, the immunoglobulin-related compositions disclosed herein are useful for

detecting L1-CAM protein in a sample.

Example 6. Binding of anti-L1-CAM BsAbs of the Present Technology to both Tumor Cells
and 1 Cells
[00340] Binding kinetics by SPR on L1-CAM-Fc for both BsAbs are shown in Figures 28

and 37. The binding of huE71-BsAb and huE72-BsAb to both target cells and effector cells

was tested by FACS immunostaining. huE71-BsAb was equally efficient as parental huE71
in binding to L1-CAM(+) neuroblastoma BE(2)C, whereas the binding of huE72-BsAb to

BE(2)C was half of that observed with huE71-BsAb (Figure 38(A)). For binding to CD3(+)
T cells, both huE71-BsAb and huE72-BsAb were less efficient compared to huOKT3 IgGl;

103



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645

around 20 fold weaker than huOKT3 (Figure 38(B)). The reduced avidity of the light chain-
anchored scFv of the BsAbs for T cells was attributable in part to the spatial constraints of
this format, but is advantageous for minimizing cytokine release especially when target cells

were not present.

[00341] These data suggest that binding to CD3 was functionally monovalent, which

precludes spontaneous activation of T cells in the absence of a tumor target.

Example 7: HuE7 [-BsAb or HuE.72-BsAb Induced Thi Cytokine Release

[00342] Both huE71-BsAb and huE72-BsAb induced release of Th1 cytokine such as
TNFa from PBMCs after 24 hours of activation with the cell line IMR32-luciferase. IFNy
and IL2 levels were relatively low. Both huE71-BsAb and huE72-BsAb also induced Th2

cytokine, IL6 and IL10 release. However, the levels of these cytokines were less than the
ones induced by control hu3F8-BsAb (Figures 39(A)-(E)).

Example 8: HuE71-BsAb and Hul72-BsAb redirected T Cell Killing of Human Tumor Cell
Lines

[00343] HuE71-BsAb or huE72-BsAb mediated T cell cytotoxicity on L1-CAM positive

cancer cell lines was tested in a standard 4-hour *'Cr release assays with activated T cells
(E:T ratio=10:1). Both BsAbs induced T cell cytotoxicity against tumor cells, and huE72-
BsAb was more potent than huE71-BsAb (EC50 = 50.0 pM and 62.9 pM respectively with
IMR32-luciferase cell line) (Figure 40). When an extended panel of human tumor cell lines
(including neuroblastoma, melanoma, ovarian cancer, breast cancer, cervical
adenocarcinoma) were tested, huE71-BsAb or huE72-BsAb mediated T cell cytotoxicity
correlated with tumor L1-CAM expression as assessed by FACS (Figures 41 and 42(A)-
42(B)).

Example 9: Efficacy of Hul.7[-BsAb and HuF.72-BsAb against Xenografts in Humanized
Mice

[00344] For in vivo therapy studies, BALB-Rag2-KO-IL-2R-yc-KO (DKO) mice (Koo GC
et al., Expert Rev Vaccines 8:113-20 (2009); Andrade D et al., Arthritis Rheum 63:2764-73

(2011)) were used. In separate humanized mouse xenograft models (sc tumor plus sc effector
cells, sc tumor plus iv effector cells), iv L1-CAM-BsAb showed high activity against

established tumors in the presence of PBMCs from healthy donors.

[00345] For in vivo studies, L1-CAM(+) neuroblastoma patient derived xenograft (PDX)
(Figure 43) was transplanted in DKO mice subcutaneously. HuE71-BsAb or huE72-BsAb

treatments were initiated on day 15, when tumors were measurable, using a dosing schedule
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of two injections per week for five weeks. PBMCs (7.5 x 10°) were administered
intravenously starting on day 16, followed by weekly injections for 3 weeks. The size of the
tumors was measured weekly. Mice treated with huE72-BsAb and PBMCs had tumor growth
equivalent to control. Thus, the in vivo anti-tumor response of huE72-BsAb was
unremarkable despite its high binding affinity and superior in vitro tumor killing potency. In

contrast, HUE71-BsAb with PBMCs significantly suppressed tumor growth.

[00346] In Figure 44, instead of PDX, the IMR32 neuroblastoma cell line was used and
planted subcutaneously mixing with an equal number of PBMC. HuE71-BsAb or huE71-
IgGn significantly suppressed tumor growth, whereas huE72-BsAb had no effect on tumor

volume.

Example 10: Tumor Imaging Using *° Zr-hul7 1-IeG In and *° Zr-huE72-IeG In

[00347] Nude mice planted with SKOV3 human ovarian xenograft sc were imaged with
¥7r-huE71-IgG1n and ¥Zr-huE72-IgG1n (Figure 45 and Figure 46, respectively). Despite
the lower affinity of huE71 compared to huE72, the in vivo targeting efficiency of **Zr-
huE71-IgG1n was superior.

Example 11: LI1-CAM Antibody I'c Variants

[00348] The following studies evaluate the effect of modifications within in the Fc region

of humanized antibodies on their in vivo biodistribution. There are four subclasses of IgG
antibodies (IgG1, IgG2, IgG3, and IgG4) in humans, which can be broken down into further
subtypes. In addition, there are several types of Fc receptors that bind IgG antibodies, i.e., Fc

gamma receptors.

[00349] The Fc gamma receptors are further subdivided into classes that are differentially
expressed on immune cells with Fc gamma receptor I having the highest affinity for IgG
antibodies (Nimmerjahn F, Ravetch JV. Nat Rev Immunol 8:34-47 (2008)). IgG1 antibodies
are the most abundant in humans and have the highest affinity for activating Fc gamma
receptors (Bruhns P et al., Blood 113:3716-25 (2009)). In addition, the sugar moieties, or
glycosylation state, of IgGs play a large role in the binding to Fc gamma receptors.
Specifically, for IgG1 antibodies, the sugar moieties attached to the N297 residue on the
constant region interact with and alter Fc binding characteristics of the antibody (Sazinsky SL
et al., Proc Natl Acad Sci U § A 105:20167-72 (2008)). The complex sugar moieties attached
to this residue include mannose and N-acetylglucosamine (GlcNAc) along with other

branching sugars including fucose, galactose, and sialic acid and alteration of this
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glycosylation site can dramatically affect binding (Maverakis E ef al., J Autoimmun 57:1-13
(2015); Arnold IN et al., Annu Rev Immunol 25:21-50 (2007). IgG antibodies with an entire
deletion of these sugars demonstrate significantly reduced Fc gamma receptor binding
without affecting their FcR(n) affinity. On the other hand, removal of fucose residues from
the glycosylation site greatly increases the affinity of the IgG for the Fc gamma receptor
(Maverakis E et al., J Autoimmun 57:1-13 (2015). While IgG1 antibodies have the highest
affinity for Fc gamma receptor, IgG4 antibodies, which represent the least abundant IgG in
humans, have a significantly lower affinity for the Fc gamma receptor and is generally
viewed as an anti-inflammatory IgG that dampens immune responses as a regulatory
mechanism. Without wishing to be bound by theory, it is believed that this phenomena is
due, in part, to the intrinsic property of IgG4 antibodies known as dynamic Fab arm exchange

(Van der Neut Kolfschoten M et al., Science 317:1554-7 (2007)).

[00350] All the subclasses of IgG antibodies are composed of two heavy-light chain pairs
that are bound together by disulfide bonds made by cysteine residues on the heavy chain
located in the hinge region of the antibody. This hinge region is variable in length, along
with the number of disulfide bonds, depending on the subclass of the IgG. These
characteristics influence the flexibility of the hinge region and play a role in the binding
affinities to the Fc gamma receptor (Rispens T, et al., J Biol Chem 289:6098-109 (2014)).
With IgG4 antibodies, the two half-molecules (heavy-light chain pair) are able to disassociate
with one another at the hinge region and recombine spontaneously with other half-molecules
to form bispecific, monovalent antibodies in vitro and in vivo (Rispens T, et al., J Biol Chem
289:6098-109 (2014); Vidarsson G et al., Front Immunol 5:520 (2014)). This dynamic Fab
arm exchange property can be disabled in IgG4 antibodies by the introduction of a serine to
proline mutation (S228P) within the hinge region of the antibody (Silva JP et al., J Biol Chem
290:5462-9 (2015)). The experiments performed in this study utilize humanized antibodies
in mice expressing mouse Fc gamma receptors. Although the Fc gamma receptors in man
and mouse are only 60-70% homologous, recent studies have shown that human IgGs bind to
the orthologous mouse Fc gamma receptors with very similar affinities suggesting similar

biological activities (Overdijk MB et al., J Immunol 189:3430-8 (2012)).

[00351] L I-CAM Antibody Modifications. In order to investigate the effects of the Fc
region on the in vivo biodistribution of radioimmunoconjugates, a panel of humanized IgG1
and IgG4 antibodies was developed, all of which have the exact same antigen binding site,

but have modifications in the Fc region, thus altering their affinity for the Fc gamma
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receptors (Figure 47). HUE71-1 MAGE is an IgG1 antibody against L1-CAM with glycans
lacking a-1,6-fucose that was produced in CHO cells that have a deficiency in the enzyme,
UDP-N-acetylglucosamine: a-3-d-mannoside-§3-1,2-N- acetylglucosaminyltransferase I
(GnT1), thus enhancing the Fc region (Xu H et al., Cancer Immunol Res 4:631-8 (2016)).
HuE71-1 WT is the wild-type IgG1 antibody against L1-CAM produced in wild-type CHO
cells, while HUE71-1 Aglyco is the aglycosylated variant that contains a N297A mutation
diminishing its Fc gamma receptor binding. HuE71-4 WT is the IgG4 variant of this
antibody while HuUE71-4 Mutant contains a S228P mutation which prevents dynamic Fab arm
exchange from occurring. Finally, HuCtrl-4 is an IgG4 wild-type antibody targeting GD2, a

non-specific antigen in the animal model used for this study.

[00352] Conjugation and Radiolabeling. For conjugation of the L1-CAM antibodies
disclosed herein to functionalized isothiocyanate desferrioxamine chelator (p-SCN-Bn-DFO),
a concentrated solution of each antibody dissolved in PBS was pH adjusted to 8.5-9 and
incubated with the chelator dissolved in DM SO at a 10:1 molar excess for 1 hour at 37 °C.
Following spin filter purification of the antibodies (Amicon Ultra 50 kDa), aliquots were
frozen and samples of the starting material (unconjugated antibody) and the conjugated
antibodies were evaluated using matrix-assisted laser desorption/ionization time of flight
mass spectrometry (MALDI-ToF MS) to determine the chelate number for each antibody.
Because a non-specific conjugation method was used, it was possible for DFO moieties to
form multiple thiourea linkages on lysine residues distributed randomly on the antibodies.
MALDI-ToF MS analysis of the pre-conjugated and post-conjugated antibodies revealed
values of 2.38 chelates per *Zr-HuE71-1 MAGE, 1.41 chelates per ¥Zr-HuE71-1 WT, 1.07
chelates per *Zr-HuE71-1 Aglyco, 1.30 chelates per *Zr-HuE71-4 WT, 0.63 chelates per
¥7r-HuE71-4 Mutant, and 1.12 chelates per **Zr-HuCtrl-4 WT. These values represent the
average number of chelates per antibody molecule. For example, a value of 1.41 DFO
chelate molecules per *’Zr-HuE71-1 WT indicates that each antibody molecule has 1 or 2
chelators bound. Each of the antibodies was then radiolabeled with *Zr in PBS for 60

minutes at 37 °C.

