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Provided are specific binding molecules, or fragments
thereof, that bind to an epitope of IL13Ra2, a receptor
polypeptide preferentially found on the surface of cancer
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providing a second function providing a signaling function
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bispecific binding molecule), vectors, host cells, pharma-
ceutical compositions and methods of preventing, treating or
ameliorating a symptom associated with a cancer disease
such as a solid tumor disease (e.g., glioblastoma multi-
forme).
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CAR T-CELLS RECOGNIZING
CANCER-SPECIFIC IL 13RA2

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 15/545,950 filed Jul. 24, 2017, which is a
national phase application under 35 U.S.C. § 371 of Inter-
national Application No. PCT/US2016/014985 filed Jan. 26,
2016, which claims the priority benefit under 35 U.S.C. §
119(e) of Provisional U.S. Patent Application No. 62/107,
980, filed Jan. 26, 2015 and Provisional U.S. Patent Appli-
cation No. 62/245,771, filed Oct. 23, 2015, the disclosures of
which are incorporated herein by reference in their entire-
ties.

INCORPORATION BY REFERENCE OF
MATERIAL SUBMITTED ELECTRONICALLY

This application contains, as a separate part of the dis-
closure, a Sequence Listing in computer-readable form
which is incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

The disclosure relates generally to the fields of cancer
biology and to molecular antibody-receptor technology.

BACKGROUND

Cancer is a major threat to human and non-human animal
health, leading to reduced quality of life and, in too many
cases, death. The burden placed on national, regional and
local healthcare organizations to treat and prevent the vari-
ous forms of cancer is significant in terms of the resources
and manpower required. One of the main weapons verte-
brates, including humans, have to combat disease is a
functioning immune system. A brief consideration of immu-
notherapies to treat or prevent cancer might lead one to
conclude that the effort held out little hope of success
because immune systems guard against foreign, or non-self,
materials and cancer cells arise from within, i.e., they are
self materials. Continued progress in our understanding of
cancer and immunology is modifying that view, however.

Mutant antigens are powerful targets for tumor destruc-
tion, e.g., in mice, and tumor-infiltrating lymphocytes tar-
geting these mutations cause durable tumor regression in
patients. Nevertheless, non-mutant antigens have been pre-
sumed by many scientists to be cancer-specific or “relatively
cancer-specific” and safe antigens for vaccine approaches.
However, adoptively transferred T cells can be orders of
magnitude more effective and destructive than vaccinations.
As a result, targeting MAGE-A3, HER-2 or CEA with T
cells has caused death or serious toxicity in clinical trials
now halted (8-11). As was shown in 2002, cancer cells with
extremely high or very low expression levels of a target
antigen differ only in the induction of immune responses, but
not at the effector phase (15).

The high affinity interleukin-13 receptor 0.2 (IL13Ra2) is
selectively expressed at a high frequency by glioblastoma
multiforme (GBM) as well as several other tumor types. One
approach for targeting this tumor-specific receptor utilizes
the cognate ligand, IL-13, conjugated to cytotoxic mol-
ecules. This approach, however, lacks specificity because
the lower affinity receptor for I1L-13, IL13Ral, is widely
expressed by normal tissues.
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Most human cancers lack specific antigens that are pre-
dictably present and serve as effective targets for eradication
by T cells. Every cancer cell type harbors a unique set of
mutations causing different tumor-specific antigens. Identi-
fying an effective unique antigen and isolating an appropri-
ate TCR for transduction of autologous T cells for adoptive
immunotherapy is still difficult despite the enormous tech-
nological progress being made. Adoptive immunotherapy
using antibodies or T cells is clinically as well as experi-
mentally the most effective immunotherapy, at least when
clinically relevant cancers are considered (22). The remark-
able success of adoptive immunotherapy with chimeric
antibody receptors (CARs) and bispecific T cell engaging
proteins (BiTEs) is, however, largely restricted to those
specific for CD19/CD20-eradicating B cell malignancies
and normal B cells in patients, i.e., hematopoietic cancers.
Thus, there is a need to identify shared, yet tumor-specific,
antigens on a wide range of solid tumors, and a concomitant
need to develop prophylactics and therapeutics that can
diagnose, prevent, treat or ameliorate a symptom of these
cancers, along with methods for diagnosing, preventing and
treating various cancers.

SUMMARY

Disclosed herein are T cells expressing a chimeric antigen
receptor (i.e., CAR) that specifically recognizes and binds to
the o2 Interleukin 13 Receptor (i.e., IL13Ra2). The
IL13Ra2-specific CARs, generally referred to herein as
47-CARs, when expressed in T cells effectively target and
kill IL13Ra2-positive target cells. Also disclosed is evi-
dence establishing that 47-CARs with a short spacer region,
or SSR (i.e., 47-CAR.SSR), exhibit greater capacity to
induce IL2-production in an antigen-dependent manner.
Further disclosed herein is experimental evidence that
47-CAR.SSR T cells have potent anti-tumor activity in vivo.

The disclosure provides (i) the sequences of heavy (SEQ
ID NO:7) and light (SEQ ID NO:8) chain variable regions
of a monoclonal antibody (i.e., the clone 47 antibody)
specifically targeting human tumor-associated antigen,
IL13Ra2, and (ii) data demonstrating the functionality of
the protein encoded by the heavy and light chain cDNAs in
the format of an scFv antibody or fusion to other functional
moieties. The sequences of the heavy and light chain con-
stant regions were also determined and were found to be
identical to the corresponding sequences in Genbank Acc.
No. DQ381544.1. In particular, the CH1 sequence of the
clone 47 antibody is set forth in SEQ ID NO:104, CH2 in
SEQ ID NO:105 and CH3 in SEQ ID NO:106; the light
chain constant region sequence of the clone 47 antibody is
set forth in SEQ ID NO:107; and the hinge region of the
clone 47 antibody in SEQ ID NO:108. The heavy and light
chain can be arranged in different formats, such as single-
chain antibody, diabodies, bi- and tri-specific antibodies,
fusions with therapeutic proteins and other moieties, human
or humanized whole antibodies as well as human or human-
ized Fab fragments and other functional derivatives. The
single-chain antibody or other arrangements of the protein
encoded by the heavy and light chains, e.g., a bispecific
binding molecule, may be expressed and conjugated to
therapeutic carriers (e.g., viruses, cells, nanomaterials) for
specific delivery of therapeutic to IL13Ra2-overexpressing
tumors or for imaging tumor burden.

Proteins expressed by tumor cells but not by normal cells
are attractive molecules for the selective delivery of cyto-
toxic molecules. Accordingly, interleukin-13 receptor o2
(IL13Ra2), the high affinity receptor for interleukin-13
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(IL-13), is a promising candidate. IL.13Ra2 is expressed at
a high frequency in the aggressive and incurable form of
primary brain tumor known as glioblastoma multiforme
(GBM) (1-3), as well as by other solid tumors (4). In
contrast, normal tissues express little to no IL13Ra2, with
the exception of the testes (6). Notably, IL13Ra.1, a different
receptor with low affinity for 1L-13, is expressed ubiqui-
tously by many tissues (7-9), making it a poor candidate for
selective targeting of tumor-specific immunotherapeutic
applications.

Several studies have investigated the therapeutic proper-
ties of an 1L.-13 fusion protein conjugated to a recombinant
cytotoxin derived from Pseudomonas exotoxin A (IL-13PE)
that induces apoptosis in IL13Ra2-expressing glioma cells
in vitro, in preclinical animal models, and in patients tested
in clinical trials (17-22). Such agents, however, lack a high
specificity of interaction with IL13Ra2 because they alter-
natively bind to the ubiquitously expressed IL.13Rca.1. There-
fore, developing highly selective antibody fragments that
can be combined with effectors (e.g., T-cells, toxins) for
specificity to IL13Ra2-expressing cells is expected to yield
therapeutically beneficial results.

The disclosure captures the tumor specificity of IL13Ra.2
by providing protein binding partners specific for IL13Ra2,
rather than mimicking 1113 itself, which would result in a
molecule exhibiting a capacity to bind to both IL13Ral and
IL13Ra2. In addition, the disclosure provides a polynucle-
otide encoding one of these cancer-specific IL13Ra2 bind-
ing partners, including polynucleotides comprising codon-
optimized coding regions for binding partners specific for an
epitope of one of these IL13R a2 binding partners. Expressly
contemplated are fusion proteins or chimeras that comprise
an IL13Ra2 binding partner as defined above in operable
linkage to a peptide providing a second function, such as a
signaling function of the signaling domain of a T cell
signaling protein, a peptide modulator of T cell activation or
an enzymatic component of a labeling system. Exemplary T
cell signaling proteins include 4-1BB (CD137), CD3Z, and
fusion proteins, e.g., CD28-CD3( and 4-1BB-C3C. 4-1BB
(CD137) and CD28 are co-stimulatory molecules of T cells;
CD3C is a signal-transduction component of the T-cell
antigen receptor. In certain embodiments, the IL13Ra2-
specific CAR may be expressed in two fragments that are
inactive without the addition of an exogenous substance. By
way of non-limiting example, the CAR would consist of two
molecules: 1) the first molecule would contain the IL13Ra.2-
specific scFc, a hinge, a transmembrane domain, a costimu-
latory domain, and a heterodimerizer domain (Exto-TM-
HD), and 2) the first molecule would contain a
transmembrane domain, a costimulatory domain, a heterodi-
merizer domain, a CD3C activating domain (Cyto-HD) (Wu
et al; Science. 2015 Oct. 16; 350(6258):aab407). Expression
of Exto-TM-HD and Cyto-HD in cells would result in an
inactive IL13Ra.2-CAR unless a small molecule, for
example but not limited to, a rapalog A/C Heterodimerizer
is added that links Exto-TM-HD and Cyto-HD, allowing for
pharmacological control of IL13Ra2-CAR activity. The
peptide or protein providing a second function may provide
a modulator of T cell activation, such as IL15, IL15Ra., of
an IL15/IL15Ro fusion, or it may encode a label or an
enzymatic component of a labeling system useful in moni-
toring the extent and/or location of binding, in vivo or in
vitro. Agent encoding these prophylactically and therapeu-
tically active biomolecules placed in the context of T cells,
such as autologous T cells, provide a powerful platform for
recruiting adoptively transferred T cells to prevent or treat a
variety of cancers in some embodiments of the disclosure.
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Codon optimization of the coding regions for binding part-
ners specific for epitopes found on cancer cells provides an
efficient approach to delivery of the diagnostic, prophylactic,
and/or therapeutic proteins disclosed herein.

In one aspect, the disclosure provides an Interleukin 13
Receptor a2 (IL13Ra2) binding partner comprising the
antibody heavy chain variable fragment (V,,) complemen-
tarity determining region 1 (CDR1) of SEQ ID NO:1, the V,,
CDR2 of SEQ ID NO: 2, the V; CDR3 of SEQ ID NO: 3,
the light chain (V) complementarity determining region 1
(CDR1) of SEQ ID NO: 4, the V, CDR2 of SEQ ID NO: 5,
and the V,; CDR3 of SEQ ID NO: 6, wherein the IL13Ra2
binding partner specifically binds to an epitope of IL13Ra2.
In some embodiments, the V,, sequence is set forth as SEQ
ID NO: 7 and in some of the same and some different
embodiments, the V; sequence is set forth as SEQ ID NO:
8.

A related aspect of the disclosure provides a bispecific
binding molecule comprising a fragment of the IL13Ra2
binding partner described herein that binds to the IL13Ra2
epitope covalently linked to a peptide providing a second
function to form a bispecific binding molecule. In some
embodiments, the second function of the peptide is selected
from the group consisting of a signaling function of the
signaling domain of a T cell signaling protein, a peptide
modulator of T cell activation, and an enzymatic component
of a labeling system. In some embodiments, the fragment is
a single-chain variable fragment (scFv), which may be
contained within a bi-specific T-cell engager (BiTE) or a
chimeric antigen receptor (CAR). Some embodiments are
provided wherein the bispecific binding molecule as
described herein is conjugated to a therapeutic carrier.

Another aspect of the disclosure is drawn to a pharma-
ceutical composition comprising the IL13Ra2 binding part-
ner as described herein and a pharmaceutically acceptable
carrier, adjuvant or diluent.

A related aspect provides a kit comprising the pharma-
ceutical composition described herein and a protocol for
administration of the composition. Also related is an aspect
providing a polynucleotide encoding the IL.13Ra2 binding
partner as described herein and a vector comprising the
polynucleotide as described herein. Yet another aspect is
directed to a host cell comprising the polynucleotide
described herein or the vector described herein.

Yet another aspect of the disclosure provides a method of
preventing, treating or ameliorating a symptom of a cancer
disease comprising administering a therapeutically effective
amount of the pharmaceutical composition as described
herein. In some embodiments, the cancer is a solid tumor,
such as a glioblastoma multiforme (GBM). In some embodi-
ments, the cancer is treated by inhibiting the growth rate of
the solid tumor. In some embodiments, the symptom ame-
liorated is pain.

More particularly, one aspect of the disclosure is drawn to
an IL13Ra2-specific chimeric antigen receptor (CAR) com-
prising: (A) each of the amino acid sequences of: NYLMN
(SEQ ID NO: 1); RIDPYDGDIDYNQNFKD (SEQ ID NO:
2); GYGTAYGVDY (SEQ ID NO: 3); RASESVDNYGIS-
FMN (SEQ ID NO: 4); AASRQGSG (SEQ ID NO: 5); and
QQSKEVPWT (SEQ ID NO: 6), (B) a hinge region, (C) a
transmembrane domain, and (D) an endodomain comprising
a signaling domain a CD3 zeta chain and a signaling domain
of CD28. In some embodiments, the endodomain further
comprises a signaling domain of one or more of: CD137,
CD134, CD27, CD40, ICOS, and Myd88, optionally,
wherein the endodomain comprises one or more of the
amino acid sequences of SEQ ID NOs: 68, 70, 72, 74, 76,
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and 78. In some embodiments, the hinge region comprises
the amino acid sequence of SEQ ID NO: 35 or SEQ ID NO:
37. In some embodiments, the IL13Ra2-specific CAR com-
prises a transmembrane domain of CD28. In some embodi-
ments, the IL13Ra2-specific CAR comprises the amino acid
sequence of SEQ ID NO: 39. In some embodiments, the
CD3 zeta chain signaling domain comprises the amino acid
sequence of SEQ ID NO: 41. In some embodiments, the
IL13Ra2-specific CAR comprises the amino acid sequence
of SEQ ID NO: 47. In some embodiments, the IL13Ra2-
specific CAR comprises the amino acid sequence of SEQ ID
NO 49 or 51. In some embodiments, the IL.13Ra2-specific
CAR comprises one or both of the amino acid sequences of
SEQ ID NO: 7 and/or SEQ ID NO: 8. In some embodiments,
the IL13Ra2-specific CAR of claim 9, wherein the amino
acid sequence of SEQ ID NO: 7 is fused to the amino acid
sequence of SEQ ID NO: 8 through a linker. In some
embodiments, the linker comprises the amino acid sequence
of EEGEFSEAR (SEQ ID NO 10). In some embodiments,
the IL13Ra2-specific CAR comprises the amino acid
sequence of SEQ ID NO: 13. In some embodiments, the
IL13Ra2-specific CAR comprises the amino acid sequence
of SEQ ID NO: 53 or SEQ ID NO: 55.

In a related aspect, the disclosure provides a nucleic acid
encoding any of the IL13Ro2-specific CARs disclosed or
described herein. In some embodiments, the nucleic acid
comprises the sequence of SEQ ID NO: 34, 36, 38, 40, 42,
44, 46, 48, 50, 52, 54, 56, or 65.

In yet another aspect, the disclosure provides a vector
comprising a nucleic acid disclosed or described herein. In
some embodiments, the vector is a retroviral vector.

In another aspect, the disclosure provides a host cell
comprising a vector disclosed or described herein. In some
embodiments, the host cell is a human host cell. In some
embodiments, the host cell is a T-lymphocyte. In some
embodiments, the host cell is a natural killer cell.

In a related aspect, the disclosure provides a cell popu-
lation comprising a host cell disclosed or described herein.
In some embodiments, the cell population comprises at least
107 host cells.

Another aspect is drawn to a pharmaceutical composition
comprising an IL13Ra2-specific CAR as disclosed or
described herein, a nucleic acid as disclosed or described
herein, a vector as disclosed or described herein, a host cell
as disclosed or described herein, or a cell population as
disclosed or described herein, and a pharmaceutically
acceptable carrier.

Another aspect of the disclosure provides a method of
treating a cancer in a subject, comprising administering to
the subject a cell population as disclosed or described herein,
in an amount effective to treat the cancer in the subject. In
some embodiments, the cancer is colon cancer. In some
embodiments, the host cells of the cell population are cells
obtained from the subject. In some embodiments, the cells
obtained from the subject are T-lymphocytes. In some
embodiments, the cells obtained from the subject are natural
killer cells.

Another aspect of the disclosure provides an IL13Ra2-
specific chimeric antigen receptor (CAR) comprising: (A) an
ectodomain comprising each of the amino acid sequences of:
(i) NYLMN (SEQ ID NO: 1); (i) RIDPYDGDI-
DYNQNFKD (SEQ ID NO: 2); (III) GYGTAYGVDY (SEQ
ID NO: 3); (iv) RASESVDNYGISFMN (SEQ ID NO: 4);
(v) AASRQGSG (SEQ ID NO: 5); and (vi) QQSKEVPWT
(SEQ ID NO: 6); (B) a spacer region; (C) a transmembrane
domain; and (D) an endodomain selected from the group
consisting of CD3.T, CD28.T, CD28.0X40.¢, CD28.41BB.¢
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and 41BB.C. In some embodiments, the spacer region com-
prises no more than 100 amino acids, or no more than 50
amino acids, or no more than 25 amino acids, or the spacer
region comprises SEQ ID NO:103 (PKSCDKTHTCPPCPA-
PEL) from the IgG1 hinge region. In some embodiments, the
transmembrane domain comprises the transmembrane
domain of CD28, such as a transmembrane domain com-
prising the amino acid sequence of SEQ ID NO:39, or
CD8o.. In some embodiments, the endodomain further com-
prises a signaling domain of one or more of: CD137, CD134,
CD27, CDA40, ICOS, and Myd88. In some embodiments, the
endodomain comprises one or more of the amino acid
sequences of SEQ ID NOs: 68, 70, 72, 74, 76, and 78. In
some embodiments comprising the CD3 zeta chain signaling
domain, the IL13Ra2-specific CAR comprises the amino
acid sequence of SEQ ID NO: 41. In some embodiments, the
IL13Ra2-specific CAR comprises the amino acid sequence
of SEQ ID NO: 47. In some embodiments, the IL13Ra2-
specific CAR comprises the amino acid sequence of SEQ ID
NO 49 or 51. In some embodiments, the IL.13Ra.2-specific
CAR comprises one or both of the amino acid sequences of
SEQ ID NO: 7 and/or SEQ ID NO: 8.

The disclosure also contemplates embodiments wherein
the amino acid sequence of SEQ ID NO: 7 is fused to the
amino acid sequence of SEQ ID NO: 8 through a linker. In
some embodiments, the linker comprises the amino acid
sequence of EEGEFSEAR (SEQ ID NO 10). In some of
these embodiments, the IL13Ra2-specific CAR comprises
the amino acid sequence of SEQ ID NO: 13. In some
embodiments, the IL13Ra2-specific CAR comprises the
amino acid sequence of SEQ ID NO: 53 or SEQ ID NO: 55.

Another aspect of the disclosure is drawn to a nucleic acid
encoding the IL13Ra2-specific CAR disclosed herein. In
some embodiments, the nucleic acid comprises the sequence
of SEQ ID NO: 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56,
and 65.

Still another aspect of the disclosure is drawn to a vector
comprising the nucleic acid disclosed herein. In some
embodiments, the vector is a retroviral vector.

Yet another aspect of the disclosure is a host cell com-
prising the vector disclosed herein. In some embodiments,
the host cell is a human host cell. In some embodiments, the
host cell is a T-lymphocyte or a natural killer cell. In some
embodiments, the cells obtained from the subject are T cells,
and/or other lymphocytes including, but not limited to, NKT
cells, yd T cells, mucosa associated invariant T cells or
MAIT cells, and innate lymphoid cells. In addition, stem
and/or progenitor cells may be obtained from the subject that
are subsequently differentiated into the aforementioned
immune cells.

Another aspect of the disclosure is a cell population
comprising the host cell disclosed herein. In some embodi-
ments, the cell population comprises at least 107 host cells.

In another aspect, the disclosure provides a pharmaceu-
tical composition comprising an IL.13Ra2-specific CAR as
disclosed herein, a nucleic acid as disclosed herein, a vector
as disclosed herein, a host cell as disclosed herein, or a cell
population as disclosed herein, and a pharmaceutically
acceptable carrier.

Yet another aspect of the disclosure is a method of treating
a cancer in a subject, comprising administering to the subject
a cell population as disclosed herein, in an amount effective
to treat the cancer in the subject. In some embodiments, the
cancer is colon cancer. In some embodiments, the host cells
of the cell population are cells obtained from the subject. In
some embodiments, the cells obtained from the subject are
T cells, and/or other lymphocytes including, but not limited
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to, NKT cells, y0 T cells, mucosa associated invariant T cells
or MAIT cells, and innate lymphoid cells. In addition, stem
and/or progenitor cells may be obtained from the subject that
are subsequently differentiated into the aforementioned
immune cells.

In some embodiments, the immune or stem and/or pro-
genitor cells that are genetically modified to be IL13Ra2-
specific by expressing a CAR or BITE molecule may be
further genetically modified to enhance their anti-tumor
activity. Non-limiting examples of additional genetic modi-
fication include, but are not limited to: i) CARs or BITEs
that are specific for other antigens expressed on tumor cells
or within the tumor environment, ii) cytokines (e.g., various
interleukins such as IL7, IL12, IL15, IL.21), iii) chimeric
cytokine receptors (e.g., IL7R, IL15R), iv) chemokine
receptors (e.g., CCR2b, CXCR2), iv) chimeric activating
receptors (e.g., IL4/IL7R, IL4/IL2R, TGFBR/TLR4R), v)
silencing negative regulators (e.g., PD1, SHP1), vi) silenc-
ing endogenous TCR expression, and vii) inducible suicide
genes (e.g., CD20, truncated EGFR, inducible caspase 9).

Other features and advantages of the disclosure will
become apparent from the following detailed description,
including the drawing. It should be understood, however,
that the detailed description and the specific examples, while
indicating preferred embodiments, are provided for illustra-
tion only, because various changes and modifications within
the spirit and scope of the invention will become apparent to
those skilled in the art from the detailed description.

BRIEF DESCRIPTION OF THE DRAWING

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1A-D. Characterization of antigen recognition and
screening of hybridoma clones. A, binding of B-D13 mAb to
ELISA plates coated with rhIL.13Ra.2hFc at 0.1 and 1 pg/ml.
B, binding of IL.13Ra.2 mAb to native and denatured (at 95°
C. in the presence of -mercaptoethanol) rhIL.13Ra2hFc in
a plate-bound ELISA. A paired t test was used to evaluate the
difference between control groups (n=4). *, p<0.1; ***
p<0.001. Error bars represent S.D. These data are represen-
tative of two independent experiments. C, screening of
selected hybridoma populations against rhIl.13Ra2hFc in a
plate-bound ELISA. D, screening of selected hybridoma
populations against rhIL.13Rao2hFC using a Western blot.

FIG. 2A-D. The IL13Ra2 (clone 47) mAb specifically
binds to rhIL13Ra2 and IL13Ra2 expressed on the cell
surface of CHO cells. A, binding of IL13Ra2 (clone 47,
83807, and B-D13) mAbs to rhIL.13Ra2 in a plate-bound
ELISA. B, binding of the IL13Ra2 (clone 47) mAb to
human IL13Ra2 expressed on the surface of CHO cells. C,
cross-reactivity of the IL13Ra2 (clone 47) mAb with
hrIL13Ral. D, cross-reactivity of IL13Ra2 (clones 47,
83807, and B-D13) mAbs with mouse rI[L13Ra2. Error bars
represent S.D.

FIG. 3A-D. Binding of IL13Ra2 mAb to glioma cells. A,
flow charts of IL13Ra2 (clones 47, 83807, and B-D13)
mAbs binding to the surface of glioma cells, normal human
primary astrocytes, and HEK cells transfected with
IL13Ra2. B, data of the median fluorescence intensity of
binding between the IL13Ro2 (clones 47, 83807, and
B-D13) mAbs to various cell lines analyzed by flow cytom-
etry. Numbers above the bars represent the difference in the
binding of clone 47 when compared with clone B-D13 for
each cell line. The color key is the same for A and B. C,
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mRNA expression for ILL13Ra2 in glioma cells as well as
normal human primary astrocytes. D, panels a-c, flow
cytometry demonstrating the specific binding of the
IL13Ra2 (clone 47) mAb to GFP-tagged U251 glioma cells
from an intracranial xenograft (xeno). The curve with a clear
area under the curve in sub-panel b depicts the binding of
mAb IL13Ra2 (clone 47) to GFP negative cells; the curve
with a clear area under the curve in sub-panel ¢ depicts the
binding of mAb IL13Ra2 (clone 47) to GFP positive cells.
Curves in sub-panels b and ¢ with gray areas under the
curves show the results when exposing control IgG to
GFP-negative (sub-panel b) or GFP-positive (sub-panel c¢)
cells. neg, negative. A, area; SSC-A, side scatter area;
APC-A, allophycocyanin area.

FIG. 4A-C. The affinity between the IL13Ra.2 (clone 47)
mAb and rhIL13Ra2. The kinetics of interaction of
IL13Ra2 (clone 47) mAb (A) and the commercially avail-
able mAb clones 83807 (B) and B-D13 (C) with rhIL13Ra2
as visualized by SPR in a Biacore 3000 are shown. The
rhIL.13Ra2 was injected at concentrations ranging from 1 to
100 nM (1 nM, 2.5 nM, 5 nM, 7.5 nM, 10 nM, 15 nM, 20
nM, 25 nM concentrations shown, lower to upper curves) at
a constant flow rate of 20 pl/minute over immobilized
antibodies and over a control dextran surface (these values
were subtracted from the signal). The association and dis-
sociation phases were monitored for 300 s by following the
change in SPR signal (colored curves) given in RU. Black
curves represent the fit of the data to a one-site binding
model. For derived kinetic parameters, see Table 1. Lower
panels show residuals from a one-site binding model, indi-
cating an excellent fit.

FIG. 5A-C. The IL13Ra2 (clone 47) mAb competes with
rhI[.-13 for the binding site of IL13Ra2. A, using a com-
petitive binding plate assay, the IL13Ra2 (clone 47) mAb
but not control mIgG or antibody clones 83807, B-D13, and
YY-237 significantly abolished the binding of rh1[.-13 to the
rhIL.13Ra2Fc chimera absorbed to plastic. One-way analy-
sis of variance followed by Dunnett’s post hoc test was
performed. Data from a single representative experiment are
shown. B, recombinant human IL-13 competes with the
IL13Ra2 (clone 47) mAb for the binding site of WT
IL13R02 but not with the 4-amino acid (4aa) mutant
IL13Ra2 expressed on the surface of HEK cells. C, the
IL13Ra2 (clone 47) mAb competes with rhI[.-13 for the
binding site of the WT and 4-amino acid mutant form of
IL13Ra2. A paired t test was performed. Data represent the
summary of three independent experiments shown in B and
C. *, p<0.05; ** p<0.01; *** p<0.001. Error bars represent
S.D.

FIG. 6 A-B. The contribution of Tyr207, Asp271, Tyr315,
and Asp318 residues of IL13Ra2 to the binding of the
IL13Ra2 (clone 47) mAb. A, variants of cDNA encoding
individual mutations to Ala or a combinatorial 4-amino acid
mutant (4aa mut) of IL13Ra2 was generated. HEK cells
were transfected with a control vector or a vector encoding
the IL13Ra2 variants. After 48 hours, binding of the
IL13Ra2 (clone 47) mAb to the surface of transfected cells
was analyzed by flow cytometry. Anti-IL13Ra2 antibody
clones 83807 and B-D13 were used as reference antibodies
in this assay. Binding of antibodies was determined as the
percentage of positive cells. The ratio of bound clones was
determined for each IL13Ra2 mutant and compared with
that of the wild-type receptor. One-way analysis of variance
followed by Dunnett’s post hoc test was performed. Data
represent a summary of four independent experiments. Error
bars represent S.D. B, representative graphs of flow cytom-
etry data demonstrating the binding of clone 47 or rhIL-13
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to the WT and 4-amino acid-mutated variant of the IL13Ra.2
receptor expressed on the surface of HEK cells. Filled
curves: negative control, staining with isotype control IgG+
secondary antibody; Open curves: staining with the anti-
IL13Ra2 (clone 47) monoclonal antibody+secondary anti-
body. A, area; APC-A, allophycocyanin area; FITC-A,
fluorescein isothiocyanate area.