[00353] Radiochemical yields and specific activities were calculated using instant thin
layer chromatography (ITLC) with a mobile phase of EDTA (pH 5.0, 50 mM) where the free
8Zr migrates with the solvent front and the chelated *’Zr remains at the baseline.
Radiochemical yields for all of the antibodies were greater than 95% and the radiochemical

purities for all of the antibodies were greater than 99% following size exclusion
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chromatography purification (PD-10 column). Specific activities for all of the antibodies
(excluding *Zr-HuE71-4 Mutant) were between 6.18-6.89 uCi/pg post-radiolabeling.

Despite many attempts at optimizing the radiolabeling of ¥Zr-HuE71-4 Mutant, a specific
activity above 2.14 uCi/ug was never achieved, which consistent with the MALDI-ToF MS
data which demonstrated that *Zr-HuE71-4 Mutant had the lowest average chelate number of
0.63.

[00354] In Vitro Characterization. In order to assess the radiochemical stability of the
tracers, a serum stability challenge was performed. A small aliquot (100 uL) of each
radioimmunoconjugate was incubated in human serum (900 pL) at 37 °C through seven days.
Samples were taken on days 0, 1, 3, 5 and 7 and evaluated via radio instant thin layer
chromatography to determine the percentage of activity remaining bound to the antibody.
The study revealed that all of the tracers were stable throughout seven days with values of
97.3+0.8% for *Zr-HuE71-1 MAGE, 97.7+0.7% for *Zr-HuE71-1 WT, 96.6+0.8% for *’Zr-
HuE71-1 Aglyco, 96.9+0.3% for ¥ Zr-HuE71-4 WT, 97.5+0.3% for ¥ Zr-HuE71-4 Mutant,
and 96.7+1.1% for ¥Zr-HuCtrl-4 WT. These values, all above 95% intact through seven

days are in line with what was expected for a *Zr-DFO radiolabeled antibody.

[00355] To determine the extent to which these antibodies were able to bind the target
post- radiolabeling, immunoreactivity assays were performed. Briefly, the ¥Zr-labeled
antibodies were incubated with increasing concentrations of target positive ovarian cancer
cells (SKOV3) and, following washes, the cell bound activity was counted and used to
calculate the immunoreactive fraction. These experiments yielded immunoreactivities greater
than 85% for all the antibodies, specifically, 89.5+1.5 % for *Zr-HuE71-1 MAGE, 93.1£2.2
% for ¥Zr-HuE71-1 WT, 85.8+2.9 % for ¥Zr-HuE71-1 Aglyco, 86.7+1.9 % for ¥'Zr-HuE71-
4 WT and 88.6+2.8 % for *Zr-HuE71- 4 Mutant (Figures 48(A)-48(E)). Because the
immunoreactivities of all of the tracers are within range of each other, one may assume that
any observable differences in the pattern of imaging and biodistribution of the
radioimmunoconjugates are not due to differences in their binding ability to the target antigen

(L1-CAM).

[00356] Serial PET Imaging. Serial PET imaging studies on female nude athymic mice
bearing subcutaneous SKOV3 tumors on the right shoulder were performed to determine how
modifications to the Fc region of the antibodies of the present technology would alter the
biodistribution pattern of these radioimmunoconjugates. The radiolabeled immunoconjugates

were injected via the tail vein and PET images were acquired at 4 time points post-injection
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(24, 48, 72 and 96 hours). Presented in all of the imaging figures are coronal slices of the
mice through the tumor tissue (all scaled from 0 to 30 % injected dose per gram) and

maximal intensity projections (MIP) representing the total body image.

[00357] For *Zr-HuE71-1 MAGE (Figure 45), high radioactivity concentration of the
tracer in the tumor tissue (white arrow) with minimal radioactivity in the non-targeted organs
was observed at 24 hours post-injection. The tracer cleared rapidly from the blood pool as no
heart or large blood vessels can be seen. Interestingly, four bilateral structures within the
upper portion of the animal (gray arrow) appeared to have high radioactive concentration as
well. These PET-positive tissues were harvested and identified them as the submandibular
and axillary lymph nodes. Further, the lymph node uptake with *Zr-HuE71-1 MAGE
persisted up to 96 hours post-injection of the radiotracer. PET images of SKOV-3 xenografts
injected with **Zr-HuE71-1 WT revealed high tracer uptake within the tumor tissue at 24
hours which continued to accumulate up to 96 hours (Figure 49). There was high liver
radioactivity concentration that was quite intense at 24 hours then gradually washes out
slightly through 96 hours. Once again, the four lymph nodes in the upper portion of the
mouse were illuminated on PET at 24 hours, as well as the lower lymph nodes, but they

appeared to fade slightly through 96 hours.

[00358] Inthe ®Zr-HuE71-1 Aglyco images (Figure 50), high radioactivity concentration
of the tracer within the tumor tissue at 24 hours was observed, which continued to accumulate
up to 96 hours. Blood pool activity with this tracer was quite high and clearly visible at 24
hours in the heart, descending aorta, and right and left common carotid arteries but this
activity cleared out rapidly by 72 hours post-injection. Based on the PET imaging data of the
IgG1 radiolabeled antibodies, *Zr-HuE71-1 Aglyco has the cleanest biodistribution profile,
in that the tumor tissue had the highest radioactivity concentration with the least amount of

non-targeted tissue activity from 24 hours post-injection to 96 hours.

[00359] For *Zr-HuE71-4 WT (Figure 51), the majority of the activity was within the
tumor tissue at 24 hours and in the maximal intensity projections, blood pool activity could
be visualized quite clearly. Two bilateral structures in the middle of the animal (gray arrow)
could also be seen and these have been confirmed to be kidneys. The high activity within the

tumor tissue persisted up to 96 hours post-injection, as well as the kidney activity.

[00360] Inimages of *Zr-HuE71-4 Mutant (Figure 52), a slight tumor uptake at 24 hours

was observed that continued to gradually accumulate over a period of time up to 96 hours.
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Here, there was blood pool activity that, in this case, appeared to partially decrease
throughout 96 hours. Most notable, however, is the absence of kidney uptake with **Zr-

HuE71-4 Mutant that was clearly observed with *Zr-HuE71-4 WT.

[00361] The final tracer imaged in this study was a non-specific control antibody, ¥'Zr-
HuCtrl-4 WT (Figure 53). At all time points the activity within the tumor tissue was very
minimal, consistent with the fact that the target of the antibody, GD2, was not highly
expressed by the SKOV-3 cell line. Liver activity could be seen through all of the time

points as well as intense kidney activity.

[00362] Besides the control antibody (*’Zr-HuCtrl-4 WT), all of the other tracers had the
exact same antigen binding site targeting L1-CAM. The only differences between the five
L1-CAM tracers are within the Fc region, which had a significant impact on in vivo
biodistribution. According to the PET images, the antibody variants that had lower Fc
receptor binding (¥’Zr-HuE71-1 Aglyco, ¥ Zr-HuE71-4 WT, *’Zr-HuE71-4 Mutant) did not
exhibit lymph node uptake. Conversely, the antibodies that have normal or enhanced Fc
gamma receptor binding (*’Zr-HuE71-1 WT, ¥Zr-HuE71-1 MAGE) have intense lymph
node uptake. Taken together, the data suggests that local expression of the antigen does not
play a role in lymph node uptake because the antigen binding regions of all of the L1-CAM
tracers were the same. Further, L1-CAM radioimmunoconjugates yielded greater than 85%
immunoreactive fractions in the immunoreactivity assays, which excludes differences in
antigen binding as a cause for the differential lymph node uptake. Because the normal and
enhanced Fc gamma receptor binding antibodies (*Zr-HuE71-1 MAGE and ¥Zr-HuE71-1
WT) exhibited statistically significantly higher lymph node uptake as compared to the low Fc
gamma receptor binding antibodies (*’Zr-HuE71-1 Aglyco, *Zr-HuE71-4 WT, *Zr-HuyE71-4
Mutant), the high lymph node uptake observed is likely due to differences in Fc binding.

[00363] With respect to the [gG4 tracers, high kidney uptake was observed in the wild-
type variant. A S228P mutation in this tracer was able to reduce the kidney uptake to the
point where it could not be visualized on PET at any time point. IgG4 antibodies, as
described earlier, undergo dynamic Fab arm exchange and are capable of spontaneously
breaking apart at the hinge region (to form a ~75 kDa construct) and then recombine with
other half molecules. Without wishing to be bound by theory, it is believed that the kidney
uptake observed in the wild type IgG4 L1-CAM antibody may be a secondary effect of the
dynamic Fab arm exchange property because the S228P mutation prevents this renal

accumulation from occurring. Also, the 75 kDa half antibody may be undergoing further
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reduction into 25 and 50 kDa fragments allowing them to pass through the glomeruli within
the kidneys. The non-specific *’Zr-HuCtrl-4 WT IgG4 antibody exhibits high accumulation

within the renal tissue, which is consistent with the IgG4-renal uptake theory.

[00364] FEx Vivo Biodistribution. To confirm the PET imaging results and to verify
specificity of the tracers, ex vivo biodistribution studies were performed (Figure 54 and
Figure 55). The radiolabeled immunoconjugates were injected via tail vein into female
athymic nude mice bearing SKOV3 tumors and various tissues were collected at 96 hours
post-injection, analyzed on a gamma counted, and weight normalized. The results of these
studies matched the trends that were revealed by the PET imaging experiments. The
antibodies known to have normal or enhanced Fc gamma receptor binding (*Zr-HuE71-1
WT, ¥Zr-HuE71-1 MAGE) displayed high lymph node uptake (16.85+1.39 %ID/gram,
17.16+0.41 %ID/gram). Conversely, the aglycosylated variant of the antibody, *Zr-HuE71-1
Aglyco, demonstrated a basal level of lymph node uptake of 5.59+0.49 %ID/gram. The
values obtained via ex vivo biodistribution correlate with the PET imaging data and further
corroborate the hypothesis that increased lymph node uptake is due to binding of the F¢

region of the antibody as opposed to the variable region.

[00365] For the IgG4 antibodies, *Zr-HuE71-4 WT displayed lymph node uptake of
3.98+0.969 %ID/gram while **Zr-HuE71-4 Mutant was 3.70+0.975 %ID/gram (Figure 56
and Figure 57). No significant difference was seen with these two antibodies within the
lymph nodes. *Zr-HuE71-4 WT accumulated in the kidneys with a value of 12.06+1.23
%ID/gram while *’Zr-HuE71-4 Mutant was significantly lower at 5.83£0.537 %ID/gram.
These data recapitulate what was observed in the PET imaging data and further suggest that
the IgG4 property of dynamic Fab arm exchange plays a role in the renal uptake of the

tracers.

[00366] To evaluate the specificity of these tracers for the target, blocking groups were
included in the ex vivo biodistribution studies. Fifty-fold excess of the cold tracer was co-
injected with the radiolabeled tracer via the tail vein. In theory, the addition of the cold tracer
would dramatically reduce the specific activity of the hot tracer and a significant decrease in
uptake of the hot tracer would be observed. This was observed for all five of the L1-CAM
targeted antibodies. Tumor tissue uptake values were reduced from 16.15+0.85 %ID/gram to
5.87+0.76 %ID/gram for ¥7r-HuE71-1 MAGE, 19.67+1.23 %ID/gram to 6.82+0.809
%ID/gram for ¥Zr-HuE71-1 WT, 32.02+2.99 %ID/gram to 10.58+1.52 %ID/gram for *Zr-
HuE71-1 Aglyco, 27.29+1.55 %ID/gram to 10.65+0.472 %ID/gram for *Zr-HuE71-4 WT,
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and 16.90+1.21 %ID/gram to 9.04+1.42 %ID/gram for *Zr-HuE71-4 Mutant. For ¥Zr-
HuCtrl-4 WT, a non-specific antibody in this model, the tumor uptake was quite low at
6.02+0.90 % ID/gram. This uptake in the tumor tissue can be attributed to the enhanced
permeability and retention (EPR) effect. See Heneweer C et al., J Nucl Med 52:625-33
(2011).

[00367] FEx Vivo Histology. Lymph nodes and tumors were collected and analyzed
histologically to determine whether the lymph node uptake that was observed in PET imaging
studies with the IgG1 tracers actually indicated metastatic disease (Figure 58). Hematoxylin
and eosin staining of the tumor tissue confirmed the mass to be anaplastic carcinoma. The
tumor tissue was described as well demarcated, unencapsulated, densely cellular nodular
neoplastic mass which consists of tightly packed lobules and nests of neoplastic epithelial
cells supported by fine fibrovascular septa. Neoplastic cells were polygonal to spindloid, had
variably distinct cell borders, abundant amounts of eosinophilic cytoplasm occasionally
vacuolated, and round nuclei with finely granular to vesicular chromatin and 1-2 evident
magenta nucleoli. There was severe anisocytosis and anisokaryosis. Mitoses average 4-6 per
single high power field (40x). There were multifocal areas of coagulative necrosis.
Hematoxylin and eosin staining of the right and left axillary lymph nodes and mesenteric
lymph nodes revealed histiocytosis and plasmacytosis, a common manifestation of drainage

reaction, within the medullary sinuses and no evidence of neoplastic cells.

[00368] '”"Lu Radioimmunotherapy Study. As demonstrated above, **Zr-HuE71-1 Aglyco
exhibited high tumor activity concentration of 32.02+2.99 %ID/gram at 96 hours post-
injection along with low background tissue uptake (especially kidneys and blood). ¥'Zr-
HuE71-1 Aglyco was labeled with the metallic radionuclide '""Lu because of its
radiochemical properties (half-life, 6.7 days; mean range, 0.2 mm; %0 = 100) and the
widespread use of '""Lu in imaging and radioimmunotherapy applications. The HuE71-1
Aglyco antibody was conjugated to DOTA, labeled with '""Lu specific activity of 3.94
mCi/mg (radiochemical purity > 99%) and subjected to imaging studies and an ex vivo
biodistribution study in athymic nude female mice bearing SKOV-3 subcutaneous tumors
(Figures 59(A)-59(C)). These studies confirmed a similar biodistribution profile as observed
with the ®Zr-HuE71-1 Aglyco with the majority of the activity localizing to the tumor tissue
as seen in the SPECT/CT image and Cerenkov image, and confirmed by ex vivo

biodistribution 168 hours post-injection.
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[00369] The efficacy of '""Lu-HuE71-1 Aglyco as a radioimmunotherapeutic agent was
evaluated at 3 doses (800 uCi, 800 uCi fractionated [2 doses, staggered 14 days], and 400
uCi) and compared with the cold antibody, 800 puCi non-specific antibody control, and saline
in the same animal model (n=8-9 per group) (Figure 60). Following the average tumor
volume through 80 days (60 days post initial treatment), significant differential responses
were observed between the control groups and the radiolabeled treatment groups. Notably,
none of the control groups displayed signs of tumor regression beyond the starting volume.
The three '""Lu-HuE71-1 Aglyco groups showed significant growth-delay effects through 80
days post- inoculation. However, there was no significant difference within the ' 'Lu-
HuE71-1 Aglyco groups in terms of tumor volume during the later time points of the study
with the average tumor volumes for these groups being equivalent within error on Day 80. In
addition, signs of toxicity (weight loss > 80% and petechiae) were observed in 4/8 of the
mice in the highest treatment group (800 puCi, '""Lu-HuE71-1 Aglyco) within the first 2
weeks following treatment. Toxicity was not observed in any of the mice injected with 800
uCi of the non-specific control antibody, which is most likely due to the difference in
clearance/elimination of the tracers. These data suggest that a single dose of 400 uCi '""Lu-
HuE71-1 Aglyco is sufficient to delay tumor growth in this model while avoiding toxicity

issues.

[00370] Taken together, these results demonstrate that the antibodies or antigen binding
fragments of the present technology can detect tumors and inhibit the progression of tumor
growth and/or metastasis. Accordingly, the immunoglobulin-related compositions disclosed
herein are useful for detecting and treating a L1-CAM-positive cancer in a subject in need

thereof.

EQUIVALENTS
[00371] The present technology is not to be limited in terms of the particular embodiments
described in this application, which are intended as single illustrations of individual aspects
of the present technology. Many modifications and variations of this present technology can
be made without departing from its spirit and scope, as will be apparent to those skilled in the
art. Functionally equivalent methods and apparatuses within the scope of the present
technology, in addition to those enumerated herein, will be apparent to those skilled in the art
from the foregoing descriptions. Such modifications and variations are intended to fall within
the scope of the present technology. It is to be understood that this present technology is not

limited to particular methods, reagents, compounds compositions or biological systems,
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which can, of course, vary. It is also to be understood that the terminology used herein is for

the purpose of describing particular embodiments only, and is not intended to be limiting.

[00372] In addition, where features or aspects of the disclosure are described in terms of
Markush groups, those skilled in the art will recognize that the disclosure is also thereby

described in terms of any individual member or subgroup of members of the Markush group.

[00373] As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any listed
range can be easily recognized as sufficiently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters, fifths, tenths, efc. As a non-limiting
example, each range discussed herein can be readily broken down into a lower third, middle

third and upper third, ezc. As will also be understood by one skilled in the art all language

2% 2%

such as “up to,” “at least,” “greater than,” “less than,” and the like, include the number
recited and refer to ranges which can be subsequently broken down into subranges as
discussed above. Finally, as will be understood by one skilled in the art, a range includes
each individual member. Thus, for example, a group having 1-3 cells refers to groups having
1,2, or 3 cells. Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5

cells, and so forth.

[00374] All patents, patent applications, provisional applications, and publications referred
to or cited herein are incorporated by reference in their entirety, including all figures and

tables, to the extent they are not inconsistent with the explicit teachings of this specification.
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CLAIMS
1. An antibody or antigen binding fragment thereof comprising a heavy chain
immunoglobulin variable domain (Vy) and a light chain immunoglobulin variable domain

(VL), wherein:

(a) the Vg comprises a Vg-CDR1 sequence of GYTFTSYWMQ (SEQ ID NO: 53), a
Vu-CDR2 sequence of EINPSNGRTNYNEMFKS (SEQ ID NO: 54), and a Vu-CDR3
sequence of YDGYYAMDY (SEQ ID NO: 55); and/or

(b) the VL. comprises a Vi.-CDRI1 sequence of KSSQSLLYSSNQKNYLA (SEQ ID
NO: 56), a VL-CDR2 sequence of WASTRES (SEQ ID NO: 57), and a V.-CDR3 sequence
of QQYHSYPFT (SEQ ID NO: 58).

2. The antibody or antigen binding fragment of claim 1, further comprising a Fc domain
of an isotype selected from the group consisting of IgG1, IgG2, IgG3, 1gG4, IgAl, IgA2,
IgM, IgD, and IgE.

3. The antibody of claim 2, comprising an IgG1 constant region comprising one or more

amino acid substitutions selected from the group consisting of N297A and K322A.

4. The antibody of claim 2, comprising an IgG4 constant region comprising a S228P
mutation.
5. The antigen binding fragment of claim 1, wherein the antigen binding fragment is

selected from the group consisting of Fab, F(ab’),, Fab’, scFy, and F5.

6. The antibody or antigen binding fragment of any one of claims 1-5, wherein the
antibody or antigen binding fragment binds to an epitope of L1-CAM protein comprising at

least five to eight consecutive amino acid residues of SEQ ID NO: 74.

7. The antibody of any one of claims 1-4 or 6, wherein the antibody is a monoclonal

antibody, chimeric antibody, humanized antibody, or a bispecific antibody.

8. An antibody comprising a heavy chain (HC) amino acid sequence of SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 26, SEQ ID NO: 30, SEQ
ID NO: 42, SEQ ID NO: 46, SEQ ID NO: 49, SEQ ID NO: 51, or a variant thereof having
one or more conservative amino acid substitutions, and/or a light chain (LC) amino acid
sequence of SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID
NO: 25, SEQ ID NO: 29, SEQ ID NO: 41, SEQ ID NO: 45, SEQ ID NO: 50, SEQ ID NO:

52, or a variant thereof having one or more conservative amino acid substitutions.
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The antibody of claim 8, comprising a HC amino acid sequence and a LC amino acid

sequence selected from the group consisting of’

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

10.

-9 and SEQ ID NO:
-9 and SEQ ID NO:

10 and SEQ ID NO

: 51 and SEQ ID NO

10 and SEQ ID NO:
17 and SEQ ID NO:
17 and SEQ ID NO:
18 and SEQ ID NO:
18 and SEQ ID NO:
26 and SEQ ID NO:
30 and SEQ ID NO:
42 and SEQ ID NO:
46 and SEQ ID NO:

49 and SEQ ID NO:

13 (huE71 H1/L1);
14 (huE71 H1/L2);

- 13 (huE71 H2/L1);
14 (huE71 H2/L2);
21 (huE72 H1/L1);
22 (huE72 H1/L2);,
21 (huE72 H2/L1),
22 (huE72 H2/L2),
25 (chE711gG1);
29 (chE72 IgGl);
41 (chE711gG4);
45 (huE711gG4);,
50 (huE71 BsAb); and

- 52 (huE72 BsAb).

An antibody comprising (a) a light chain immunoglobulin variable domain sequence

that s at least 95% identical to the light chain immunoglobulin variable domain sequence

present in any one of SEQ ID NOs: 13, 14, 21, 22, 25, 29, 41, 45, 50 or 52; and/or

(b) a heavy chain immunoglobulin variable domain sequence that is at least 95%

identical to the heavy chain immunoglobulin variable domain sequence present in any one of

SEQ ID NOs: 9, 10, 17, 18, 26, 30, 42, 46, 49, and 51.

11.

An antibody comprising (a) a LC sequence that is at least 95% identical to the LC

sequence present in any one of SEQ ID NOs: 13, 14, 21, 22, 25, 29, 41, 45, 50 or 52; and/or

(b) a HC sequence that is at least 95% identical to the HC sequence present in any one

of SEQ ID NOs: 9, 10, 17, 18, 26, 30, 42, 46, 49, and 51.

12.

The antibody of any one of claims 8-11, wherein the antibody is a chimeric antibody,

a humanized antibody, or a bispecific antibody.
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13. The antibody of any one of claims 8-12, wherein the antibody binds to an epitope of
L1-CAM protein comprising at least five to eight consecutive amino acid residues of SEQ ID

NO: 74 or SEQ ID NO: 75.

14. The antibody of any one of claims 8-13, wherein the antibody comprises an IgG1
constant region comprising one or more amino acid substitutions selected from the group

consisting of N297A and K322A.

15. The antibody of any one of claims 8-13, wherein the antibody comprises an IgG4

constant region comprising a S228P mutation.

16. A recombinant nucleic acid sequence encoding the antibody of any one of claims 8-
15.
17. A recombinant nucleic acid sequence selected from the group consisting of: SEQ ID

NOs: 11, 12, 15, 16, 19, 20, 23, 24, 27, 28, 31, 32, 43, 44, 47 and 48.