FIG. 7A-C. Effect of N-linked glycosylation on the bind-
ing of IL13Ra2 to recombinant IL13Ra2. A, binding of
IL13Ra2 to control and Pngase F-treated rhIL.13Ra.2. Plates
were coated with hrIL.13Ra2 at 1 pg/ml and treated with
native buffer or with 1 milliunit/well Pngase F in native
buffer for 3 hours at 37° C. An ELISA for binding of the
IL13Ra2 (clone 47) mAb in comparison with antibody
clones B-D13, 83807, and YY-23Z and rhI[.-13 was per-
formed, and the data of one representative experiment from
three independent experiments are shown. A paired t test was
used to evaluate the difference between control and Pngase
F-treated groups (n=4). *, p<0.5; **, p<0.01; ***, p<0.001.
B, a Western blot shows the lower molecular weight of
Pngase F-treated rhI[.13Ra2 due to removal of N-linked
glycosylation adducts from the molecule. C, flow cytometry
shows the binding of IL13Ra2 mAbs to IL13Ra2-express-
ing U251 and HEK293 cells treated with 1 milliunit of
Pngase F for 1 hour at 37° C. The data are representative of
three independent experiments. A paired t test was used to
evaluate the difference between control and Pngase F-treated
groups. *, p<0.5. MFI, mean fluorescence intensity. Error
bars represent S.D.

FIG. 8. The IL13Ra2 (clone 47) mAb recognizes
IL13Ra2 in GBM tissues and in a human glioma xenograft.
Immunohistochemistry on frozen tissue sections from three
human GBM samples and a U251 xenograft was performed
with the IL13Ra2 (clone 47) mAb or mlgG at a concentra-
tion of 3 pg/ml. Staining of GBM tissues demonstrates
positive staining of the majority of cells in sample 1, positive
reactivity in only a fraction of the cells in sample 2, and
negative staining in sample 3. Staining in all three samples
was performed in the same experiment. Positive staining
was also detected in U251 xenograft tissue. Arrows point to
individual positive cells. Scale bars=100 pum.

FIG. 9A-B. The IL13Ra2 (clone 47) mAb improves the
survival of mice in an orthotopic human glioma xenograft
model. A, the survival of animals injected with U251 glioma
cells (2.5x10%) alone or in combination with either control
IgG or the IL13Ra2 (clone 47) mAb. B, a representative
photomicrograph of 10-pum-thick tissue sections stained with
H&E from mice injected with U251 cells alone (panels a and
b) or in combination with mlgG (panels ¢ and d) or
mAbIL13Ro2 (clone 47) (panels e and f). Arrows point to
the tumor and invading cells. Scale bars (panels a, ¢, and
€)=100 um. Scale bars (panels b, d, and £)=100 pm.

FIG. 10A-B. A competitive binding assay for the
IL13Ra2 (clone 47) mAb to the surface of N10 glioma cells.
A. The IL13Ra2 (clone 47) mAb was pre-incubated with
10x excess rhIL13Ra2 for 30 minutes on ice. N10 cells were
subsequently incubated with isotype control mlgG or
IL13R02 (clone 47) mAb alone or in the presence of
rhIL.13Ra2 and bound antibodies were analyzed by flow
cytometry. B. N10 glioma cells were pre-incubated either
with 10x excess rhIL13 (left panel) or with 10x excess of
IL13Ra2 (clone 47) mAb for 30 minutes on ice (right
panel). N10 cells were subsequently incubated with isotype
control mlgG, IL13Ra2 (clone 47) mAb or rhIL.13. Bound
antibodies or rhIL.13 were detected with secondary antibod-
ies and analyzed by flow cytometry. Data are presented as %
of positive cells.
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FIG. 11. The effects of IL13Ra2 (clone 47) mAb on the
survival of mice with an established human U251 glioma.
Mice were intracranially-injected with 2.5x10* U251 glioma
cells and treated three days later with a single injection of
PBS (n=7) or 10 png IL13Ra2 (clone 47 or B-D13) mAb
(n=7). The analysis of the animal’s survival was performed
using the Log-rank test. Median survival was determined to
be 27 days in the PBS group, versus 23 and 35 days in the
groups treated with B-D13 and 47 IL13Ra2 mAb, respec-
tively (p>0.05).

FIG. 12. Binding of IL13Ra2 clone 47 phages with
IL13Ra2hFc in plate ELISA. These data demonstrate that
phages presenting scFv IL13Ra2 (clone 47) are positively
selected against IL.13Ra2Fc chimeric protein after 3 rounds
of biopanning.

FIG. 13. Specificity of binding scFv IL13Ra2 clone 47
with IL13Ra2hFc-competitive assay. These data show that
binding of the scFvIL13Ra2 (clone 47) presented on the
phage surface to recombinant IL13Ra2 is completely abol-
ished by parental monoclonal antibody (clone 47), but not
other antibodies against IL13Ro2. It indicates that
scFvIL13Ra2 (clone 47) and parental monoclonal antibody
(clone 47) share the epitope (i.e., recognition site) on the
IL13Ra2 molecule. Each data point is an average of 3
independent replicates in all figures. Data presented as
mean+SEM. ***p<0.001.

FIG. 14. Binding of soluble scFv IL13Ra2 (clone 47)
with IL13Ra2hFc chimera. These data show that soluble
scFvIL13Ra2 (clone47) generated in a prokaryotic expres-
sion system (E. coli) binds specifically to IL13Ra2Fc
recombinant protein. Parental antibody, mAb IL13Ra2
(clone 47), and control mouse IgG served as positive and
negative controls, respectively

FIG. 15. The effect of mesenchymal stem cells secreting
scFvIL13Ra2-sTRAIL fusion protein on the U87-IL13Ra2
glioma cell line. These data show that mesenchymal stem
cells modified to secrete a genetic fusion of scFvIL13Ra2
(clone 47) with TRAIL protein exhibit a therapeutic effect in
the IL13Ra2-expressing U87 glioma cell line. The results
establish the efficacy of conjugating the scFV to a TRAIL
cytokine. The amount of cancer cell killing is equivalent to
the use of TRAIL alone without the scFV, but it is expected
that the scFV-TRAIL would be less harmful to non-cancer
tissues, given the specificity conferred by the scFv targeting
IL13Ro2.

FIG. 16. Schematic maps of retroviral vector encoding
IL13Ra2-specific scFv CARs. The CAR consists of the
immunoglobulin heavy-chain leader peptide, the IL13Ra2-
specific scFv clone 47 (M47), a short hinge (SH) or long
hinge (LH), a transmembrane domain (TM) derived from
CD28, and a CD28.  endodomain. LTR: long terminal
repeat (retroviral backbone). Domains are identified as block
structures. Maps are not to scale.

FIG. 17. IL13Ra2-scFv CART cell agent: Expression of
aCD3.C relative to aGAPDH of CAR agent in T cells. SH:
short hinge. LH: long hinge.

FIG. 18A-B. IL13Ra2-scFv CARs are expressed on the
surface of T cells. IL13Ra2-CAR T cells were generated by
retroviral transduction and CAR expression was determined
by FACS analysis. Short hinge CARs were detected with an
antibody specific for murine scFV. Long hinge CARs were
detected with an antibody specific for the long hinge. Isotype
antibody control: open curve; Specific Antibody: filled
curve.

FIG. 19. Functional characterization of IL13Ra2-CAR T
cells—Cytotoxicity. Standard >'Chromium cytotoxicity
assays were performed with Raji (IL13Ral-/IL13Ra2-),
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293T (IL13Ral+/1L13Ra2-), 293T genetically modified to
express IL13Ro2cells (293T-IL13Ro2; IL13Ral+/

IL13Ra2+), or U373 (IL13Ral+/IL13Ra2+) cells as tar-
gets. As effectors nontransduced (NT) T cells, IL13Ra2-
CARSH.CD28.L T cells, IL13Ra2-CAR.LH.CD28C T
cells, IL13Ra2-CAR.SH.A T cells, or IL13Ra2-CAR.LH.A
T cells were used. Only IL13Ra2-CAR.SH.CD28.C T cells
and ILI13Ra2-CAR.ILH.CD28.L T cells killed with
IL13Ra2+ target cells (U373 and 293T-IL13Ra2; n=4). T
cells expressing nonfunctional CARs (IL13Ra2-CAR.SH.4
and IL13Ra2-CAR.LH.A) had not cytolytic activity, dem-
onstrating that the killing activity depends on the expression
of a functional IL13Ra2-CAR. NT T cells killed none of the
targets, further confirming specificity.

FIG. 20. Functional characterization of IL13Ra2-CAR T
cells—IFNy and IL.2 Cytokine secretions. A. NT T cells,
IL13Ra2-CAR.SH.CD28¢ T cells, IL13Ra2-
CAR.LH.CD28.C T cells, IL13Ra2-CAR.SH.A T cells, or
IL13Ra2-CAR.LH.A T cells were co-cultured with U373
cells for 24 to 48 hours (n=4). Only IL13Ra2-
CAR.SH.CD28.L T cells and IL13Ra2-CAR.LH.CD28.C T
cells secreted IFNy demonstrating target cell recognition in
contrast to IL13Ra2-CAR.SH.A T cells, ILI3Ra2-
CAR.LH.A T cells or NT T cells. B. NT T cells, IL13Ra.2-
CAR.SH.CD28.C T cells, IL13Ra2-CAR.LH.CD28.C T
cells, IL13Ra2-CAR.SH.A T cells, or IL13Ra2-CAR.LH.A
T cells were co-cultured with U373 cells for 24 to 48 hours
(n=4). Only IL13Ra2-CAR.SH.CD28.C T cells secreted
IL2, demonstrating that IL13Ra.2-CAR.SH.CD28.C induces
superior T cell activation in comparison to IL13Ra2-
CAR.LH.CD28.C. IL13Ra2-CAR.SH.A T cells, IL13Ra2-
CAR.LH.A T cells or NT T cells also did not induce IL2
production.

FIG. 21. IL13Ra2-SH CARs have anti-glioma activity in
vivo. Severe combined immunodeficient (SCID) mice were
injected with 1x10° firefly luciferase expressing U373 cells
intracranially. On day 7 mice were treated either with 1x10°
IL13Ra2-CAR.SH.CD28.T T cells, IL13Ra2-
CAR.LH.CD28.C T cells, IL13Ra2-CAR.SH.A T cells, or
IL13R0o2-CAR.LH.A T cells (5 mice per group). Tumor
growth was monitored by bioluminescence imaging. Only
IL13Ra2-CAR.SH.CD28.L T cells had significant anti-
glioma effects with 4/5 mice having a complete response.

FIG. 22. Properties of m47 CAR T cell agent. The
m47-CAR T cells recognize IL13Ra2*, but not IL13Ra1*
targets. The data show that the short hinge CD28z-CAR
(SH2) T cells perform better in terms of effector function
than CD28z-CAR (SH3), CD28z-CAR (LH2), CD28z-CAR
(LH3), CD28z-CAR (SH2A), or CD28z-CAR (SH3A).

FIG. 23. Functional comparison of m47 CAR T cell
agents. Open curve: secondary antibody; Filled curve:
IL13Ra2Fc+ secondary antibody.

FIG. 24. The m47 CAR T cell agent is highly expressed
after transduction. Open curve: secondary antibody; Filled
curve: IL13Ra2Fc+ secondary antibody.

FIG. 25. The m47 CAR T cell produce interferon y and
interleukin 2, but only after IL13Ra.2 stimulation.

FIG. 26. IL13Ra2- and IL13Ral-positive cell lines are
made by genetic modification of HEK 293T cells. Filled
curve: isotype antibody control; Open curve: specific anti-
body.

FIG. 27. The m47 CAR T cells kill only IL13Ra2* cell
lines. The in vitro experiments provide data establishing that
m47 CAR T cells present a recombinant CAR protein on the
cell surface that does not recognize IL4R, IL13Ral or any
receptor other than its specific recognition of IL13Ra2. The
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specificity of the recognition extends to a specificity for only
those cell lines expressing IL13Ra2.

FIG. 28. In vivo data comparing effect of m47 CAR T cell
agent, untreated and NT-treated glioblastoma multiforme
xenografts in nude mice. The U373 glioblastoma multiforme
xenograft mouse model was used. At day 0, 1x10° GFP-ffluc
U373 cells were administered per mouse. On day 7, 2x10°
m47 CAR T cells or NT cells were administered. Untreated
samples did not receive treatment on day 7. No exogenous
interleukin 2 was administered and results of the survival
analysis were recorded by serial bioluminescence imaging.
n=3.

FIG. 29. The m47 CAR T cell agent prolonged the
survival of nude mice with glioblastoma multiforme.

FIG. 30A-C. Characterization of IL13Ra2-CAR T cells.
(A, B) Co-culture assay with recombinant protein demon-
strated interferon y and interleukin 2 production in an
IL14R0a2-dependent fashion; (C) Cytolytic activity in stan-
dard chromium release assay.

FIG. 31A-D. Generation of 47 CAR T cells. (A) Scheme
of M47 CARs. All CARs contained an N-terminal leader
sequence, a codon-optimized synthetic gene encoding M47
in scFv format, a spacer region, a CD28 transmembrane
domain, and signaling domains derived from CD28 and
CD3-C. The spacer region was either the IgG1 hinge (16
amino acids; short spacer region; M47-CAR.SSR.CD28.7)
or the IgG1-CH2CH3 domain. LSR.A and SSR.A M47-
CARs without signaling domains were constructed and
served as controls. (C,B) CAR expression was confirmed
using FACS analysis. Representative plots (B) and summary
data (C) are shown (mean 74.1%-93.3%, n=5-6 per CAR
construct). Open curve: secondary antibody; Filled curve:
IL13R02Fc+ secondary antibody. (D) Expression of full-
length 47-CAR.SSR.CD28.¢ and 47-CAR.LSR.CD28.C by
Western blot analysis using a CD3-C antibody.

FIG. 32. Phenotypic analysis of 47-CAR T cell lines.
CAR T cells were analyzed for CD4 and CDS8 surface
expression using CD4-PacBlue and CD8-PerCP antibodies
(BD Biosciences). The four CAR T cell lines analyzed for
surface expression of CD4 and CD8 were SSR.A,
SSR.CD28.Z, LSR.A, and LSR.CD28.C. The histogram pro-
vides the results of the analysis, with light gray bars indi-
cating CD4 expression and black bars indicating CD8
expression.

FIG. 33A-D. 47-CAR T cells release cytokines after
stimulation with recombinant I[.13Ra.2 protein or IL13Ra2-
positive cells. 47-CAR or non-transduced (NT) T cells were
stimulated with recombinant IL13Ral, IL13Ra.2, or IL4Ra.
proteins. After 24 hours, IFNy (A) was measured by ELISA
(n=4). T cells expressing 47-CAR constructs, but not con-
trols, expressed significant levels of IFNy (p<0.001) when
stimulated with recombinant II.13Ra2 protein in compari-
son to IL13Ral and IL4Ra stimulated T cells. 47-CAR T
cells were co-cultured with Raji, U373 cells, 293T-GFP, and
293T-GFP/IL13Ra2 at a 1:2 E:T ratio. NT and CARA T
cells served as controls. (B,C) After 24 hours, cytokines
(IFNy, IL2) were measured by ELISA (n=3). (B) U373 and
293T-GFP-IL13Ra2 (IFNy); SSR.A vs SSR.CD28. C:
p<0.001; LSR.A vs LSR.CD28.C: p<0.05. (C); U373 and
293T-GFP-IL13Ra2 (IL2); SSR.A vs SSR.CD28. C: p<0.01;
LSR.A vs LSR.CD28. T: NS. (D) 4-hour cytotoxicity assay
at an E:T ratio of 10:1 (n=4).

FIG. 34. LSR.CD28.C T cells show a self-activation
phenotype during ex vivo expansion. T cells were analyzed
for phosphor-CD3-C expression using CD247 (pY142)-
AF647 antibody (BD Biosciences).
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FIG. 35. Cell surface expression of IL13Ral and
IL13Ra2. Cell lines were analyzed for IL13Ral and
IL13Ra expression using primary goat anti-IL13Ral and
anti-IL13Ra2 antibodies (AF152 and AF146, respectively;
R&D) followed by secondary rabbit anti-goat IgG Alexa647
antibody (Life Technologies). Filled curve: isotype antibody
control; Open curve: specific antibody.

FIG. 36A-D. Generation of SSR 47-CARs with
CD28.0X40.L, CD28.41BB.C or 41BB.C endodomains. (A)
Scheme of SSR 47-CARs. (B, C) CAR expression was
confirmed using FACS analysis. Representative plots (B)
and summary data © are shown.
47-CAR.SSR.CD28.0X40.C and
47-CAR.SSR.CD28.41BB.C: mean: 74.6%-77.5% (n=4);
47-CAR.SSR.CD28.41BB.C: mean: 4.9% (n=3). Open
curve: secondary antibody; Filled curve: IL13Ra2Fc+ sec-
ondary antibody. (D) Expression of 47-CAR.SSR.41BB.C,
M47-CAR.SSR.0X40.CD28.T and M47-
CAR.SSR.41BB.CD28.C by Western blot analysis.

FIG. 37A-B. Comparison of 47-CAR.SSR.CD28.T
47-CAR.SSR.41BB.C and 47-CAR.SSR.CD28.0X40. T
cells. (A) 47-CAR T cells were co-cultured with U373 cells
ata 1:2 E:T ratio. NT and CAR.A T cells served as controls.
After 24 hours, IFNy and IL.2 were measured by ELISA
(n=3); SSR.A vs SSR.CD28.C (U373; IFNy): p<0.001;
SSR.A vs SSR.41BB.C (U373; IFNy): p<0.05; SSR.A vs
SSR.CD28.0X40.T for (U373; IFNy): p<0.001; SSR.A vs
SSR.CD28.C (U373; IL2): p<0.001; SSR.A vs SSR.41BB.C
(U373;IL2): p<0.001; SSR.A vs SSR.CD28.0X40.¢ (U373;
IL2): p<0.01. (B) 4-hour cytotoxicity assay at an E:T ratio
of 10:1 (n=4).

FIG. 38A-C. Treatment of glioma xenograft with T cells
expressing 47-CARs results in tumor regression and
improved overall survival. U373 glioma bearing mice were
treated on day 7 with SSR.CD28.C (n=9), SSR.41BB.C
(n=9) or SSR.0X40.CD28.C (n=9) T cells. SSRA CAR T
cells (n=7) served as controls. (A) Representative images for
each group and (B) quantitative bioluminescence
(radiance=photons/sec/cm?/sr) imaging data for all mice are
shown (dotted lines: individual mice; solid lines: median).
(C) Kaplan-Meier survival analysis (SSR.A vs SSR.CD28.
C: p=0.0002; SSR.A vs SSR.41BB.C: p=0.0039; SSR.A vs

SSR.OX40.CD28. T: p=0.0092; SSR.CD28. vs
SSR.41BB.L: p=0.4723; SSR.CD28.C vs
SSR.0X40.CD28.C: p=0.3582; SSR.41BB.¢ vs

SSR.0X40.CD28.T: p=0.8374).

FIG. 39A-B. Analysis of U373 cells isolated from recur-
rent tumors. U373 cells were isolated from recurrent tumors
of mice that were treated with 47-CAR T cells. After
short-term culture (2 to 7 days), FACS analysis and cyto-
toxicity assays were performed. (A) FACS analysis for
IL13Ra2. (B) 47-CAR T cells killed U373 tumor cells
isolated from recurrent tumors in contrast to Raji cells in a
standard four-hour cytotoxicity assay for Cr release from
labeled cells. Open curve: isotype antibody control; Filled
curve: specific antibody.

FIG. 40A-C. Limited persistence of 47-CART cell in
vivo. 47.8SSR.CD28.L-CAR T cells were transduced to
express eGFPflLuc. (A) FACS analysis confirmed the
expression of the CAR and eGFP.filLuc transgenes. (B, C)
1x10° unmodified U373 cells were injected intracranially
into mice. On day 7, mice received 2x10° 47.
SSR.CD28.C.eGFPffLuc CAR T cells intracranially using
the same tumor coordinates. Bioluminescence imaging was
used to monitor T cell persistence.

FIG. 41A-C. Generation and characterization of LSR-
CD28.41BB.,. CAR T (cells. (A) Scheme of
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LSR.CD28.41BB.C CAR construct. (B) CAR expression
was confirmed using FACS analysis. Representative plot.
Open curve: secondary antibody; Filled curve: IL13Ra2Fc+
secondary antibody. (C) LSR.CD28.41BB.L CAR T cells
were co-cultured with U373 cells at a 1:2 E:T ratio. NT T
cells served as controls. After 24 hours, IFNy or IL2 was
measured by ELISA (n=3).

FIG. 42A-B. Generation of SSR.a.CD28.41BB.L CAR T
cells. (A) Scheme of SSR.a..CD28.41BB.C CAR construct.
(B) CAR expression was tested using FACS analysis (rep-
resentative plot shown).

FIG. 43. FACS analysis of PD-L1 expression on U373
cell surface with and without IFNy stimulation. U373 cells
were cultured with or without IFNy (100 units/ml). After 24
hours, U373 cells were analyzed for PD-L1 expression using
a CD271 PE antibody (BD Biosciences).

FIG. 44A-B. Transgenic expression of IL15 in
SSR.CD28.C T cells results in enhanced antigen-dependent
IL15 secretion. T cells were stimulated with (A) recombi-
nant proteins or (B) cell lines.

FIG. 45A-B. Transgenic expression of IL15 results in (A)
enhanced in vivo persistence of SSR.CD28.C T cells result-
ing in improved (B) progression-free survival (PFS).

DETAILED DESCRIPTION

The disclosure provides binding agents, or partners, that
specifically recognize interleukin 13 receptor a2 (IL13Rc.2)
for use in diagnosing, preventing, treating or ameliorating a
symptom of any of a wide range of cancers characterized by
cells presenting IL.13Ra2. More particularly, the disclosure
provides (i) the sequences of the six complementarity deter-
mining regions of a monoclonal antibody (m47) that spe-
cifically targets human tumor-associated antigen, i.e., inter-
leukin 13 receptor a2 (IL13Ra2), and (i) data
demonstrating the functionality of the protein encoded by
the heavy and light chain cDNAs in the format of an scFv
antibody or conjugate (e.g., fusion) to other functional
moieties. The six complementarity determining regions of
the m47 monoclonal antibody confer binding specificity for
IL13R02, consistent with the understanding in the immu-
nological arts. In some embodiments, the scFv comprises the
complete heavy and light chain variable regions of antibody
m47, or the complete heavy and light chains of antibody
m47. In some embodiments, the heavy and light chain
fragments comprise, e.g., the m47 CDRs, or the m47 vari-
able regions, and these domains can be arranged in different
formats, such as a single-chain variable fragment of an
antibody, i.e., a scFv, a diabody, a bi-specific antibody
fragment, a tri-specific antibody fragment, a fusion protein
with any of a wide variety of therapeutic proteins and/or
other moieties, a humanized antibody fragment, a Fab
fragment, a Fab' fragment, a F(ab)2' fragment and any other
functional format for a bi-functional peptide providing a
targeting function and an effector function. Moreover, the
single-chain antibody or other arrangements of the protein
encoded by the heavy and light chains could be expressed
and conjugated to therapeutic carriers (e.g., viruses, cells,
nanomaterials) for specific delivery of a therapeutic to an
IL13Ra2-expressing tumor. The materials according to the
disclosure are also useful in imaging tumor burden.

The technology addresses the most serious obstacle to
progress in immunotherapy, i.e., the virtual absence of
defined, tumor-specific antigens that can be predictably
found on at least a larger subgroup of human cancers and
that can serve as effective targets for cancer eradication.
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Finding such antigens would move the field beyond the
methods for treating CD19/CD20-expressing B cell malig-
nancies.

The terms used throughout this disclosure are given their
ordinary and accustomed meanings in the art, unless a
different meaning is made clear from the text when consid-
ered in the context of the disclosure as a whole.

The disclosure describes the development and character-
ization of a monoclonal antibody (mAb) fragment specific to
IL13Ra2 for the therapeutic purpose of targeting IL13Ra2-
expressing tumors. The high affinity IL13Ra2 is selectively
expressed at a high frequency by glioblastoma multiforme
(GBM) as well as several other tumor types. One approach
for targeting this tumor-specific receptor utilizes the cognate
ligand, IL-13, conjugated to cytotoxic molecules. This
approach, however, lacks specificity because the lower affin-
ity receptor for 1L-13, IL13Ral, is widely expressed by
normal tissues. A monoclonal antibody (mAb) specific to
IL13Ra2 was expected to overcome the lack of specificity
afflicting methodologies that recognized both IL.13 recep-
tors, i.e., ILI3Ral as well as IL13Ra.2. Such a mAb would
be therapeutically useful in targeting and treating IL.13Ro.2-
expressing cancers, including tumors.

As disclosed herein, hybridoma cell lines were generated
and compared for binding affinities to recombinant human
IL13Ra2 (rhIL13Ra2). Clone 47 demonstrated binding to
the native conformation of IL13Ra2 and was therefore
chosen for further studies. Clone 47 bound specifically and
with high affinity (KD=1.39x10"°M) to rhIL13Ra.2 but not
to rhIL13Ral or murine IL13Ra2. Furthermore, clone 47
specifically recognized wild-type IL13Rc.2 expressed on the
surface of CHO and HEK cells as well as several glioma cell
lines. Competitive binding assays revealed that clone 47 also
significantly inhibited the interaction between human
soluble IL-13 and IL13Ra2 receptor. Moreover, N-linked
glycosylation of IL13Ra2 contributes in part to the inter-
action of the antibody to IL13Ra2. In vivo, the IL13Ra2
mAb improved the survival of nude mice intracranially
implanted with a human U251 glioma xenograft.

The IL13Ra2-specific, scFv-based CAR, 47-CAR, con-
structed as disclosed herein, provided the material used in
exploring the influence of long and short spacer regions, as
well as endodomains, on its function. While
47-CAR.SSR.CD28.C (i.e., the 47-CAR binding region pro-
vided as an scFv joined to a short spacer region as defined
herein, in turn joined to an unmodified or chimeric endodo-
main  or T cell cytoplasmic domain) and
47-CAR.LSR.CD28.C (similar construct substituting a long
spacer region (LSR)) recognized target cells as judged by
IFNy production, only 47-CAR.SSR.CD28.C induced IL.2
production, indicating better T-cell activation. An additional
LSR 47-CAR containing a CD28.41BB.C endodomain (FIG.
41) was shown to lack the ability to induce IL.2 expression.
These observations are consistent with knowledge that scFvs
that bind to an epitope in close proximity to the cancer cell
membrane, requiring long spacer regions for optimal CAR
function, in contrast to scFvs that bind to epitopes distal to
the cell membrane. The data disclosed herein indicates that
the IL13Ra2 epitope recognized by 47-CARs is located
distal to the cell membrane.

In greater particularity, four SSR 47-CARs were con-
structed, each with a different endodomain, i.e., CD28.C,
41BB.T CD28.0X40.C, and CD28.41BB.C. While all four
CARs were expressed, as judged by Western blot analysis,
no significant cell-surface expression was observed for
47-CAR.SSR.CD28.41BB.C. We explored if changing the
transmembrane domain from CD28 to CD8a in
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47-CAR.SSR.CD28.41BB.C would result in better cell-sur-
face expression, but no increase in expression was observed.
Because 47-CARs.LSR.CD28.41BB.C are expressed on the
cell surface (FIG. 42), the result indicates that the interplay
between spacer region and endodomain influences CAR
cell-surface expression.