18. A host cell or vector comprising the recombinant nucleic acid sequence of claim 16 or
claim 17.
19. A composition comprising the antibody or antigen binding fragment of any one of

claims 1-7 and a pharmaceutically-acceptable carrier, wherein the antibody or antigen
binding fragment is optionally conjugated to an agent selected from the group consisting of
isotopes, dyes, chromagens, contrast agents, drugs, toxins, cytokines, enzymes, enzyme
inhibitors, hormones, hormone antagonists, growth factors, radionuclides, metals, liposomes,

nanoparticles, RNA, DNA or any combination thereof.

20. A composition comprising the antibody of any one of claims 8-15 and a
pharmaceutically-acceptable carrier, wherein the antibody is optionally conjugated to an
agent selected from the group consisting of isotopes, dyes, chromagens, contrast agents,
drugs, toxins, cytokines, enzymes, enzyme inhibitors, hormones, hormone antagonists,
growth factors, radionuclides, metals, liposomes, nanoparticles, RNA, DNA or any

combination thereof.

21. The antibody of any one of claims 1-4, 6 or 7, wherein the antibody lacks a-1,6-

fucose modifications.

22, The antibody of any one of claims 8-15, wherein the antibody lacks a-1,6-fucose

modifications.
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The bispecific antibody of claim 7 or 12, wherein the bispecific antibody binds to T

cells, B-cells, myeloid cells, plasma cells, or mast-cells.

24.

The bispecific antibody of claim 7 or 12, wherein the bispecific antibody binds to
CD3, CD4, CDS, CD20, CD19, CD21, CD23, CD46, CD80, HLA-DR, CD74, CD22, CD14

2

CD15, CD16, CD123, TCR gamma/delta, NKp46, KIR, or a small molecule DOTA hapten.

25.

A method for treating a L1-CAM associated cancer in a subject in need thereof,

comprising administering to the subject an effective amount of an antibody comprising a HC

amino acid sequence and a LC amino acid sequence selected from the group consisting of:

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

-9 and SEQ ID NO:
-9 and SEQ ID NO:

10 and SEQ ID NO

: 51 and SEQ ID NO

10 and SEQ ID NO:
17 and SEQ ID NO:
17 and SEQ ID NO:
18 and SEQ ID NO:
18 and SEQ ID NO:
26 and SEQ ID NO:
30 and SEQ ID NO:
42 and SEQ ID NO:
46 and SEQ ID NO:

49 and SEQ ID NO:

13 (huE71 H1/L1);
14 (huE71 H1/L2);

- 13 (huE71 H2/L1);
14 (huE71 H2/L2);
21 (huE72 H1/L1);
22 (huE72 H1/L2);,
21 (huE72 H2/L1),
22 (huE72 H2/L2),
25 (chE711gG1);
29 (chE72 IgGl);
41 (chE711gG4);
45 (huE711gG4);,
50 (huE71 BsAb); and

. 52 (huE72 BsAb),

wherein the antibody specifically binds to and neutralizes L1-CAM activity.

26.

The method of claim 25, wherein the L1-CAM associated cancer is leukemia,

Ewing’s sarcoma, neuroblastoma, osteosarcoma, glioblastoma multiforme, ovarian cancer,

endometrial cancer, uterine cancer, triple negative breast cancer, melanoma, clear cell renal

cell cancer, pheochromacytoma and paraganglioma, mesothelioma, small cell lung cancer

(SCLC), non- small cell lung cancer, NSCLC, pancreatic ductal cancer, colon cancer,
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pancreatic cancer, hepatocellular carcinoma, gastric cancer, cholangiocarcinoma, carcinoid,
neuroendocrine tumors, gastrointestinal stromal tumor (GIST), pheochromocytoma, glioma,
pancreatic neuroectodermal cancer, pancreatic adenocarcinoma, colorectal cancer, renal cell
carcinoma, tumor blood vessels, chondrosarcoma, esophageal adenocarcinoma,
oligodendroglioma, astrocytoma, ependymoma, pancreatic neuroendocrine carcinoma,
adrenal adenoma, leiomyosarcoma, liposarcoma, granular cell tumor of the ovary,
schwannoma, primitive neuroectodermal tumor (PNET), epitheliod sarcoma,
esthesioneuroblastoma, medulloblastoma, capillary hemangioma, Kaposi sarcoma,
rhabdomyosarcoma, submaxillary salivary gland cancer, or head and neck squamous cell

carcinoma.

27. The method of 25 or 26, wherein the antibody is administered to the subject

separately, sequentially or simultaneously with an additional therapeutic agent.

28. The method of claim 27, wherein the additional therapeutic agent is one or more of
alkylating agents, platinum agents, taxanes, vinca agents, anti-estrogen drugs, aromatase
inhibitors, ovarian suppression agents, VEGF/VEGFR inhibitors, EGF/EGFR inhibitors,
PARP inhibitors, cytostatic alkaloids, cytotoxic antibiotics, antimetabolites,

endocrine/hormonal agents, bisphosphonate therapy agents.
29. A method for detecting a tumor in a subject in vivo comprising

(a) administering to the subject an effective amount of the antibody of any one of
claims 1-15, wherein the antibody is configured to localize to a tumor expressing L1-CAM

and is labeled with a radioisotope; and

(b) detecting the presence of a tumor in the subject by detecting radioactive levels

emitted by the antibody that are higher than a reference value.

30. The method of claim 29, wherein the subject is diagnosed with or is suspected of

having cancer.

31 The method of claim 29 or 30, wherein the radioactive levels emitted by the antibody
are detected using positron emission tomography or single photon emission computed

tomography.

32. The method of any one of claims 29-31, further comprising administering to the
subject an effective amount of an immunoconjugate comprising the antibody of any one of

claims 1-15 conjugated to a radionuclide.
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33.  The method of claim 32, wherein the radionuclide is an alpha particle-emitting

isotope, a beta particle-emitting isotope, an Auger-emitter, or any combination thereof.

34. The method of claim 33, wherein the beta particle-emitting isotope is selected from

the group consisting of %y, v, ¥sr, 165Dy, 186Re, ¥ Re, ""Lu, and “’Cu.
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Figure 3
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Tumor Type n negative| weak | strong | total %(+)
Adrenal gland adenoma 15 93 7 0 7
Astrocytoma 49 94 4 2 6
Benigne nevus 48 96 4 0 4
Cervix carcinoma (squamous) 44 98 2 0 2
Chondrosarcoma 11 82 0 18 18
Colorectal cancer IMA 375 85 2 13 15
[Endometrial carcinoma (serous) 22 95 0 5 5
Ependymoma 12 92 0 8 8
[Epitheloid sarcoma 2 50 50 0 50
Esophageal carcinoma (adeno) TMA 116 84 0 16 16
[Esophageal carcinoma (squamous) TMA 141 98 0 2 2
Esthesioneuroblastoma 2 50 0 50 50
Gastrointestinal stromal tumor 103 44 10 46 56
Granular cell tumor 28 7 0 93 93
Kapillary hemangioma 26 61 12 27 39
K aposi sarcoma 30 67 23 10 33
eiomyosarcoma 129 93 4 3 7
Liposarcoma 104 93 7 0 7
Malignant melanoma 50 76 18 6 24
[Malignant mesothelioma 28 96 4 0 4
Malignant schwannoma 54 80 6 14 20
Medulloblastoma 5 60 40 0 40
Meningeoma 49 98 2 0 2
Mucosa associated lymphoid tissue 49 98 2 0 2
[Neuroblastoma (pediatric) TMA 72 4 7 89 96
[Neurofibroma 43 98 0 2 2
Oligodendroglioma 30 90 10 0 10
Pancreatic adenocarcinoma 111 98 0 2 2
[Pancreatic neuroendocrine carcinoma 63 92 0 8 8
Paraganglioma 10 60 0 40 40
Pheochromocytoma 29 24 17 59 76
Primitive neuroectodermal tumors 24 46 14 40 54
Prostate cancer TMA 3088 99.9 0.03 0 0.03
Schwannoma 44 14 54 32 80
Small lung cancer 49 92 8 0 8
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Figure 6

EFi.-Heawy Thaln (SEQID NO: 1)
YOO PCTELVKPGASYRLIOKASS VRO RPGOGLE W GEINPSNGRT
Y MR S AT T SR R TR MO S Y S E L R Y Y C AL YD YYAMEY WHEOETRTVEE

IGHVI-E-1 {rost bomigols Suenan seguenesl (SEQID NO: 2)
OWOINGSGSELKKPGASVEVEIKAS FSYAMMWYROAPGOGLEWMGWINTNTGN
PTG TERFVEFSL BT TANLO R KATDTAVEAR

EF3-Light Thadn (SEQID NO: 3)
VRIS SPS S AV GER VTSSO VSO MYE AW WIOKPGOSPRLLIVIUASTR
ESGVPRRFTREGES G TR T T SVRAE DL ALYV COOYHEYPFTRGRGTRLEKR

SEEVAE fmost homologois ol segiencef (SEQID NO: 4)
O R T P DS A GE R T K SO I S S MRV AW YOO PO P PFELLIYIAASTERE
SR D SR R T T T R G E TR YW OOV S TRV T FOGTRLE-
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Figure 7

E72-Heavy Chain (SEQID NO: 5)
QE’D{LQQPGAE&*&F\; ASVKLBCRASGY
GRINYN

TS
N R

IERVI-ZY02 {56 3 IGHM B {85 F fﬁmﬂ‘ Homolgous human mfmfnm} (SEQ ID NO: 6)
ﬂ“"i} BRI &&*&&Pﬁa Q‘a*%\\f‘?t:& SREYTFY WVYROARGDOG LEWRGW R
§3§'é5?~*’MELR LRSDDTAVYYLAR

WEQETINTY

EF 2-1ight Chadm (SEQID NO:
DYOATOSSEEFRVELGDRVTITEEASN

PSRERGEGSGRNEYTINTTELIOSE ‘_Fﬁ“mﬁ TELEIKR

BERVI-NEIYOL 73 FIGRI2Y03 8. E fmost homelogeous humen seguenes! (SEQID NO: 8)
EROMTOSPSM SAFNGDRVTITERSN SEASLAY ‘Q“Qﬁ&?ﬁ%n?&i& Y& WERGVE

SRFSGE YFGOGTRLEIRR

5‘10



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645
8/67

Figure 8
huE71-H1 (seqipNo: 9)
QVQLIVQPGDELVKPGASVIKLSCKASGYTFTSYWMOWVKQRPGOGLEWIGEINPSNGR
TNYNEMFKSKAVLSVDKSVSTAYMQLSSLTAEDTAVYYCALYDGYYAMDYWGQGTIVTVS
SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVYHTFPAVEQSS
GLYSLSSVWVTVPSSSLGTOTYICNVNHKPSNTKYDKKVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTUMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVITVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMT
KNQVSLTCLVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSFFLYSKETVDKSRWQQ
GNVFSCSVMHEALHNHYTQKSLSLSPGK

huE71-H2 (seQIp No: 10)
QVQLVQSGSELKKPGASVKLSCKASGYTFTSYWMQWVROAPGOGLEWIGEINPSNGR
TNYNEMFKSRAVLSVDTSVSTAYMOLCSLKAEDTAVYYCALYBGYYAMDYWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQASS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVETVLEHOQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSREEMT
KNQYSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPRPVLDSDGSFRLYSKLTVDKSRWQQ
GNVFSCSYMHEALHNHYTQKSLSLSPGK
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Figure 9

huE71-H1 (SEQID NO: 11)

CAGGRTGLAGUTGGETGAG L CGGLGACEAG TERTGAAG LU (GEIGIL T GTGAAGCTGTCCTGCAAG GCCTUCGGUTACACCT TCACCTCCTALTGGA
TECAGTOGETEAAGCAGEG L (GOICARGELCTEGAGTGEATIGECGAMATT AACCE CTC AACG SCCGEACCAAL TACAACRASATISTICAASTCLC