47-CAR.SSR.CD28.C 47-CAR.SSR41BB.C, and
47-CAR.SSR.CD28.0X40.C T cells had potent antitumor
effect in vivo, resulting in a significant survival advantage.
While mice treated with 47-CAR.SSR.CD28.C T cells had
the longest median survival in comparison to
47-CAR.SSR.41BB.{ or 47-CAR.SSR.CD28.0X40.L T-cell
treated mice, this difference did not reach significance. The
experimental results also showed that addition of a second
costimulatory endodomain did not improve antitumor activ-
ity in vivo. Limited T-cell persistence in vivo was identified
as the principal limitation on therapy. This limitation may be
overcome by the transgenic expression of cytokines*S or by
blocking inhibitory molecules that are secreted or present on
the surface of gliomal cells. For example, gliomas such as
U373 express PD-L1, which is upregulated in the presence
of IFNy (FIG. 43), and could be targeted in future studies.

The experimental results disclosed herein establish that T
cells redirected to IL13Ra2 with 47-CARs have potent
anti-tumor activity against glioma cells in vitro, and induce
the regression of established GBM xenografts in vivo.
47-CARs are expected to be of value in the treatment of not
only IL13Ro2-positive GBMs but also other malignancies
in which IL13Ra2 is expressed.

The experimental results disclosed herein establish that T
cells redirected to IL13Ra2 with 47-CARs and that also
express 1115 have enhanced anti-tumor activity in the GBM
xenografts in vivo.

The disclosure is based, at least in part, on the discovery
that IL13Ra2 is found preferentially on cancer cells such as
tumor cells. This receptor functions as a cancer-, or tumor-,
specific antigen that has been used to elicit the high-affinity
monoclonal antibody m47, along with antigen binding frag-
ments of that antibody. The VL and VH variable regions of
the m47 antibody have been engineered into a single chain
(sc) variable fragment (scFv) to generate conjugates, such as
chimeric antigen receptors (i.e., CARs), for introduction into
T cells for adoptive transfer. Thus, CAR-transduced T cells
are expected to target a tumor-specific IL13Ra2 epitope,
leading to eradication of cancer cells presenting the receptor.
It is believed that CAR-transduced T cells recognizing
IL13R a2 will destroy large solid tumors. CAR-transduced T
cells, however, target cancer cells only directly and antigen-
negative cancer cells may escape. It is expected that CAR-
transduced T cells also will be effective in eliminating
antigen-negative cancer cells via the bystander effect.

Disclosed herein are experiments establishing the devel-
opment of IL13Ra2-specific CARs with a scFv47-based
antigen-binding domain (47-CARs). The data show that
47-CARs perform better with a short spacer region, which
provides for optimal functionality, and that 47-CAR T cells
are able to recognize and kill only IL.13Ra2-positive and not
IL13Ral-positive target cells in vitro. In addition, 47-CAR
T cells induce tumor regression in an orthotopic xenograft
mouse model of GBM, which was associated with a signifi-
cant survival advantage.

The protein conjugates according to the disclosure are
specific for IL13Ra2, which is associated with cancers, e.g.,
tumors. In addition, the disclosure provides a polynucleotide
encoding one of these cancer-specific binding partners,
including polynucleotides comprising codon-optimized cod-
ing regions for binding partners specific for an epitope of
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IL13Ra2. The polynucleotides of the disclosure encode
conjugates, or bi-functional polypeptides, useful in diagnos-
ing, preventing, treating, or ameliorating a symptom of
cancer, such as any of a variety of human cancers, including
those forming solid tumors. Also contemplated are vectors
comprising a polynucleotide as disclosed herein, a host cell
comprising such a polynucleotide and/or a vector as
described above, and methods of treating, preventing or
ameliorating a symptom of, a cancer disease, e.g., a solid
tumor, a primary cancer site or a metastasized cancer.

The various forms of conjugates known in the art are
contemplated by the disclosure. These conjugates provide
exquisitely cancer- as well as protein-specific antibody
receptors that can be incorporated into a variety of back-
bones providing effector function, such as bispecific T cell
Engagers (BiTEs) or chimeric antigen receptors (CARs), as
noted below. Exemplary conjugates of the disclosure include
CARs, fusion proteins, including fusions comprising single-
chain variable (antibody) fragment (scFv) multimers or scFv
fusions to coding regions encoding products useful in treat-
ing cancer, e.g., IL15, IL15Ra, or IL15/IL15Ra agent,
diabodies, tribodies, tetrabodies, and bispecific bivalent
scFvs, including bispecific tandem bivalent scFvs, also
known as bispecific T cell engagers, or BiTEs. Any of these
conjugate forms, moreover, may exhibit any of various
relative structures, as it is known in the art that different
domain orders (e.g., H,N-VH-linker-VL-CO,H and H,N-
VL-linker-VH-CO,H) are compatible with specific binding.
Higher order forms of the conjugates described herein are
also contemplated, such as peptibodies comprising at least
one form of the conjugates disclosed herein. The conjugates
of the disclosure specifically bind to a cancer-specific
epitope (e.g., an IL13Ra2) and the polynucleotides encod-
ing them may be codon-optimized, e.g., for maximal trans-
lation, for expression in the targeted cells (e.g., human or
mouse cells). Codon optimization in the context of express-
ing the conjugates of the disclosure, such as CARs, is
important to ensuring that production of the protein is both
efficient and robust enough to be useful as a source of
therapeutic.

The disclosure also contemplates conjugates in which a
targeting moiety (an anti-IL13Ra2 antibody or fragment
thereof) is linked to a peptide providing a second function,
e.g., an effector function, such as a T cell signaling domain
involved in T cell activation, a peptide that affects or
modulates an immunological response to cancer cells, or an
enzymatic component of a labeling system that results in a
CAR encoded by a polynucleotide according to the disclo-
sure, if the coding region for the conjugate is codon-
optimized for expression in a target cell. Exemplary conju-
gates include an anti-IL13Ra2 scFv linked to a hinge, a
transmembrane domain, and an effector compound or
domain, e.g., CD28, CD3¢, CD134 (0X40), CD137 (41BB),
ICOS, CD40, CD27, or Myd88, thereby yielding a CAR.

The polynucleotide aspect of the disclosure comprises
embodiments in which an unexpected variation on codon
optimization in slower-growing higher eukaryotes such as
vertebrates, e.g., humans, is provided that is focused on
translation optimization (maximizing high-fidelity transla-
tion rates) rather than the typical codon optimization used in
such organisms, which is designed to accommodate muta-
tional bias and thereby minimize mutation. Also disclosed
are the methods of diagnosing, preventing, treating or ame-
liorating a symptom of a cancer. Schematically described,
the polynucleotides comprise a codon-optimized coding
region for an antigen receptor specifically recognizing an
IL13Ra2 epitope linked to any one of the following: a
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coding region for a T cell signaling domain involved in T
cell activation, a gene product that affects or modulates an
immunological response to cancer cells such as an 1L15/
IL15Ra fusion, or a labeling component such as an enzy-
matic component of a labeling system. The linked coding
regions result in polynucleotides encoding conjugates
according to the disclosure, such as BiTEs or chimeric
antigen receptors (CARs).

In methods of diagnosing, preventing, treating or amelio-
rating a symptom of a cancer, the compositions of the
disclosure are typically administered in the form of a con-
jugate-transduced cell, such as a T cell, an NK cell, or a
lymphocyte including, but not limited to, NKT cells, yd T
cells, mucosa associated invariant T cells or MAIT cells, or
innate lymphoid cells, although administration of a vector
comprising a polynucleotide of the disclosure or adminis-
tration of a polynucleotide of the disclosure are also con-
templated, depending on the functionalities of the conjugate.
Combining a polynucleotide, vector or host cell of the
disclosure with a physiologically suitable buffer, adjuvant or
diluent yields a pharmaceutical composition according to the
disclosure, and these pharmaceutical compositions are suit-
able for administration to diagnose, prevent, treat, or ame-
liorate a symptom of, a cancer.

In the course of experimental work described herein,
hybridoma cell lines were generated and compared for
binding affinities to recombinant human IL13Ra2
(rhIL13Ra2). Clone 47 demonstrated binding to the native
conformation of IL13Ra2 and was therefore characterized
further. Clone 47 bound specifically and with high affinity
(KD 1.39x107° M) to rhIL13Re2 but not to rhIL.13Ral or
murine IL13Ra2. Furthermore, clone 47 specifically recog-
nized wild-type IL13Ra2 expressed on the surface of CHO
and HEK cells as well as several glioma cell lines. Com-
petitive binding assays revealed that clone 47 also signifi-
cantly inhibited the interaction between human soluble
1L-13 and IL13Ra2 receptor. Moreover, N-linked glycosy-
lation of IL13Ra2 was found to contribute, in part, to the
interaction of the antibody with IL13Ra2. In vivo, the
IL13Ra2 monoclonal antibody improved the survival of
nude mice intracranially implanted with a human U251
glioma xenograft. Collectively, these data establish the effi-
cacy of the immunomodulatory treatment of cancer dis-
closed herein.

Overexpression of IL13Ra2 in glioblastoma multiforme
(GBM) but not in normal brain tissue uniquely positions this
receptor as a candidate for targeting tumor cells. GBM is a
highly infiltrative tumor, often making complete surgical
removal impossible. Moreover, GBM is highly resistant to
radiation and chemotherapy (16), warranting further devel-
opment of novel and targeted therapies for the treatment of
patients.

A phage display library approach has been used to select
small antibody fragments specific to human IL13Ra2, fol-
lowed by their evaluation in vitro and in vivo (23). Despite
the high specificity of interaction with IL13Ra2, conjuga-
tion with toxins has failed to increase cytotoxicity in
IL13Ra2-expressing glioma and renal cell carcinoma cell
lines when compared with the effects of IL-13PE38. The low
affinity of generated antibody fragments is the most reason-
able explanation for the lack of success. Antibody fragments
derived from phage display libraries are known to be lower
in affinity and avidity than antibodies generated by conven-
tional hybridoma technology (24). Modifications of those
small antibody fragments are often required to enhance their
affinity and avidity to targeted proteins. In recent years,
monoclonal antibodies have shown increasing success as
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targeted anticancer and diagnostic agents (25, 26), and a
further search for high affinity reagents with restricted
specificity to tumor-associated antigens is needed. The
experiments disclosed herein were designed to discover,
develop, and characterize a high affinity antibody that spe-
cifically recognizes IL13Ra2 expressed on the surface of
cancer cells. Consistent with that design, disclosed herein
are experiments establishing the generation of an antibody
possessing the properties critical for immunotherapeutic
targeting of IL13Ra2-expressing tumors in vivo, and poten-
tially suitable for various other applications.

Monoclonal antibodies appear to be valuable research and
diagnostic tools as well as therapeutic agents. Monoclonal
antibodies specific for tumor-associated antigens have sig-
nificant advantages over systemic chemotherapies due to the
ability to specifically target cancer cells while avoiding
interaction with untransformed tissue. Therefore, the search
for novel “magic bullets” continues to grow, confirmed by a
global market for therapeutic antibodies worth $48 billion as
of 2010. Therapeutic antibodies are products of traditional
hybridoma technology or screening of libraries for antibody
fragments and their subsequent engineering into humanized
fragments or full size molecules. Prior to this study, the
hybridoma cell line secreting a high affinity antibody to the
tumor-specific antigen IL13Ro2 was unavailable to the
scientific community. Here, we describe the generation and
characterization of a high affinity antibody to the tumor-
specific antigen IL13Ra2 and discuss its potential use in
different applications.

The specificity of interaction of newly discovered anti-
bodies to human I1.13Ra2 was analyzed by ELISA using the
rhIL13Ra2hFe  fusion protein, recombinant human
IL13Ra2 expressed on the surface of CHO and HEK cells,
and several glioma cell lines expressing IL13Ra2 at various
levels by flow cytometry. The antibody identified herein, and
agent using the binding domain thereof, demonstrated a
specificity of interaction to human IL13Ra2 and did not
cross-react with human IL13Ral or mouse IL13Ra2. More-
over, the specificity of binding to IL.13Ra.2 was confirmed in
competitive binding assays using rhl[.13Ra2hFc fusion
protein by ELISA or by flow cytometry for detection of
IL13Ra2 expressed on the surface of HEK cells. In these
assays, IL13Ra2 (clone 47) mAb competed with recombi-
nant human IL.-13 for its epitope and was able to block about
80% of the binding between I1L.-13 and IL13Ra2. Con-
versely, human recombinant I[.-13 was able to block about
50% of antibody binding to IL13Ra2. Similarly, a signifi-
cant decrease in the binding of IL13Ra2 (clone 47) mAb to
N10 glioma cells was observed when rhI[L13R2hFc¢ chimera
and rhI[-13 were used as competitors. The binding of
rhiL-13 to N10 cells was also abolished by IL13Ra2 (clone
47) mAb. These data indicate that the two molecules have
significant overlap in their recognition sites for IL13Ra.2.

IL-13 is a small 10-kDa molecule (31), whereas an
antibody is about 15 times greater in molecular mass. The
ability of rhI.-13 to compete with an antibody for a binding
site suggests that the inhibitory property of the antibody is
likely due to the specific interaction with amino acid resi-
dues contributing to the binding of 1L-13 to the cognate
receptor rather than to steric hindrance, which can also
prevent the interaction of IL-13 with its receptor. Previously,
Tyr207, Asp271, Tyr315, and Asp318 were identified as
critical residues of IL13Ra2 necessary for interaction with
IL-13 (28). In the assays disclosed herein, the binding of
IL-13 to a mutant ILL13Ra2 carrying a combination of all 4
amino acid mutations to alanine was significantly abolished
when compared with the wild-type receptor. Binding of the
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IL13Ra2 mAb to either the individual or the 4-amino acid
mutant form of IL13Ra2, however, was not significantly
affected. These findings indicate that Tyr207, Asp271,
Tyr315, and Asp318 residues are not critical for the recog-
nition of IL13Ra2 by the IL13Ra2 mAb. The human
IL13Ra2 and murine IL13Ra2 are structurally conserved
and share 59% amino acid identity (32). Moreover, Tyr207,
Asp271, Tyr315, and Asp318 residues are conserved in
human and murine IL13Ra2. Absence of binding of the
IL13R02 mAb to murine IL13Ra2hFc fusion further sup-
ports the expectation that these amino acid residues contrib-
ute to the binding of I1L-13 to IL13Ra2 and are not critical
for the interaction of this antibody with the receptor.

To further characterize the interaction of IL13Ra2 with
the antibody and antibody agent disclosed herein, the affinity
of the IL13R0o2 mAb was measured and compared with the
binding properties of two commercially available antibodies
using the surface plasmon resonance method. The affinity of
the IL13Ra2 mAb was determined to be equal to 1.39x10~
oM, greatly exceeding the affinity of comparable commer-
cially available antibodies by up to 75-fold. In agreement
with the affinity studies, the IL13Ra2 mAb (clone 47)
demonstrated superiority to two commercial antibodies in
binding to the IL.13Ra2 expressed on the surface of various
glioma cells and in ELISA. Although many properties of
antibodies, including the affinity and avidity, in vivo stabil-
ity, rate of clearance and internalization, tumor penetration,
and retention, should be considered prior to specific usage,
it has been reported that higher affinity antibodies are better
for immunotherapeutic tumor-targeting applications (33).
The single chain antibody fragment (scFv) MR1-1 against
epidermal growth factor receptor variant III demonstrates
about 15-fold higher affinity than the parental scFvMR1 and
also showed on average a 244% higher tumor uptake than
that for the scFvMR1 (34). It is likely that the high affinity
properties of the IL13Ra.2 mAb and agent thereof that are
disclosed herein will be advantageous for applications uti-
lizing antibodies or associated derivatives for targeting
tumor cells expressing IL.13Ra.2.

The N-linked glycosylation of IL.13Ra2 has been identi-
fied as a necessary requirement for efficient binding to IL-13
(30). Taking into consideration that the IL13Ra2 mAb
disclosed herein inhibits about 80% of IL-13 binding to the
cognate receptor, IL13Ra2, it is reasonable to expect that the
binding of this antibody, or an agent containing its binding
domain, with the deglycosylated form of IL13Ra2 could
also be affected. The IL13Ra2 molecule has four potential
sites of N-linked glycosylation. The binding of the antibody
to rhIL.13Ra2 or to IL13Ra2 expressed on the surface of
HEK or U251 cells treated with Pngase F was decreased by
35 and 30%, respectively, when compared with non-treated
control. A partial change in binding activity for the clone 47
when compared with clones 83807 and B-D13 suggests that
removal of carbohydrate adducts from IL13Ra2 with
Pngase F causes conformational changes of the receptor,
indirectly affecting the binding of both IL.-13 (30) and the
IL13Ra2 mAb to IL13Ra2. This also supports the expec-
tation that the antibody binds directly to the IL13Rc2 amino
acid backbone rather than interacting with carbohydrate
moieties added post-translationally. Supporting this expec-
tation, several studies have previously demonstrated that the
conformational profile and structural rigidity of proteins
depends on N-linked glycosylation (22, 35-38).

To investigate the therapeutic properties of the IL13Ra2
mADb and its agent, an in vivo study was performed whereby
glioma cells and the IL13Ra2 (clone 47) mAb were intrac-
ranially co-injected into brain, or antibody was injected into
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established tumor-bearing mice. Interestingly, the IL13Ra2
mAb was able to delay tumor progression and improve
survival of animals with intracranial U251 glioma xeno-
grafts most significantly in the co-injected model, demon-
strating a trend in the improvement of median survival in
animals with established glioma. Although the underlying
mechanism for this antitumor effect remains unclear, the
result establishes the therapeutic applicability of this anti-
body, or its agent (containing the IL13Ra2 binding domain
in the form of the six CDR regions, or in the form of the two
variable domains of the clone 47 anti-IL.13Ra.2), alone or in
combination with a pharmaceutical carrier, thereby provid-
ing therapies for the treatment of IL13Ra2-expressing glial
and other lineage tumors. Several antibodies have been
shown to mediate a cytotoxic effect in tumors through
Fc-mediated activation of complement (39). Antibody-de-
pendent cell-mediated cytotoxicity-induced activation of
effector cells can also contribute to the cytotoxic effect of
antibodies against targeted cells (40, 41). Anti-IL13Ra2
activity derived from the sera of animals challenged with D5
melanoma cells expressing human IL13Ra2 demonstrates
the ability to inhibit cellular growth in vitro (4).

Cancers amenable to the described treatments include
cancers in which IL13Ra2 has been found to be expressed,
including glioblastoma; medulloblastoma; Kaposi sarcoma;
and head and neck, ovarian, pancreatic, kidney, and colorec-
tal cancers (2, 43-47). Although the role of IL13Rc2 in some
cancers is not yet defined, recent reports have demonstrated
that IL13Ra2 contributes to the invasive phenotype of
ovarian, pancreatic, and colorectal cancers (5, 13). More-
over, Minn et al. (42) have suggested a relationship between
IL13Ra2 expression and breast cancer metastasis to the
lung. Additionally, Fichtner-Feigl et al. (11) demonstrated
that the interaction of IL-13 with IL13Ra2 upregulates
TGF-B1, mediating fibrosis in a bleomycin-induced model
of lung fibrosis. In light of this finding, it is expected that the
anti-IL13Ra2 antibody (clone 47) and binding agents
thereof, will be able to attenuate TGF-f1-induced pulmo-
nary fibrosis.

As disclosed herein, the described experiments led to the
generation of an anti-IL13Ra2 antibody and binding agents
thereof, all of which are specific to human IL13Ra2. The
antibody and its agent possess a high affinity for IL13Ra2
and compete with IL-13 for the binding site on IL13Ra2.
The antibody recognizes antigen expressed on the cell
surface of glioma cells as well as other IL13Ra2-expressing
cells, establishing the suitability for targeting IL13Ro2-
expressing tumor cells in vivo. The anti-IL13Ra2 antibody
and binding agents thereof are also expected to be effica-
cious and cost effective in diagnostic imaging, delivery of
antibody radionuclide conjugates, bioassays for the detec-
tion of IL13Ra2, and as a carrier for therapeutic agents in
various types of IL13Ra2-overexpressing tumors.

In methods of diagnosing, preventing, treating or amelio-
rating a symptom of a cancer, the compositions of the
disclosure are typically administered in the form of conju-
gate-transduced T cells, although administration of a vector
comprising a polynucleotide of the disclosure or adminis-
tration of a polynucleotide of the disclosure are also con-
templated, depending on the functionalities of the conjugate.
Combining a polynucleotide, vector or host cell of the
disclosure with a physiologically suitable buffer, adjuvant or
diluent yields a pharmaceutical composition according to the
disclosure, and these pharmaceutical compositions are suit-
able for administration to diagnose, prevent, treat, or ame-
liorate a symptom of, a cancer.
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A conjugate according to the disclosure, such as a fusion
protein composed of an scFv-receptor for an IL13Ra2
epitope fused to IL15/IL15Ra, is also contemplated. It is
expected that the fusion protein will eliminate clinical size
tumors or only incipient and microdisseminated cancer cells.
The disclosure further contemplates the simultaneous tar-
geting of two independent IL13Ra2 epitopes on a human
cancer, which may be essential for preventing escape from
treatment, such as CAR treatment.

Simultaneous targeting of different epitopes of IL13Ra2
by CARs should reduce the chance of escape of a cancer
subpopulation, which provides a strong reason for identify-
ing additional IL13Ra2 antibody products and/or epitopes.

The disclosure provides materials and methods that are
adaptable and can serve as the basis for a platform technol-
ogy with considerable growth potential. The cancer-specific
nature of IL13Ra2 is expected to provide targets for cancer
diagnostics, prophylactics and therapeutics that offer major
advantages over previously and presently used targets.

Consistent with the spirit of the foregoing, the following
provides a description of the materials and methods pro-
vided herein.

Disclosed herein are ILL13Ra2 binding agents comprising
each of the amino acid sequences of NYLMN (SEQ ID NO:
1); RIDPYDGDIDYNQNFKD (SEQ ID NO: 2);
GYGTAYGVDY (SEQ ID NO: 3); RASESVDNYGISFMN
(SEQ ID NO: 4); AASRQGSG (SEQ ID NO: 5); and
QQSKEVPWT (SEQ ID NO: 6). In exemplary aspects, the
binding agent comprises each of the foregoing six amino
acid sequences in addition to further sequences which pro-
vide a framework to support a three-dimensional conforma-
tion that binds to IL13Ra2. In exemplary aspects, the
IL13Ra2 binding agent comprises one or both of the amino
acid sequences of SEQ ID NO: 7 and/or SEQ ID NO: 8. In
exemplary aspects, the IL13Ra2 binding agent comprises
the amino acid sequence of SEQ ID NO: 7. In exemplary
aspects, the IL13Ra2 binding agent comprises the amino
acid sequence of SEQ ID NO: 8. In exemplary aspects, the
IL13R02 binding agent comprises both the amino acid
sequences of SEQ ID NO: 7 and SEQ ID NO: 8. In
exemplary aspects wherein both the amino acid sequences of
SEQ ID NO: 7 and SEQ ID NO: 8 are present in the binding
agent, the amino acid sequence of SEQ ID NO: 7 is fused to
the amino acid sequence of SEQ ID NO: 8 through a linker.
Suitable linkers are known in the art. In exemplary aspects,
the linker comprises a short amino acid sequence of about 5
to about 25 amino acids, e.g., about 10 to about 20 amino
acids. In exemplary aspects, the linker comprises the amino
acid sequence of EEGEFSEAR (SEQ ID NO 10). In exem-
plary aspects, the linker comprises the amino acid sequence
of AKTTPPKLEEGEFSEARYV (SEQ ID NO: 80). In exem-
plary aspects, IL13Ra2 binding agent comprises the amino
acid sequence of SEQ ID NO: 13.

In exemplary embodiments, the binding agent provided
herein further comprises additional amino acid sequences. In
exemplary aspects, the binding agent further comprises a
constant region of a heavy chain and/or a constant region of
a light chain. Sequences for heavy and light chain constant
regions are publically available. For example, the National
Center of Biotechnology Information (NCBI) nucleotide
database provides a sequence of the constant region of the
IgG1 kappa light chain. See GenBank Accession No.
DQ381549.1, incorporated herein by reference. In exem-
plary aspects, the binding agent comprises an amino acid
sequence of SEQ ID NO: 28. In exemplary aspects, the
binding agent comprises a modified amino acid sequence of
SEQ ID NO: 28. In exemplary aspects, the binding agent
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comprises an amino acid sequence which is at least 90%, at
least 93%, at least 95%, or at least 98% identical to SEQ ID
NO: 28. Also, for example, the NCBI nucleotide database
provides a sequence of the constant region of the Mus
musculus 1gG1. See GenBank Accession No. DQ381544.1.
In exemplary aspects, the binding agent comprises an amino
acid sequence of SEQ ID NO: 29. In exemplary aspects, the
binding agent comprises a modified amino acid sequence of
SEQ ID NO: 29. In exemplary aspects, the binding agent
comprises an amino acid sequence which is at least 90%, at
least 93%, at least 95%, or at least 98% identical to SEQ ID
NO: 29.

In exemplary aspects, the IL13Ra2 binding agent is an
antibody, or an antigen-binding fragment thereof. In exem-
plary aspects, the antibody comprises each of the amino acid
sequences of SEQ ID NOs: 1-6. In exemplary aspects, the
antibody comprises the amino acid sequence of SEQ ID NO:
7 and/or SEQ ID NO: 8. In exemplary aspects, the antibody
comprises the amino acid sequences of SEQ ID NO: 7 and
SEQ ID NO: 8. In exemplary aspects, the antibody com-
prises the amino acid sequences of SEQ ID NO: 7 and SEQ
ID NO: 8 and the amino acid sequence of SEQ ID NO: 7 is
fused to the amino acid sequence of SEQ ID NO: 8 through
a linker. In exemplary aspects, the linker comprises a short
amino acid sequence of about 5 to about 25 amino acids,
e.g., about 10 to about 20 amino acids. In exemplary aspects,
the linker comprises the amino acid sequence of
EEGEFSEAR (SEQ ID NO 10). In exemplary aspects, the
linker comprises the amino acid sequence of
AKTTPPKLEEGEFSEARV (SEQ ID NO: 80). In exem-
plary aspects, the antibody comprises the amino acid
sequence of SEQ ID NO: 13.

In exemplary aspects, the antibody can be any type of
immunoglobulin that is known in the art. For instance, the
antibody can be of any isotype, e.g., IgA, IgD, IgE, IgG, or
IgM. The antibody can be monoclonal or polyclonal. The
antibody can be a naturally-occurring antibody, i.e., an
antibody isolated and/or purified from a mammal, e.g.,
mouse, rabbit, goat, horse, chicken, hamster, human, and the
like. In this regard, the antibody may be considered to be a
mammalian antibody, e.g., a mouse antibody, rabbit anti-
body, goat antibody, horse antibody, chicken antibody, ham-
ster antibody, human antibody, and the like. The term
“isolated” as used herein means having been removed from
its natural environment. The term “purified,” as used herein
relates to the isolation of a molecule or compound in a form
that is substantially free of contaminants normally associ-
ated with the molecule or compound in a native or natural
environment and means having been increased in purity as
a result of being separated from other components of the
original composition. It is recognized that “purity” is a
relative term, and not to be necessarily construed as absolute
purity or absolute enrichment or absolute selection. In some
aspects, the purity is at least or about 50%, is at least or about
60%, at least or about 70%, at least or about 80%, or at least
or about 90% (e.g., at least or about 91%, at least or about
92%, at least or about 93%, at least or about 94%, at least
or about 95%, at least or about 96%, at least or about 97%,
at least or about 98%, at least or about 99% or is approxi-
mately 100%.

In exemplary aspects, the antibody comprises a constant
region of an IgG. In exemplary aspects, the antibody com-
prises a constant region of an IgG,. In exemplary aspects,
the antibody comprises a constant region of an IgG kappa
light chain. For instance, the antibody may comprise the
amino acid sequence of SEQ ID NO: 28. In exemplary
aspects, the antibody comprises an amino acid sequence that
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is highly similar to SEQ ID NO: 28. For instance, the
antibody may comprise an amino acid sequence having at
least 85% sequence identity to SEQ ID NO: 28, or an amino
acid sequence having at least 90% sequence identity to SEQ
ID NO: 28, or an amino acid sequence having at least 93%
sequence identity to SEQ ID NO: 28, or an amino acid
sequence having at least 95% sequence identity to SEQ ID
NO: 28, or an amino acid sequence having at least 98%
sequence identity to SEQ ID NO: 28.