AAGGLCGTOUTGTCCGTOBACAAGTCCGTG TCCACCGCC TACATGCAGL TG TOC TCL CTGAC G UNGAGGACACCGCU S TETALTACTGLGCC CTG TACGA
CRECTACTACGCCATGGACTACTGGGGLCAGG GLALCC TG GTGACIGTE TCCTCOGLITCL ACCAAGGGCLCATCGGTCT TCLLCC TGS CACCLTECTOCA
AGAGCACCICTGHGEGECACAGUGECCTGEGEC TGO TG G TCAAGGACTACTTCCOGAACCGE TRACGH TG TCGRTGHAAC TCAGGLGLCCTGACCAGT

GGG TRIAC AL TTCLCGGICGTOCTANAG TCU T ARG ACTE TACTE CCTAGCARUATRG TEACCATGOCU TECAGEAGCTTGG G A CCASACCTACAT
CTGCAACGTEAATCACAAGLLCAGUAACALCAAGGTGGACAAGAGAG TTGAGCCCAAMTCTTG TGACAAAACTCACACATG L CACCGTGLICAGLACLT
GAACTCCTGGEGEEACCETCAGTCT TCCICT TCCOCCLAARACCC AR GRACACCCTCATGATC TCCOGGALCCCTEAG GTCACATGCG TG TRGTGGALGT
BAGCCACGAAGALLCTGAGGTCAAG TTCAM TG TACGTGGAC GO G TG EAG G TGCATAATSLCAAGALAAAGLCGLGGGAGIHAGIAGTAL AR CAGCA
CGTACCRTGTGGTCASUGTIL TCACCGTOCTGCA CCAGRACTG G TGAATGGO AAGEAGTACAAGTEL AMGE TUTC CAAC AAA GLCCTCCOAGLCCCCAT

CHRAGAAAACCATCTCCAMAGUCAAAGEGLAGICIC GAGAM CACAGG TG TACADCC TRLOCCCATCC UGG GATAGCTGACC ARG AACCAGRTCAGCCT
GACCTGCCIBGTCAAAGG LT TCTATCOCABCBACATCRC UG TEGAGTGGGAGA GLAATR GGUABL LG BAG AR AACTACAAGACCACGCCTCOCGTGIT
GGAUTCCGACGGUTCCTTE TICCTUTACAGLAAGCTCACCG TG GACAA GAGLAGETGGLAGTAGEG G AACG TCT TUTCATGCTCLG TGATGCATEAGGCT
CTGCACAACCAC TACACGCAGAAGAGCCTCTCOU TG TCTCCGGGTAAATGA

buE?71-H2  (SEQ ID NO: 12)

CAGGTGLAGLTEGTGCAGTIOGHUTCCGAGCTGAAGAAG LG GLGLCTECGTEAAGC TG TCCTGLARGS L TCORGCTACACCT TCACCTLCTACTRGA
TGCAGTHEG TCGGIAGGLLLCIGELCAGGEIL TEGEASG TGGATCGGIGAGATCAALLCCTLCAALGGLCGGALCAB CTALAACGAGATG TICAAGTCLL
GGEARICGTECTETCCGTGRACACC TCNG TR TC CAC LG  TACATG AR TETEUTCIC TG AAG LT GAGGACATCGCCGTE TACTAC TG OGLCC TRTATGAL
GECTACTACGCLATG BACTACTE GGG CAG GG CACCCTG G TG ACC S TG TCCTCCG CCTCCACCAAGG SICCATTSGTCTTCCOCCTG AL CCTCOTCCAA
GAGCACUTCTGEEGGCALAGCGGLCCTRGGITGCCIGG TCAAGGACTACT TCLCCGAL CUEGTGALGG TG TG TR GAACTEAG GLGLCUTGALCAGLG
GCRTGLACACCTTCCCRGCORTCCTACAG TOCTCAGGAC TCTACT CCCTC AGU AR LG TG TRACCG TGO TOCAGCAGCTTEGEIACCCAGACCTACATC
TGCAACG TEAATCACARGCCCAGAALACTAAGSTGGACAAGAGAGT TGAGCCCAAATCT TG TG ACAAAAL TCATALATGLCCACCHTGCCTAGEATCTS
AACTCCTEEGGEEACCGTCAGTCTTCU T TCULCCOARAACCCAAG AT AL CCTUATGAT L TCUL GEACCUU TGAGG TLACATGUGTGG TG GIGGALG TG
AGCCACGAAGACCCTGAGGTCAAGTT A AL TGG TACGTGGACGGLGTRGAGG TG UATAATGC CAAGAC AAAGI UG GGGAGGAGTAGTACAACAGCAL
GTACCETETGG TCASE T CTCACCG TCOTGCACCAGGACTEGC TG ANTGGCAAG GAG TACAAG TGUAAGG TCTCC AR CAAAGC L TCCCAGCCCCCATC
GAGAAAALCATCTCCAAAGLCAA AGGGLAGCILCGAGAATACAGE TG TAL AL C TG CULCAT COGGEATEAGL TEACT AAGA M T AGG TCAGLCTG
ACCTGOCTGGTCAAAGGC TTCTATCLCAGLGACATC GCCGTGGAG T G GAGAGCARTGEGLAGLLGGAGAAC AAC TACAAGA CCACGLCTCCOG TGUTG
GACTCCOACRGCTCCTICTTCCTCTACA S AAGCTCAL LG TEGACAAG AGCAGG TG GLAGCAG GGG AACGTCT TCTCATGLTCOSTGATGCATG AR GCTC
TGCACARICACTACACGCAGRAGAGLCTCTLCCTGICTLNGEGTAAATGA
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Figure 10
huE71-L1 (SEQID NO: 13)

DIVMTQSPSSLAVSVGERVTMSCKSSQSLLYSSNOKNYLAWYQQKPGQSPKLLIYWAST
RESGVPDRFSGSGSGTDFTLTISSVKAEDVALYYCQQYHSYPFTFGQGTKLEIKRTVAAPSY
FIFPPSDEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSL
SSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

huE71-L2 (SEQID NO: 14)
DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSSNQKNYLAWYQQKPGQPPKLLIYWAST
RESGVPDRFSGSGSGTDFTLTISSLOQAEDVALYYCQQYHSYPFTFGQGTKLEIKRTVAAPSY
FIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSL
SSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
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Figure 11

huE71-L1 (SEQID NO: 15)
GACATCGTGATGACCCAGTCCCCCTCCTCCCTGGLCGTGTCCGTGGGLGAGLGGGTGACCATGTCCTGLAAG
TCCTCCCAGTCCCTGCTGTACTCCTCCAACCAGAAGAACTACCTEGLCTGGTACCAGCAGAAGCCCGGCCAGT
CCCCCAAGCTGLTGATCTACTGGGLCTCCACCCGGGAGTCCGGLGTGCCLGACCGGTTCTCCGGLTCCGGLT
CCGGCACCGACTTCACCCTGACCATCTCCTCCGTGAAGGCCGAGGACGTGGCCCTGTACTACTGCCAGCAGT
ACCACTCCTACCCCTTCACCTTCGGCCAGGGLACCAAGLTGGAGATCAAGLGGACCETEGLLGLLLLLTCCG
TGTTCATCTTCCCCOCCTCCGACGAGCAGLTGAAGTCCGOCACCGCLTCCGTGGTGETGLCTGCTGAACAALTT
CTACCCCCGOGAGGCCAAGGTGCAGTGLAAGGTGGACAACGCCCTGCAGTCCGELAACTCCCAGGAGTCC
GTGACCGAGCAGGACTCCAAGGACTCCACCTACTCCCTGTCCTCCACCCTGACCCTGTCCAAGGLCGALTALG

AGAAGCACAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCTGTCCTCCCCCGTGACCAAGTCCTTCAACC
GGGGCGAGTGCTAG

hut71-L2 (SEQID NO: 16)
GACATCGTGATGACCCAGTCCCCCGACTCCCTGGLCGTGTCCCTGGGLGAGCGGGETGACCATGAACTGCAAG
TCCTCCCAGTCCCTGCTGTACTCCTCCAACCAGAAGAACTACCTGGCCTGGTACCAGCAGAAGLCCGGLCAG
CCCCCCAAGCTGCTGATCTACTGGEGCCTCCACCCGGGAGTCCGGLGTGCCCGACCEGTTCTCOGGLTCCGEL
TCCGGCACCGACTTCACCCTGACCATCTCCTCCCTGCAGGLLGAGGACGTGGLLCTGTACTACTGCCAGCAGT
ACCACTCCTACCCCTTCACCTTCGGLCAGGGCACCAAGCTGGAGATCAAGLGGACCOTGGLCGLCCCCTCCG
TGTTCATCTTCCCCCCCTCCGACGAGCAGLTGAAGTCCOGCACCGCCTCCGTGGTGTGCCTGLTGAACAACTT
CTACCCCCOGGAGGCCAAGGTGCAGTGGAAGGTGGACAACGLCCTGCAGTCCGGCAACTCCCAGGAGTCC
GTGACCGAGCAGGACTCCAAGGACTCCACCTALTCCCTGTCCTCCACCCTGACCCTOTCCAAGGCLGACTACG
AGAAGCACAAGGTGTACGCCTGCGAGGTGACCCACCAGGGCCTGTCCTCCCCCGTGACCAAGTCCTTCAALC
GGGGCGAGTGETAG
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Figure 12

huf72-H1 (SEQID NO: 17)

OV O P E ARV P ASVE S CRAS GY TFTG VW MHW YR APGE0G LEW S EINPSN GR
THYNERFE S AT TV DR S TTAF ME LR LSO D TAVYFC ARD G TR Y NFDYWE QG TLLTY
SRS TG PSP LAPS SN ST GO TASL GULVE DYFP EPVTVSW NSG A TS GVHTFRAVLOSS
G Y T B AL GTOTY IO W NHE P N T VDR BV EPRSCDN THTOPPLRABELLE GRS
YFLF PP P DTLM AR TP EV TV VDV SHE DPEVE FRAW YW INEVEY HN 8K TR P REEQUYNS
TYRVSHITWLHO DWW L NGRE VIR VS N L Pa P EXTISK AR GOPREPO VWY TLPPS RDELTE
S T NS Py P N AV EWES NG OPE N YK TTPPVLDS DG SFF LY SR TVDESRW OGS
NYFSCSVMHEA HN HYTDES LSLSPGEK

huE72-Hz (SEQID NO: 18)

QVQIVOPGARKEPGASVE LSCKASGY TFTG VN AMTHIW VRO APGOG LEWIGEINPENGR
THYNERFRSRAT TV SIS TAY MELSR LESDD TAVYFC ARDYYG TRV NFDVWERGTLLTVS
SASTRGPAYFPLAPSEKSTEG GTARLET LVEDYFPERVTVOW NEG ALTSG VHTFPAVLOSS
G S SV TV P ESEL G T T N Y N H Y P N T W DN RY EPY S DK THTC PPOPAPELLG GPS
VFLFP PR PROTLM S RTPE TOVV VDN SHE DPEVRFNW YWD GV EVHN AT P REEDI VNS
TYRYVSUITVLHO WL NGREYROK VE NE A LPAPERTISK A G OPREPQVY TLPPSRDELTY
NV S TGP P DAY EWES NGOPE N NYR TTPPY LDS DG FF IV SRLTVDNSRWOR G
NYFSCSVRHEALHN HYTORS LSLSPGE




CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645
13/67

Figure 13

SSETEH (SEQ ID NO: 19)