In exemplary aspects, the antibody comprises a constant
region of a Mus musculus 1gG,. For instance, the antibody
may comprise the amino acid sequence of SEQ ID NO: 30.
In exemplary aspects, the antibody comprises an amino acid
sequence which is highly similar to SEQ ID NO: 30. For
instance, the antibody may comprise an amino acid
sequence having at least 85% sequence identity to SEQ ID
NO: 30, or an amino acid sequence having at least 90%
sequence identity to SEQ ID NO: 30, or an amino acid
sequence having at least 93% sequence identity to SEQ ID
NO: 30, or an amino acid sequence having at least 95%
sequence identity to SEQ ID NO: 30, or an amino acid
sequence having at least 98% sequence identity to SEQ ID
NO: 30.

The anti-IL.13Ra2 antibodies and fragments thereof of the
disclosure can have any level of affinity or avidity for
IL13Ra2. The dissociation constant (K,) may be any of
those exemplary dissociation constants described herein
with regard to binding units. Binding constants, including
dissociation constants, are determined by methods known in
the art, including, for example, methods that utilize the
principles of surface plasmon resonance, e.g., methods uti-
lizing a Biacore™ system. In accordance with the foregoing,
in some embodiments, the antibody is in monomeric form,
while in other embodiments, the antibody is in polymeric
form. In certain embodiments in which the antibody com-
prises two or more distinct antigen binding regions or
fragments, the antibody is considered bispecific, trispecific,
or multi-specific, or bivalent, trivalent, or multivalent,
depending on the number of distinct epitopes that are
recognized and bound by the binding agent.

Because the binding agent of the disclosures can compete
with IL13 for binding to IL13Ra2, the antibody in exem-
plary aspects is considered to be a blocking antibody or
neutralizing antibody. In some aspects, the K, of the binding
agent is about the same as the K, of the native ligand, 1L.13,
for IL13Ra2. In some aspects, the K, of the binding agent
is lower (e.g., at least 0.5-fold lower, at least 1-fold lower,
at least 2-fold lower, at least 5-fold lower, at least 10-fold
lower, at least 25-fold lower, at least 50-fold lower, at least
75-fold lower, at least 100-fold lower) than the K, of IL.13
for IL13Ra2. In exemplary aspects, the K, is between about
0.0001 nM and about 100 nM. In some embodiments, the
K is at least or about 0.0001 nM, at least or about 0.001 nM,
at least or about 0.01 nM, at least or about 0.1 nM, at least
or about 1 nM, or at least or about 10 nM. In some
embodiments, the K, is no more than or about 100 nM, no
more than or about 75 nM, no more than or about 50 nM, or
no more than or about 25 nM. In exemplary aspects, the
antibody has a K, for human IL.13Ra.2 that is no greater than
about 1.39x10°M.

In exemplary aspects, the binding agent, e.g., antibody, or
antigen binding fragment thereof, does not bind to human
IL13Ral.

In exemplary embodiments, the antibody is a genetically
engineered antibody, e.g., a single chain antibody, a human-
ized antibody, a chimeric antibody, a CDR-grafted antibody,
an antibody that includes portions of CDR sequences spe-
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cific for IL13Ra2 (e.g., an antibody that includes CDR
sequences of SEQ ID NOs: 1-6), a humaneered or human-
ized antibody, a bispecific antibody, a trispecific antibody,
and the like, as defined in greater detail herein. Genetic
engineering techniques also provide the ability to make fully
human antibodies in a non-human.

In some aspects, the antibody is a chimeric antibody. The
term “chimeric antibody” is used herein to refer to an
antibody containing constant domains from one species and
the variable domains from a second, or more generally,
containing stretches of amino acid sequence from at least
two species.

In some aspects, the antibody is a humanized antibody.
The term “humanized” when used in relation to antibodies
is used to refer to antibodies having at least CDR regions
from a nonhuman source that are engineered to have a
structure and immunological function more similar to true
human antibodies than the original source antibodies. For
example, humanizing can involve grafting CDR from a
non-human antibody, such as a mouse antibody, into a
human antibody. Humanizing also can involve select amino
acid substitutions to make a non-human sequence look more
like a human sequence, as would be known in the art.

Use of the terms “chimeric or humanized” herein is not
meant to be mutually exclusive; rather, is meant to encom-
pass chimeric antibodies, humanized antibodies, and chime-
ric antibodies that have been further humanized. Except
where context otherwise indicates, statements about (prop-
erties of, uses of, testing, and so on) chimeric antibodies
apply to humanized antibodies, and statements about
humanized antibodies pertain also to chimeric antibodies.
Likewise, except where context dictates, such statements
also should be understood to be applicable to antibodies and
antigen binding fragments of such antibodies.

In some aspects of the disclosure, the binding agent is an
antigen binding fragment of an antibody that specifically
binds to an IL.13Ra.2 in accordance with the disclosure. The
antigen binding fragment (also referred to herein as “antigen
binding portion”) may be an antigen binding fragment of
any of the antibodies described herein. The antigen binding
fragment can be any part of an antibody that has at least one
antigen binding site, including, but not limited to, Fab,
F(ab"),, dsFv, sFv, scFv, diabodies, triabodies, bis-scFvs,
fragments expressed by a Fab expression library, domain
antibodies, VhH domains, V-NAR domains, VH domains,
VL domains, and the like. Antibody fragments of the inven-
tion, however, are not limited to these exemplary types of
antibody fragments.

In exemplary aspects, the IL13Ra2 binding agent is an
antigen binding fragment. In exemplary aspects, the antigen
binding fragment comprises each of the amino acid
sequences of SEQ ID NOs: 1-6. In exemplary aspects, the
antigen binding fragment comprises the amino acid
sequence of SEQ ID NO: 7 and/or SEQ ID NO: 8. In
exemplary aspects, the antigen binding fragment comprises
the amino acid sequences of SEQ ID NO: 7 and SEQ ID NO:
8. In exemplary aspects, the antigen binding fragment com-
prises the amino acid sequences of SEQ ID NO: 7 and SEQ
ID NO: 8 and the amino acid sequence of SEQ ID NO: 7 is
fused to the amino acid sequence of SEQ ID NO: 8 through
a linker. In exemplary aspects, the linker comprises a short
amino acid sequence of about 5 to about 25 amino acids,
e.g., about 10 to about 20 amino acids. In exemplary aspects,
the linker comprises the amino acid sequence of
EEGEFSEAR (SEQ ID NO 10). In exemplary aspects, the
linker comprises the amino acid sequence of
AKTTPPKLEEGEFSEARV (SEQ ID NO: 80). In exem-
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plary aspects, the antigen binding fragment provided herein
comprises the amino acid sequence of SEQ ID NO: 13.

In exemplary aspects, the antigen binding fragment com-
prises a leader sequence. Optionally, the leader sequence, in
some aspects, is located N-terminal to the heavy chain
variable region. In exemplary aspects, the antigen binding
fragment comprises an Ig kappa leader sequence. Suitable
leader sequences are known in the art, and include, for
example, an Ig kappa leader sequence of METDTLLL-
WVLLLWVPGSTGD (SEQ ID NO: 9).

In exemplary aspects, an antigen binding fragment com-
prises one more tag sequences. Tag sequences may assist in
the production and characterization of the manufactured
antigen binding fragment. In exemplary aspects, the antigen
binding fragment comprises one or more tag sequences
C-terminal to the light chain variable region. Suitable tag
sequences are known in the art and include, but are not
limited to, Myc tags, His tags, and the like. In exemplary
aspects, an antigen binding fragment comprises a Myc tag of
GGPEQKLISEEDLN (SEQ ID NO: 11). In exemplary
aspects, an antigen binding fragment comprises a His tag
sequence of HHHHHH (SEQ ID NO: 12).

In exemplary aspects, the antigen binding fragment of the
disclosures comprises, from the N- to the C-terminus, a
leader sequence, a heavy chain variable region, a linker
sequence, a light chain variable region, a Myc tag (e.g., SEQ
ID NO: 11), and a His tag (e.g.,, SEQ ID NO: 12). In
exemplary aspects, the antigen binding fragment of the
disclosure comprises the amino acid sequence of SEQ ID
NO: 14.

In exemplary aspects, the antigen binding fragment is a
domain antibody. A domain antibody comprises a functional
binding unit of an antibody, and can correspond to the
variable regions of either the heavy (V) or light (V) chains
of antibodies. A domain antibody can have a molecular
weight of approximately 13 kDa, or approximately one-
tenth the weight of a full antibody. Domain antibodies may
be derived from full antibodies, such as those described
herein. The antigen binding fragments in some embodiments
are monomeric or polymeric, bispecific or trispecific, and
bivalent or trivalent.

Antibody fragments that contain the antigen binding, or
idiotope, of the antibody molecule share a common idiotype
and are contemplated by the disclosure. Such antibody
fragments may be generated by techniques known in the art
and include, but are not limited to, the F(ab'), fragment
which may be produced by pepsin digestion of the antibody
molecule; the Fab' fragments which may be generated by
reducing the disulfide bridges of the F(ab"), fragment, and
the two Fab' fragments which may be generated by treating
the antibody molecule with papain and a reducing agent.

In exemplary aspects, the binding agent provided herein
is a single-chain variable region fragment (scFv) antibody
fragment. An scFv may consist of a truncated Fab fragment
comprising the variable (V) domain of an antibody heavy
chain linked to a V domain of an antibody light chain via a
synthetic peptide, and it can be generated using routine
recombinant DNA technology techniques (see, e.g.,
Janeway et al., Immunobiology, 2"¢ Edition, Garland Pub-
lishing, New York, (1996)). Similarly, disulfide-stabilized
variable region fragments (dsFv) can be prepared by recom-
binant DNA technology (see, e.g., Reiter et al., Protein
Engineering, 7, 697-704 (1994)).

In exemplary aspects, the IL13Ra2 binding agent pro-
vided herein is an scFv. In exemplary aspects, the scFv
comprises each of the amino acid sequences of SEQ ID
NOs: 1-6. In exemplary aspects, the scFv comprises the
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amino acid sequence of SEQ ID NO: 7 or SEQ ID NO: 8.
In exemplary aspects, the scFv comprises the amino acid
sequences of SEQ ID NO: 7 and SEQ ID NO: 8. In
exemplary aspects, the scFv comprises the amino acid
sequences of SEQ ID NO: 7 and SEQ ID NO: 8 and the
amino acid sequence of SEQ ID NO: 7 is fused to the amino
acid sequence of SEQ ID NO: 8 through a linker. In
exemplary aspects, the linker comprises a short amino acid
sequence of about 5 to about 25 amino acids, e.g., about 10
to about 20 amino acids. In exemplary aspects, the linker
comprises the amino acid sequence of EEGEFSEAR (SEQ
ID NO 10). In exemplary aspects, the linker comprises the
amino acid sequence of AKTTPPKLEEGEFSEARV (SEQ
ID NO: 80). In exemplary aspects, the scFv provided herein
comprises the amino acid sequence of SEQ ID NO: 13.

Recombinant antibody fragments, e.g., scFvs of the dis-
closure, can also be engineered to assemble into stable
multimeric oligomers of high binding avidity and specificity
to different target antigens. Such diabodies (dimers), tria-
bodies (trimers) or tetrabodies (tetramers) are well known in
the art. See e.g., Kortt et al., Biomol Eng. 2001 18:95-108,
(2001) and Todorovska et al., J Immunol Methods. 248:47-
66, (2001).

In exemplary aspects, the binding agent is a bispecific
antibody (bscAb). Bispecific antibodies are molecules com-
prising two single-chain Fv fragments joined via a glycine-
serine linker using recombinant methods. The V light-chain
(V) and V heavy-chain (V) domains of two antibodies of
interest in exemplary embodiments are isolated using stan-
dard PCR methods. The V, and V,, cDNAs obtained from
each hybridoma are then joined to form a single-chain
fragment in a two-step fusion PCR. Bispecific fusion pro-
teins are prepared in a similar manner. Bispecific single-
chain antibodies and bispecific fusion proteins are antibody
substances included within the scope of the present inven-
tion. Exemplary bispecific antibodies are taught in U.S.
Patent Application Publication No. 2005-0282233A1 and
International Patent Application Publication No. WO 2005/
087812, both applications of which are incorporated herein
by reference in their entireties.

In exemplary aspects, the binding agent is a bispecific
T-cell engaging antibody (BiTE) containing two scFvs pro-
duced as a single polypeptide chain. In exemplary aspects,
the binding agent is a BiTE comprising two scFvs, wherein
at least one comprises each of the amino acid sequences of
SEQ ID NOs: 1-6 or comprises SEQ ID NO: 7 and/or SEQ
ID NO: 8. Methods of making and using BiTE antibodies are
described in the art. See, e.g., Cioffi et al., Clin Cancer Res
18: 465, Brischwein et al., Mol Immunol 43:1129-43 (2006);
Amann M et al., Cancer Res 68:143-51 (2008); Schlereth et
al., Cancer Res 65: 2882-2889 (2005); and Schlereth et al.,
Cancer Immunol Immunother 55:785-796 (2006).

In exemplary aspects, the binding agent is a dual affinity
re-targeting antibody (DART). DARTs are produced as
separate polypeptides joined by a stabilizing interchain
disulphide bond. In exemplary aspects, the binding agent is
a DART comprising an scFv comprising each of the amino
acid sequences of SEQ ID NOs: 1-6 or comprises SEQ ID
NO: 7 and/or SEQ ID NO: 8. Methods of making and using
DART antibodies are described in the art. See, e.g., Rossi et
al., MAbs 6: 381-91 (2014); Fournier and Schirrmacher,
BioDrugs 27:35-53 (2013); Johnson et al., J Mol Biol
399:436-449 (2010); Brien et al., J Virol 87: 7747-7753
(2013); and Moore et al., Blood 117:4542 (2011).

In exemplary aspects, the binding agent is a tetravalent
tandem diabody (TandAbs) in which an antibody fragment
is produced as a non-covalent homodimer folder in a head-
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to-tail arrangement. In exemplary aspects, the binding agent
is a TandAbs comprising an scFv comprising each of the
amino acid sequences of SEQ ID NOs: 1-6 or comprises
SEQ ID NO: 7 and/or SEQ ID NO: 8. TandAbs are known
in the art. See, e.g., McAleese et al., Future Oncol 8:
687-695 (2012); Portner et al., Cancer Immunol Immunother
61:1869-1875 (2012); and Reusch et al., MAbs 6:728
(2014).