R T L L T TR S D T R R TR R TR T S D R D T T R I T T R S e B T T S T S T T A DS TR TG
TG A TEEET RS G A SR TRRE TR \\:'Q"_"Cx‘q‘i‘:ﬁi HTRERS TSR R R R T R iC‘C‘C TTOEA SRR IR COA R U TR S R IS R OEE T TEA SETOC

SR TS T A OO SR T T AT RS ST S TR TR RS TR SR “'\"-‘«G\"_"'ii ST ITTITRIRINASS RE TS

RTINS RN S P S SRR ;E‘?SC“CR.{""?%‘: EC R

LI TERIIETERS L

SRE00a
PR TR A G

ST S S D T T A R RS L S SR RO T TR

5

ARSI OO TERIATITTT

Y

TSRO \Sﬁ"ﬁ AR TR T T RIS S O TR DR TR TR TGS S T RNIRII TSRS D

*ﬁAi:"ﬁimi-‘.\\:»*: SR TR DD TR T S

LA BATOT T RRAE

SRS SIS SSICT

A R A R T R S S T T O R TR T D S T UT i e

SCETITRCAS RS SR SISO TS TS & RNET B
ATTTRS ﬁ{'\{ E\." SRR LR T E T O T RO T T T e s, SC::JN‘:‘."'\ "é{;"‘l_i_i_:ih.éﬁﬁ-\)\».\~.~.~.~.;\\;\h‘-'\,\,\,y TREEE TCA AT RIETRET T TR
éi\?ﬂ&&-‘i\iiﬁl&iﬁ&s~_\=‘-.GD_T>"\=-<AEC LA S ET TS A TR R E TS R R O TRRA GE TR AT ATOI S 6 L8 A8 QDR SRS DS RIS T S 40
B R L R T T e T R L R T T L T TR S D S R L TR T RS ST ORI S EE S S TR S S T S DR T TS S0 25 SOOI TR N AT
TSRS RS S S AT TR RIS S A SRS RS S DS O RS T T O \?\?&D@C T RS TR TR SO SRS S
ST I TR TR T O S S MR T T ST R iEs. ".:‘&'i; LIETORS S TR RS R RAE SRS LSS O TS TN SRR NTE SR TIINS
TTSTE SRS BT Eiﬁ?&ﬁ&i&éﬁé&:ﬁ&&?&ﬁ‘ié&té RERERS S TET T T T AT R TS TR TR S TR,

S ERRTTUTOOETY g'\‘.ti‘i‘&;‘i‘\‘iﬁ&.&é.

ERET Rt Dbt Sh O DR RO

TS
SRRETLS

1]

TR ‘*7‘\:\&@3:'\:\&::;3\3 TLOTTETTIITIN

T
SRCTOTR TS SRS TR OO AR S &

WETIRZ (SEQ ID NO: 20)

\_ré BETRLE RIS “\_é\‘E\‘D:T%E\u_M 3"‘\:\:‘-.-3&\‘33_ BRERATT TR S AT T TR & G T TR W S OO T TS ORI TR I TGS
ETRIAITRRETE BRERCTOLERRI SRR I TRDS ST T ERIES ‘-\“k"'“’ie SOOI MOES SRR BER TS S TR S A TR R DR T LA SETET
R T RS T TR T R S T N T T T T s O T S T R R T T SRR TS R T R RS TR SR S TR TS ST TET IR O S RS TS,
A A T T T T S T T R T T A L A S L T R TR A D R T T T TR T T TR S S R O TS TR T T T O O TR Sy T
TS SR S T T SRR RS S S R R I R R TR S TR TS SRS T TR S TR0 DORS S TS E TR DR TR TR TR s‘i‘\.is‘;\ 0
ﬁ:ﬁt‘i‘\'i\s:"‘\:\ RS T T RS TS ﬁ«@@\@i‘i‘ﬁgﬁ\:\n\:\' R T R TR S D T R L T O S R T T TR R e S S s

A Sagaiitablaslaliins E‘G‘?\"\x L8 AR RS T TR R A A ST T T SRR S A8 T A TS {27 \;e_‘_-‘:&y;' t‘\:t:t_

ST “. Ry : NI 55.‘:"‘\.\ ToRSETLT 280 BTN ;\_\ﬁ A TS R T T D DR T T R N T LA AT R TR E T TR
SOETRA RIS CEE & R IIITRE QR TESET RS LR R TSRS R TR LA TR ATROCS S G D8 S8R \f“ TR RRRIAETELS D

A AN e TR T ToA IR T TR ET -D:TY'{ SRS \_\Eré TR STORCR A S O TR S S R TEC S SRR TIOR8 88 S0 DI TR G

A RIS SRS RO R ST LA N TR I Ca L L TR ST DR SR TR NI TRE TT. -\x.\-\.és.s.'.é‘(:‘iﬁ TE&
4 ,ASZ\Q- IT -"‘"\E‘C‘C RS AT DRI T R A S T RS B B S TR S ST B0 308 R TR S0 S
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Figure 14

huE72-L1  (SEQID NO: 21)

DA TS L PSSV G DRVTITCR ANED N NRL AW YOO PO KPR LLISG ATNLVTG VPSR
G S S T O T TSSO DR VOO WS TP TRS O S TELEIRRT VA APS VRIFPPRDER
LSO TASVVOLLN NEYS RE AKWOW \‘"QNAE_Q@GNS;QESE;?EQQ&&@E?Y&LSSL-TLTL’SKA
CVERHKVYACEVTHOG LASPVTRSFNRGEC

hufF2-12 (SEQID NO: 22)

DM OERRSIEVEVCDRVTITCEANEDI N HR LAWYO DK PG APKL LISGAT VTG VWRER
PG EGEETEYTIN SO PEDFAT WWEOOQVWIETP FTFGO G T ELEI ERT VAAPRVRIFPPRDED
LSO TASWWCLINNFYP REARVOWEKYD NALQSGRNEO ESVTEQD SRRETYEASTIT SRS
CYERHEVWACEVTHOG LSSPYTRSFNRGEC
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Figure 15

wufT241  (SEQID NO: 23)

TR S
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T S 6 g e
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RO G AN aOTSAGETE "

T, ~
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T N I T T e, 3 g ) Jm T 8 PR S TR N T T ST & 0
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W EATT
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S ESCTOOA S S O T O T ORI

#7242 (SEQID NO: 24)

S T e S S A T N O N T T T T T G T O T O T e e e S A TRAIC SUAC SO R8O AGESEER
ST EE R LA e AN Raa GOl SOCASTETE

L T R I . T i e e g N T ' R N —
SR PRSI RN AT SR P N T ECACDRACT AR O SOEN CONGS AT
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Figure 16

chET1-lg61

tight chaje  (SEQID NO: 25)

OO AR O PSR A SV GERV TR CES RS VS SNOE NVLANYOIOEPGOSPR LLIWVWARTERE
VPR TESG A TOFTL THEaWE SE DL AUV O QY HE YPFTF GO0 THL EINRTVAAPIVFRIFR
ST LK S G A L N T VP RE A VO KV D NALOSE NSO ES VT EODSK DS TYELEETLT
LS ADVERHKWYACEV THQ GLESPYTKSENRGED

Heovy chafr  (SEQID NO: 26)

OYWOLOOPCRENKPGCARNVR ISCH ARG YVTRFTEVW MOQWYEORPGOG LR ’ﬂ ENPSNGRY
NN R SR AT TV DR STV LR TR ERS WO AIVDE YVA MBYWIGHGTE VTS
AT PRV P AP ST S G CTAALGL LV OYEP EPVTVEWN G ALTRGVHTIREVLORSGL
R R T RS LT O Y NV N HR PE N TR VIR RV EPRSC O THTCPPLRAPE LLG GPRVEL
PP P DT LM ERT PRV T WV S HEDPF BV P WOV VBG VEVHMN AKTH PR EEQYNSTYRY
VEVITVLHODWLNGE EYRCVERE ALPSPIERTISKARGOPREPOVYTLPPREDE LTRNGVS
ORGP P S DAV R W ESHN GOPE NN YK TTPPYLESDGEFPLVSE [TVRRSRWOGGE NVTRD
SYVMHEALBNBYTORSLIERGK
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Figure 17

. AX“ETCT\‘: CATCOTOOOMAEI TETETONET TE0ARS HA.&\_‘%TF AL
T AR T AT TR T SO TAD A AN S AT CAGEEENETY T\_\_T\\
13 T&:‘-.:\.\%\«T‘h SEEETCITRETIED TT ?S AEEIAR AT‘ Bty T SEEST
A \_33 A \{S"—T\JT\‘\&\\\_\A\_T‘ SRAEROITEEE SN \\?STQT

SEERS ‘-l X SASCERAIIETESNIRT C‘CCT‘: FERE

TCCTECTOMMCAACTTETAC ccocs

AT 'ﬁt‘\_\_‘?ﬁ{' ._'. R \,\%\_T\_.‘S:‘_ YT \LT&‘:_T\_\_ CTETTT
::_::Tu St JGEEIT AN TSTAI TR RET RO AT TAGEEICTETIETC

R (SEQ ID NO: 28)
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COTOTOOCTETIT O ORETASATES
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Figure 18

chE72-Light Chain (SFQIDNO:29)

DM TOSSSSFEVELEDRVTITCRANEDIN NRLAWYOQTPG NEPRLLIGE ATHLYTE VP
SRFEGAGEGE DY TITITALOA EDFAT WL OO W ETR FTFG 56 TELEIRRT VASPSVFIFRPS
DEQLEAG TRSVYCLLNNE YPRE ARVOWE VDN AL SG NSQESYTEQDSKDE TYSLSSTL
TLSKADYERHKYYACEVT HOG LSSPYTKSFNRGELD

chET2-Heavy Chaln-dgist  (SEQIDNO:30)

CNVOLOOPE DEVE PGASVRLACK A5G VTR TSVW MOWVRORPGOG LEWIGEINPSN
G R TN e PR S AT TV DR S S TaY M LSS TR DS AVYYC ALY DG YA MOVINEAQGTS
TS S TG Py P PL AP SR S TG G TAALGC VK DY FRERVT VW NS G ALTSGWHTFRS
LS G S S T PSS S LG TO TV IO NY N HE PR NTR VDR RV EPK SOOI THTC PP PR
FLLGG PV L PP PR P DT LA SRTPEVTC WWVDVEH EDPEVE PN WGV EVHM KT
PREEQVMSTY RV TVLHODW LN GREVEINVENE ALPAPIEK TSN AKGOPREPOYVY
TP PSR TR O T LV ES PV PO D AV EW ES NG OPE N NYR TTPRVLDS DGRFFLYSE
TV DRABWOOGHNYFSCOVMHE S LHMNEYTOKS LS LSPGE
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Figure 19

(SEQ

-Light Chates

T S T A s T T O T O T T OO e T e T T e e O A L R AR TRACD LA SR SAGEITaATERE
EATTTEACRSTORRITRER SO G eSS O T C OO T E SO TRl E s Coa 80TC
TS T e S T T G e N e e T L G e S S A S TR ST S TS AT CT s niss
AT A R T N G T T s TO S IO TTo OO T TR EEOA GO ETSOCE AR S TOSAECEE
FE Q}\:?CCMH‘\M\"M-_\ 3 Q‘E‘m ST TN TR Oa OO TrCOEA s SEraGlTR AGTONGEG ‘J“m_l EER R SRR AR N £

Ta A OO CEAIEOT,
HEAATARCTIORE OO COaoERER
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SEEETETROEIITEOEAMETEA0OCaTOS "5\‘2\: T TR T AR TET YRS e e e CESETRONE

SHETI-Hemvy Theing&E  (SEQID NO: 32)

ua,\_\_"\“ g*‘*‘::m SCABOCTEEEGTS

A T T G AT e TS S TE S AGET

T S EEDT TOTEES \‘\‘5.

L CAGTTROTE s}‘_\.;sng,';; A AGEOTEE ACANEGOTTTE SETEAATIEEAE AEATTA
EOAACEETORTCTANTTAT, &S &54TE GOTST STTEAC TETAGSNS S STCOTEO VNS TS E0T
ORI C T TEACCTEA GG ACTCTRO B ETOTAT T CTETR000RC! TEEACTACTISS
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T EACC&ECEECTTECAAOT \__,\mc.\_\_w._‘vcgeremam; c: TEADCETECS

RO PRI SRR EE IS IR RO R RO SR BT I SN
SEEOSASTT Tl A ST TOALS \.ﬁ»ﬁ*"ﬂ‘" Q\_\.. ‘\..\.M.«.A\‘:\‘:\s\‘l SRR RACCETOSETETS ;
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Figure 20
huEF1-H1t 1 -IgG1 Heavy Chain Sequences

Amino acikd: (SEQID NO: 33)

VOV PGDEDVRPGASYRLSCKASGY T FTSYWMWWKDREPGQGLEWIGEINPSNGR T MY NEMFKSKAVESVIISYSTAY
MOLSSETAED TAYY Y CALY DY YAMDYWGLGTIVTVSSASTHKGREVFPLAPSSKST SGGETAA GUIVKDY FPERVTVEWRNSEG
AL SGVHTFPAVL QS SGLY S LS W IVPSSSL G T T Y ICNVNHKPSNTEVDKRVEPKSCOKTHTCPPCPAPELLGGPSVFLFPR
KPR DT MISRTPEVTOWVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVEVE TWEHODAWENGREYRCKYSM
WAL PAPIEKTISK ARG PREPOVYTLPPSHDEL TRV SLTCLVKGRY PEDIAVEWESNGUPENNYH T TBPVLDEDGSFRLYSK
L TWDKSRWOQGNYFSCSVMHEAL HNEYTOQKSLSLSPGK™

cfxvA: (SEQID NO: 34)

CAGGTGCAGCTGETRCAGTCOGREGACGAGOT GRT GAAGCCCGGL GCOTCUGTRAAGCT GTCOTRUAAGGECTULGS

CYACACCTTCACCTCCTACTLGATCCAGT GG TGAAGCAGCGLLCCGE GEAGTGRATOGECGALRATCAAD
ACY CALCC

CCCTCCAACGGCCGHRACCAACTACAACGAGATGTTCAAGTCUAAGGUIGT UV TCCGTGGACAAGTIOG TR
COVACATGCAGCTGTOCTCOT GATTGCCGAGRACAT CGCCGTGTACTACTGCGIITTGIACGACGGCTAITACGLIATG
GACTACTGGEGEGCCAGGGCACCCTGGTGALLETGTCCTCCGECTCCACTAAGG GLCLATCGETCTICCC CCTGGLACCUY
COTCCAAGAGCACCTCTIGGGEECACAGEGGCCCTGELUTGUITGETCAAGGATTACTICCCCGAACCG L THACGEIGT
COTGEAACTCAGGUGCCCTGACCAGEGGUGTGCACACCT T CECG GECGTCOTACAGTCOTCAG GACTCTACT CCCTCAG
CAGUGTGGETGACOGTGUCCTCCAGUAGCTTGHLGCACCCAGACCTACATCT GLAAC G TGAATCACAAGUCLAGCAACALT
AAGETEGACAAGAGAGTTGAGCUCARATCTVGYGACARAACT CACACATGCCCACCG T GUC CAGLACUTGARATTUCTGE
GGLGACCGTCAGTCTICCT CTFCCCCCCAAAACTCAAGGACACCCTCATGAT CTL L CGGACCCCT GAGGTCALATGLGTG
GIGETGRACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACT GLTACGYGGACGG UG T GRAGGETGCATAATGCCAAG
ACARAGCCGCEHEAGGALGTAGTADAALAGCACGTACC GIGTGGTCAGLGTICTCACCG TCCT GEAC CAGGACTG LT
AATGEGECAAGGAGTACAAGTGCAAGGTOT COAACAAAGTITT CCCAGIITCIATCGAGARAMICATCT CUAMAGCCARAL
GGUAGCCCCGAGAACCACAGHTGTACACTTT G TCAT CCOGGGATGAGCT GACCAAGAACCAG GTCAGLCTGACCY
GCCTGETCAAAGGOT TCTATCCCAGUGACATCGECGTGGAG TGEGAGAGLAATGEECAGEC GGAGAACAACTALAAGA
COACGUUTCICOTROTLEACTCCGACGRUTCCT TCTTCCTCTACAGCAAGTTCAC DG THGACAAGAGTAGGTGHIAGEA
GHGGAACGTCTTCTCATGCT CUGTGATOUATGAGGCTCT GCACAACCACTACACGCAGAAGAGCCTCICCETGY CT GGG
GTALMATGA
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Figure 21

huk71-HIL Y- Heght cheinseguencas

Sminoc goid: (SEQID NO: 35)

S R T R P AR A RV G E RV TR R O AR O R L Y S SN O RN L WY GO P RO P L LY WS TRERGV P DR PR GRS E
SR T R S E B O Y H Y PRI RGOS TR LEI R R TV S PEVHI PPPRDEG ] KRCTASVWILLNNFYFRESRNT
RN DN SO S TR D D T S ST L T L S OV EN WY B AV THO GL S S R TS FNRGEDS

(SEQ ID NO: 36)

S T T S S T OO T T e T S TG TR A GG e TE O AT T T OASSET
ST T G T T OO oA s OO G A S AT TEOOTEROCTSE TS
EE RIS IR E T BRSO EET TOTO O OO TR

A
AL T

R o
SECEOTEAD
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Figure 22
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DN (SEQ ID NO: 38)
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Figure 23

huET2-{H1L N HpG1-tight chain

(SEQ ID NO: 39)

o gkl

£

A

3 PORFRGG

e
T
pR

LEYSGATHLY

KAPK

e

LAWYQORR

=
]
(3]
o,

STET™
TAN
TR

F

ITOSPEELNEVEORY

N

DEGLK

YRARSVRFPRED

N
Y

BYELEWE

e

LLNNF

7

CEVY

3

it

P
§

CEADYVERHRY

SLERTLTLS

N
IR

8

A
§

(SEQ ID NO: 40)
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Figure 24

chET1-ig5a

Light chain  (sEQ D NO: 41)

D AR S P S S A S N eV TR SR S SR L IV SO NV LA OO PLOSPR LLIVWASTRE
SGVPDRETGSEEGTRRT LN ISSVE AED LAY COOVHEYPITRGRG TRLEIRBT VR APSVRIFP
PR KT AL LN NP PRESE VOWR VD NALOS O NBOESVTEORSERSTYSESSTLY
LR AN ERH OO ETHO GLSSBVTRESENR GED

Hegvy chaiv (SEQID NO: 42)

ARG DE R PCASVELRCR ARG YTFTEVW RMOWWRORPGOG mf GEINPRRNGRY
YN E RPN SR AT T VDR ST AR L SR ITS ERS AV A VDG VYA MDYWEOGTEVTVES
A THG PSSV PLAP SRS TSESTAA LG VK DWFPER VTR WNS S ALTSG VHTFPAVLOSSGLY
STV PSS S LG TRV TO VD HR PN TRY D RVESKY G PPUPSCRAPEF LGGPIVFLFPPK
PR LR SR TP T OV DS O E D P E VO WY VDG VEVH NAX TR PREEOFNS TY RVWEY
IMVEHODW ENGREVRCRVENRGLPSSIER TISE AR GOPREPOVWYTLPPSO EEMTRNOVSEIT
NGy PSS A EWES NGO PEN YR TTPPVLDS DG S FLYSRLTVOESRWOEG NV ECRY
MHEALHNHYTORSLSLSEK
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Figure 25

(SEQ ID NO: 43)
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ChHa&in (SEQ ID NO: 44)
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Figure 26
hut71-igG4

Light chain (SEQID NO: 45)
DIVMTQSPSSLAVSVGERVTMSCKSSQSLLYSSNOKNYLAWYQQKPGQSPKLLIYWASTR
ESGVPDRFSGSGSGTDFTLTISSVKAEDVALYYCQQYHSYPFTEFGOQGTKLEIKRTVAAPSVF]
FPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC™

Heavy chain (seQiD No: 46)
QVQLVQPGDELVKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWIGEINPSNGRT
NYNEMEKSKAVLSVDKSVSTAYMQLSSLTAEDTAVYYCALYDGYYAMDYWGQGTLVTVSS
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVELFPPK
PKDTLMISRTPEVTCVVVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTYRVVSY
LTVEHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSV
MHEALHNHYTQKSLSLSLGK
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Figure 27

hukE71-IgG4 Light Chain (SEQ ID NO: 47)
GACATCGTGATGACCCAGTCCCCCTCCTCCCTGGCCGTGTCCGTGGGUGAGLGGGTGACCATGTCCTGCAAGTCCTCCCAGTCCLT
GCTGTACTCCTCCAACCAGAAGAACTACCTGGCCTGGTACCAGCAGAAGLCCGGCCAGTCCCCCAAGCTGLTGATCTACTGGGCC
TCCACCCGGGBAGTCCGGCGTGCLCBACCGGTTCTCCGGCTCCGGCTCCGGLACCGACTICACCCTGACCATCTCCTCCGTGAAGG
CCGAGGACGTGGCCCTGTACTACTGCCAGCAGTACCACTCCTACCCCTTCACCTTCGGCCAGGGCACCAAGCTGGAGATCAAGLG
GACCGTGGLCGCCCLCTCCGTGTTCATCTTCCCCCCCTCCGACGAGCAGITGAAGTCCGGCACCGCCTCCGTGGTGTGCLTGCIG
AACAACTTCTACCCCCGGGAGGCCAAGGTGCAGTGGAAGGTGGACAACGCCCTGLAGTCCGGCAACTCCCAGGAGTCLGTGAC
CGAGCAGGACTCCAAGGACTCCACCTACTCCCTOTCCTCCACCCTGACCCTGTCCAAGGLCGACTACGAGAAGCACAAGGTGTAC
GCCTGCGAGGTGACCCACCAGGGCCTGTCCTCCCCCGTGACCAAGTCCTTCAACCGGGGLGAGTGCTAG

huE71-IgG4 Heavy Chain (SEQ ID NO: 48)
CAGGTGCAGCTGGTGCAGCCLCGGCGACGAGCTGGTGAAGILLGECGLLTCCOTGAAGCTGTCCTGCAAGGCLTCLGGCTACAL
CTTCACCTCCTACTGGATGCAGTGGGTGAAGCAGCGGLCLGGCCAGGGCCTGGAGTGGATCGGCGAGATCAACCCCTCCAALGS
COGGACCAACTACAACGAGATGTTCAAGTCCAAGGLCGTGCTGTCCGTGRACAAGTCLGTGTCCACCGCCTACATGCAGCTETCC
TCCCTGACCGLCGAGGACACCGLCG TG TACTACTGCGLCCTGTACGACGGCTACTACGLCATG GALTACTG GGG CCAGGGCACCC
TGGTGACCGTGTCCTCCGLCTCCACCAAGGGCCCCTCCGTGTTCCCOCTGGLCCCCTGCTCCCGGTCCACCTCCGAGTCCACCGEC
GCCCTGGGCTGECTGGTOAAGGACTACTICCCCGAGCCLGTGACCGTATCCTE GAALTCCG GLGCCCTGACCTCCGGLGTGCAC
ACCTTCCCCGLCGTGCTGLAGTCCTCCGGCCTGTACTCCCTGTCCTCCGTGGTGACCGTGCCCTCCTCCTCCCTGGGLACCAAGAC
CTACACCTGCAACGTGGACCACAAGLCCTCCAACACCAAGGTGGACAAGLGGGTGGAGTCCAAGTACGGCCCCCCCTBCCLCTC
CTGCCCCGCCCCCGAGTICCTGGGCGGLCCCTCCG TG TICCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCTCCCGGACCT
CCGAGGTGACCTECGTEGTGGIGGACGTG TCCCAGGAGGACCCCGAGGTGCAGTTCAACTGGTACGTGGACGGLGTGGAGGTG
CACAACGCCAAGACCAAGCLLCGGGAGGAGCAGTTCAACTCCACCTACCGGGTGGTGTCLGTGLTGACCGTGCTGCACCAGGAL
TGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCCAACAAGGGLCTGCCCTCCTCCATCGAGAAGACCATCTCCAAGGLCAAG
GGCCAGCLCCGGGAGCCCCAGGTGTACACCCTGCCCCCCTCCCAGGAGGAGATGACCAAGAACCAGGTGTCLCTGACCTGLCTG
GTGAAGGGLTTCTACCCCTCCGACATCGCCGTGGAGTGGGAGTCCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCLCCCC
GTGCTGGACTCCGACGECTCCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGTCCCGGTEGCAGGAGGGCAACGTETTCTCCT
GCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGTCCCTGTCCCTGGGLAAGTGA
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Figure 28
Adjusted sensorgram huE71-BsAb
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Figure 29

Antibody kon koff Kd
E71 2.67E+05 1.17E-03 7.36E-09
chCE7 2.55E+05 1.57E-04 6.18E-10
uUJ127 6.77E+04 1.05E-05 1.55E-10
5G3 5.80E+04 1.50E-03 2 45E-08
MAB777 1.68E+04 2.75E-04 1.64E-08
0.N.378 4 19E+04 6.29E-06 1.50E-10
chE71-1gG1 2.27E+05 3.38E-03 1.49E-08
chE71-1gG4 9.25E+04 1.41E-03 1.52E-08
huE71-H1L1 2.21E+05 5.78E-04 2.57E-09
huE71-H1L2 2.07E+05 1.07E-04 5.17E-10
huE71-H2L1 1.98E+05 8.43E-04 4 26E-09
huE71-H2L.2 3.54E+05 9.63E-04 2.72E-09
huE71-1gG1 2.27E+05 3.38E-03 1.49E-08
huE71-1gG1n 7.58E+04 2.94E-03 3.88E-08
huE71-1gG4 9.25E+04 1.41E-03 1.52E-08
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Figure 30

Antibody kon koff Kd
E71 2 44E+05 7.67E-05 3.14E-10
E72-H1L1 2.06E+05 1.84E-05 8.93E-11
E72-H1L2 1.17E+05 2.95E-05 2.52E-10
E72-H2L1 2.40E+05 8.46E-05 3.53E-10
E72-H2L.2 2.11E+05 1.13E-04 5.36E-10
chE72 1.65E+05 1.38E-04 8.36E-10
chCE7 1.19E+05 1.69E-04 1.42E-09
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Figure 31

Antibody kon koff Kd
E72-H1L1 3.15E+05 3.60E-05 1.14E-10
E72-H1L2 1.79E+05 4.84E-05 2.70E-10
E72-H2L1 3.07E+05 1.09E-04 3.55E-10
E72-H2L.2 2.10E+05 1.40E-04 6.67E-10

chE72 3.26E+05 1.57E-04 4.82E-10

chCE7 1.46E+05 1.90E-04 1.30E-09
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Figure 32

Mesothelioma MOPC 21 E71
JMN 5 29
MESO 9 5 48
MESO 10 5 40
MESO 11 5 160
MESO 34 5 565
MESO 47 5 233
MSTO 5 28

MSTO-21H 5 5
NCI-H2052 5 21
VAMT 5 103




CA 03067351 2019-12-13

WO 2018/232188 33/67 PCT/US2018/037645
Figure 33
Tumor Type Cell line name Rituxan huE71-IgG1n

ALL 8402 4 4
ALL HPB-T 5 4
AML THP-1 5 3
AML ACC 104 M-07e 5 4

breast CA AUS6S5 5 13

breast CA HTB24 6 71

breast CA HTB25 5 48

breast CA HCC1954 5 37

breast CA MCF7 5 79
CRC SW480 5 66
EWS CHP-100 5 19
EWS TC32 5 5
EWS SKERT 5 272
EWS SKELP 5 10
EWS 5838 5 18
EWS A4573 5 91
EWS SKES-1 5 87
EWS SKEAW 5 5
EWS SKEPR 3 1
EWS TC71 5 14
EWS SKEFM 5 3
EWS SKNMC 5 79




CA 03067351 2019-12-13

WO 2018/232188 34/67 PCT/US2018/037645
Figure 34
Tumor Type Cell line name Rituxan huE71-IgG1n

HNSCC UM SCC 22B 5 9
melanoma M14 5 13

melanoma SKMEL28 5 726
melanoma HTB67 5 6

NB SKNCM 5 112

NB IMR32 LUC 4 72

NB LAN-1 6 97

NB SKNMM LUC 4 457
osteosarcoma RG143B 5 20

osteosarcoma U208 5 171
osteosarcoma CRL1427 5 6

rhabdomyosarcoma RH30 5 439

rhabdomyosarcoma RH41 5 127

rhabdomyosarcoma RH48 5 172
rhabdomyosarcoma HTBS2 5 5

rhabdomyosarcoma RH28 5 199
rhabdomyosarcoma RH36 5 84
SCLC NCI-HS82 5 15
SCLC NCI-H69 4 5
SCLC NCI-H345 3 6

SCLC NCI-H524 3 22
submaxillary salivary gland HTB-41 A253 5 31
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Figure 35
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Figure 36

Amlno acnd sequence of huE7 1 BsAb Heavy Chaln (SEQ ID NO 49)

S ASTKGPSVFPLAPS SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT SGVHTFPAVLQ S SG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSV
FLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTY
RVVSVLTVLHQDWLNGKEYKCAVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

Amlno acid sequence of huE71-BsAb Light Chain - huOKT3scFv (SEQ ID NO: 50)

QOYHIYE ¢ RTVAAPSVF
IFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGECTSGGGGSGGGGSGGGGSQVQLYV
QSGGGVVQPGRSLRLSCKASGYTFTRY TMHW VRQAPGKCLEWIGYINPSRGYTNYNQKF
KDRFTISRDNSKNTAFLQMDSLRPEDTGVYFCARYYDDHYSLDYWGQGTPVTVSSGGGGS
GGGGSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCSASSSVSYMNWY
QQTPGKAPKRWIYDTSKLASGVPSRFSGSGSGTDY TFTISSLQPEDIATYYCQQWSSNPFTF
GCGTKLOQITR

,,,,,,, X

Amlno acnd sequence of huE72-BsAb Heavy Chaln (SEQ ID NO 51)

S ASTKGPSVFPLAPS SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS SG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSV
FLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTY
RVVSVLTVLHQDWLNGKEYKCAVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

Amlno acnd sequence of huE72-BsAb nght Chaln huOKT3scFv (SEQ ID NO: 52)
! TOSPSSLS SRRV LA WOKE WLLENGATNLVTGVYRSR
N\ TY §\TVAAPSVFIFPPSDEQ
LKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGECTSGGGGSGGGGSGGGGSQVQLVQSGGGVV
QPGRSLRLSCKASGYTFTRYTMHWVRQAPGKCLEWIGYINPSRGYTNYNQKFKDRFTISR
DNSKNTAFLQMDSLRPEDTGVYFCARYYDDHYSLDYWGQGTPVTVSSGGGGSGGGGSGG
GGSGGGGESGGGEGESGGGGSDIQMTQSPSSLSASVGDRVTITCSASSSVSYMNWYQQTPGKA
PKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQWSSNPFTFGCGTKLQI
TR
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Figure 37
kon (1/Ms) Kogr (1/5) Kp=kot'kon (M)
mouse E71-1gG1 8.93E+04 1.99E-04 2.23E-09
huE71-1gG1 7.03E+04 3.25E-04 4.62E-09
huE71-BsAb 6.58E+04 3.39E-04 5.15E-09
chimeric E72-1gG1 1.97E+05 1.24E-04 6.29E-10
huE72-1gG1 7.40E+04 1.39E-04 1.88E-09
huE72-BsAb 3.58E+04 1.89E-04 5.28E-09
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Figure 40
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Figure 41
neuroblastoma NB1691 742 31 31
neuroblastoma BE(1)N 614 16 14
neuroblastoma BE(2)C 608 50 50
neuroblastoma SKNMM LUC 598 94 71
neuroblastoma IMR32 LUC 285 62 50
neuroblastoma NMB7 224 56 46
neuroblastoma BE(2)S 166 251 251
neuroblastoma SKNSH 23 158 158
melanoma SKMELS 269 20 27
melanoma SKMEL?28 184 150 140
breast CA HTB24 431 56 27
breast CA HTB26 33 56 56
breast CA MCF7 54 158 100




WO 2018/232188

1000+

sion (ME

CA 03067351 2019-12-13

44/67

huE71-BsAb

& 5
* * ® »

PCT/US2018/037645

1000 ;

on (MED

"iﬁﬁ‘;

L1CAM erepress

EC50 (phdy

Figure 42(A)

hukE72-BsAb

* % e
-

10

i) ¥ LUMAAE B BAR' B 2 &

i
Figure 42(B)



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645
45/67
Figure 43
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Figure 44
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Figure 45
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Figure 46
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Figure 50
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Figure 51
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Figure 53
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Figure 54
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Figure 55
HuET14  HuET1-1 MAGE v HuET1-1 WT HUET1-1
MAGE Blocked HUEZ1-1 WY Blocked  DUETTIAglyce o Blocked

Blood 487 0.88

Heart 4860 Q.77

Liver 709 .88

252

Stomach

Small Bowel

Cvary 336 0.50

Bone 0.88

Lymph 1716 D41

Tail 1.57

0.42

0.86

9.35

388

037

5.72 2.14

18.83 .95

.50

1.30

.88

4.56 0.44 7.8 1.57

11.08 1.00 1388 1

386 3.28 0.88

4.78 0.81 547 171

16.86 1.28 19.2% .66
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Figure 57
HUE71-4 WY ‘ HUET 14 Mutant
HUET1 4 WY Bimeked HUET14 Mutant ocked HuCtri-g WY

Blood 3.53 .63

Heaart 278 .25

0.28

Stomach

Small Bowel 2,36 0.44

Ovary 3.31 0.88

Bone 148 {3.30

Lymph 399 0487

Tail 150 08

5.88 1.24 5.86 .18 7.35 .15 7.32 £.49

3.37 1.03 5.34 0.79 7.96 .72 7.08 0.93

3.81

049 §.01

2.75 .46 3.64 0.67 348

316 Q.85

.80 .31

0.78

.62 2.89 1.38

1.80 Q.53 272 0.58 384 1.34 3.7 1.35

3.15 1.03 2.95 .44 4.23 056 4.890 0.44

1.88 0.18 430 §:82 3.57 1.08 2488 .79
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Figure 59(A)
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Figure 60
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Figure 61

ADCC assay
Targetcells :LAN-1cells

huE71 1gGl1n
30 -
25
20
15 huE71 1gG1
-
.

10 - SRR T~

o~
o : . :

j 3001 il i

Antibody concentration {ug/mi}



CA 03067351 2019-12-13

WO 2018/232188 PCT/US2018/037645
67/67

Figure 62
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