In exemplary aspects, the BiTE, DART, or TandAbs
comprises the CDRs of SEQ ID NOs: 1-6. In exemplary
aspects, the BiTE, DART, or TandAbs comprises the amino
acid sequence of SEQ ID NOs: 7 and 8. In exemplary
aspects, the BiTE, DART, or TandAbs comprises SEQ ID
NOs: 13.

Suitable methods of making antibodies are known in the
art. For instance, standard hybridoma methods are described
in, e.g., Harlow and Lane (eds.), Antibodies: A Laboratory
Manual, CSH Press (1988), and CA. Janeway et al. (eds.),
Immunobiology, 5% Ed., Garland Publishing, New York,
N.Y. (2001)).

Monoclonal antibodies for use in the invention may be
prepared using any technique that provides for the produc-
tion of antibody molecules by continuous cell lines in
culture. These include, but are not limited to, the hybridoma
technique originally described by Koehler and Milstein
(Nature 256: 495-497, 1975), the human B-cell hybridoma
technique (Kosbor et al., Immunol Today 4:72, 1983; Cote
et al., Proc Natl Acad Sci 80: 2026-2030, 1983) and the
EBV-hybridoma technique (Cole et al., Monoclonal Anti-
bodies and Cancer Therapy, Alan R Liss Inc, New York N.Y.,
pp 77-96, (1985).

Briefly, a polyclonal antibody is prepared by immunizing
an animal with an immunogen comprising a polypeptide of
the present invention and collecting antisera from that
immunized animal. A wide range of animal species can be
used for the production of antisera. In some aspects, an
animal used for production of anti-antisera is a non-human
animal including rabbits, mice, rats, hamsters, goat, sheep,
pigs or horses. Because of the relatively large blood volume
of rabbits, a rabbit, in some exemplary aspects, is a preferred
choice for production of polyclonal antibodies. In an exem-
plary method for generating a polyclonal antisera immu-
noreactive with the chosen IL13Ra2 epitope, 50 pg of
IL13Ra2 antigen is emulsified in Freund’s Complete Adju-
vant for immunization of rabbits. At intervals of, for
example, 21 days, 50 pg of epitope are emulsified in
Freund’s Incomplete Adjuvant for boosts. Polyclonal anti-
sera may be obtained, after allowing time for antibody
generation, simply by bleeding the animal and preparing
serum samples from the whole blood.

Briefly, in exemplary embodiments, to generate monoclo-
nal antibodies, a mouse is injected periodically with recom-
binant IL.13Ra2 against which the antibody is to be raised
(e.g., 10-20 pg IL13Ra2 emulsified in Freund’s Complete
Adjuvant). The mouse is given a final pre-fusion boost of a
IL13Ra2 polypeptide containing the epitope that allows
specific recognition of lymphatic endothelial cells in PBS,
and four days later the mouse is sacrificed and its spleen
removed. The spleen is placed in 10 ml serum-free RPMI
1640, and a single cell suspension is formed by grinding the
spleen between the frosted ends of two glass microscope
slides submerged in serum-free RPMI 1640, supplemented
with 2 mM L-glutamine, 1 mM sodium pyruvate, 100
units/ml penicillin, and 100 pg/ml streptomycin (RPMI)
(Gibco, Canada). The cell suspension is filtered through
sterile 70-mesh Nitex cell strainer (Becton Dickinson, Par-
sippany, N.J.), and is washed twice by centrifuging at 200 g
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for 5 minutes and resuspending the pellet in 20 ml serum-
free RPMI. Splenocytes taken from three naive Balb/c mice
are prepared in a similar manner and used as a control. NS-1
myeloma cells, kept in log phase in RPMI with 11% fetal
bovine serum (FBS) (Hyclone Laboratories, Inc., Logan,
Utah) for three days prior to fusion, are centrifuged at 200
g for 5 minutes, and the pellet is washed twice.

Spleen cells (1x10%) are combined with 2.0x107 NS-1
cells and centrifuged, and the supernatant is aspirated. The
cell pellet is dislodged by tapping the tube, and 1 ml of 37°
C. PEG 1500 (50% in 75 mM Hepes, pH 8.0) (Boehringer
Mannheim) is added with stirring over the course of 1
minute, followed by the addition of 7 ml of serum-free
RPMI over 7 minutes. An additional 8 ml RPMI is added and
the cells are centrifuged at 200 g for 10 minutes. After
discarding the supernatant, the pellet is resuspended in 200
ml RPMI containing 15% FBS, 100 uM sodium hypoxan-
thine, 0.4 uM aminopterin, 16 uM thymidine (HAT) (Gibco),
25 units/ml IL-6 (Boehringer Mannheim) and 1.5x10° sple-
nocytes/ml and plated into 10 Corning flat-bottom 96-well
tissue culture plates (Corning, Corning N.Y.).

On days 2, 4, and 6, after the fusion, 100 pl of medium is
removed from the wells of the fusion plates and replaced
with fresh medium. On day 8, the fusion is screened by
ELISA, testing for the presence of mouse IgG binding to
IL13Ra2 as follows. Immulon 4 plates (Dynatech, Cam-
bridge, Mass.) are coated for 2 hours at 37° C. with 100
ng/well of IL13Ra2 diluted in 25 mM Tris, pH 7.5. The
coating solution is aspirated and 200 pl/well of blocking
solution (0.5% fish skin gelatin (Sigma) diluted in CMF-
PBS) is added and incubated for 30 minutes at 37° C. Plates
are washed three times with PBS containing 0.05% Tween
20 (PBST) and 50 pl culture supernatant is added. After
incubation at 37° C. for 30 minutes, and washing as above,
50 pl of horseradish peroxidase-conjugated goat anti-mouse
IgG(Fc) (Jackson ImmunoResearch, West Grove, Pa.)
diluted 1:3500 in PBST is added. Plates are incubated as
above, washed four times with PBST, and 100 pl substrate,
consisting of 1 mg/ml o-phenylene diamine (Sigma) and 0.1
ul/ml 30% H,O, in 100 mM citrate, pH 4.5, are added. The
color reaction is stopped after 5 minutes with the addition of
50 ul of 15% H,SO,. The A, absorbance is determined
using a plate reader (Dynatech).

Selected fusion wells are cloned twice by dilution into
96-well plates and visual scoring of the number of colonies/
well after 5 days. The monoclonal antibodies produced by
hybridomas are isotyped using the Isostrip system (Boeh-
ringer Mannheim, Indianapolis, Ind.).

When the hybridoma technique is employed, myeloma
cell lines may be used. Such cell lines suited for use in
hybridoma-producing fusion procedures preferably are non-
antibody-producing, have high fusion efliciency, and
enzyme deficiencies that render them incapable of growing
in certain selective media that support the growth of only the
desired fused cells (hybridomas). For example, where the
immunized animal is a mouse, one may use P3-X63/Ag8,
P3-X63-Ag8.653, NS1/1.Ag 4 1, Sp210-Ag14, FO, NSO/U,
MPC-11, MPC11-X45-GTG 1.7 and S194/15XX0 Bul; for
rats, one may use R210.RCY3, Y3-Ag 1.2.3, IR983F and
4B210; and U-266, GM1500-GRG2, LICR-LON-HMy2
and UC729-6 are all useful in connection with cell fusions.
It should be noted that the hybridomas and cell lines
produced by such techniques for producing the monoclonal
antibodies are contemplated to be compositions of the
disclosure.

Depending on the host species, various adjuvants may be
used to increase an immunological response. Such adjuvants
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include, but are not limited to, Freund’s, mineral gels such
as aluminum hydroxide, and surface active substances such
as lysolecithin, pluronic polyols, polyanions, peptides, oil
emulsions, keyhole limpet hemocyanin, and dinitrophenol.
BCG (bacilli Calmette-Guerin) and Corynebacterium
parvum are potentially useful human adjuvants.

Alternatively, other methods, such as EBV-hybridoma
methods (Haskard and Archer, J. Immunol. Methods, 74(2),
361-67 (1984),and Roder et al.; Methods Enzymol., 121,
140-67 (1986)), and bacteriophage vector expression sys-
tems (see, e.g., Huse et al., Science, 246, 1275-81 (1989))
that are known in the art may be used. Further, methods of
producing antibodies in non-human animals are described
in, e.g., U.S. Pat. Nos. 5,545,806, 5,569,825, and 5,714,352,
and U.S. Patent Application Publication No. 2002/0197266
Al).

Antibodies may also be produced by inducing in vivo
production in the lymphocyte population or by screening
recombinant immunoglobulin libraries or panels of highly
specific binding reagents as disclosed in Orlandi et al. (Proc.
Natl. Acad. Sci. 86: 3833-3837; 1989), and Winter and
Milstein (Nature 349: 293-299, 1991).

Furthermore, phage display can be used to generate an
antibody of the disclosure. In this regard, phage libraries
encoding antigen-binding variable (V) domains of antibod-
ies can be generated using standard molecular biology and
recombinant DNA techniques (see, e.g., Sambrook et al.
(eds.), Molecular Cloning, A Laboratory Manual, 3" Edi-
tion, Cold Spring Harbor Laboratory Press, New York
(2001)). Phage encoding a variable region with the desired
specificity are selected for specific binding to the desired
antigen, and a complete or partial antibody is reconstituted
comprising the selected variable domain. Nucleic acid
sequences encoding the reconstituted antibody are intro-
duced into a suitable cell line, such as a myeloma cell used
for hybridoma production, such that antibodies having the
characteristics of monoclonal antibodies are secreted by the
cell (see, e.g., Janeway et al., supra, Huse et al., supra, and
U.S. Pat. No. 6,265,150). Related methods also are
described in U.S. Pat. Nos. 5,403,484; 5,571,698, 5,837,
500; and 5,702,892. The techniques described in U.S. Pat.
Nos. 5,780,279; 5,821,047; 5,824,520, 5,855,885; 5,858,
657; 5,871,907, 5,969,108; 6,057,098; and 6,225,447, are
also contemplated as useful in preparing antibodies accord-
ing to the disclosure.

Antibodies can be produced by transgenic mice that are
transgenic for specific heavy and light chain immunoglobu-
lin genes. Such methods are known in the art and described
in, for example U.S. Pat. Nos. 5,545,806 and 5,569,825, and
Janeway et al., supra.

Methods for generating humanized antibodies are well
known in the art and are described in detail in, for example,
Janeway et al., supra, U.S. Pat. Nos. 5,225,539; 5,585,089;
and 5,693,761; European Patent No. 0239400 B1; and
United Kingdom Patent No. 2188638. Humanized antibod-
ies can also be generated using the antibody resurfacing
technology described in U.S. Pat. No. 5,639,641 and Ped-
ersen et al., J. Mol. Biol., 235:959-973 (1994).

Techniques developed for the production of “chimeric
antibodies,” the splicing of mouse antibody genes to human
antibody genes to obtain a molecule with appropriate anti-
gen specificity and biological activity, can be used (Morrison
etal., Proc. Natl. Acad. Sci. 81: 6851-6855, 1984; Neuberger
et al., Nature 312: 604-608, 1984; and Takeda et al., Nature
314: 452-454; 1985). Alternatively, techniques described for
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the production of single-chain antibodies (U.S. Pat. No.
4,946,778) can be adapted to produce IL13Ra2-specific
single chain antibodies.

A preferred chimeric or humanized antibody has a human
constant region, while the variable region, or at least a CDR,
of the antibody is derived from a non-human species.
Methods for humanizing non-human antibodies are well
known in the art. (see U.S. Pat. Nos. 5,585,089, and 5,693,
762). Generally, a humanized antibody has one or more
amino acid residues introduced into a CDR region and/or
into its framework region from a source which is non-
human. Humanization can be performed, for example, using
methods described in Jones et al. (Nature 321: 522-525,
1986), Riechmann et al., (Nature, 332: 323-327, 1988) and
Verhoeyen et al. (Science 239:1534-1536, 1988), by substi-
tuting at least a portion of a rodent complementarity-deter-
mining region (CDR) for the corresponding region of a
human antibody. Numerous techniques for preparing engi-
neered antibodies are described, e.g., in Owens and Young,
J. Immunol. Meth., 168:149-165 (1994). Further changes
can then be introduced into the antibody framework to
modulate affinity or immunogenicity.

Consistent with the foregoing description, compositions
comprising CDRs may be generated using, at least in part,
techniques known in the art to isolate CDRs. Complemen-
tarity-determining regions are characterized by six polypep-
tide loops, three loops for each of the heavy or light chain
variable regions. The amino acid position in a CDR is
defined by Kabat et al., “Sequences of Proteins of Immu-
nological Interest,” U.S. Department of Health and Human
Services, (1983), which is incorporated herein by reference.
For example, hypervariable regions of human antibodies are
roughly defined to be found at residues 28 to 35, from 49-59
and from residues 92-103 of the heavy and light chain
variable regions [Janeway et al., supra]. The murine CDRs
also are found at approximately these amino acid residues.
It is understood in the art that CDR regions may be found
within several amino acids of the approximated amino acid
positions set forth above. An immunoglobulin variable
region also consists of four “framework™ regions surround-
ing the CDRs (FR1-4). The sequences of the framework
regions of different light or heavy chains are highly con-
served within a species, and are also conserved between
human and murine sequences.

Compositions comprising one, two, and/or three CDRs of
a heavy chain variable region or a light chain variable region
of'a monoclonal antibody are generated. For example, using
antibody of hybridoma clone 47 comprising the CDRs
having the sequences of SEQ ID NOs: 1-6, polypeptide
compositions comprising these CDRs are generated. Poly-
peptide compositions comprising one, two, three, four, five
and/or six complementarity-determining regions of an anti-
body are also contemplated. Using the conserved framework
sequences surrounding the CDRs, PCR primers complemen-
tary to these consensus framework sequences are generated
to amplify the CDR sequence located between the primer
regions. Techniques for cloning and expressing nucleotide
and polypeptide sequences are well-established in the art
[see e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2" Edition, Cold Spring Harbor, N.Y. (1989)]. The
amplified CDR sequences are ligated into an appropriate
plasmid. The plasmid comprising one, two, three, four, five
and/or six cloned CDRs optionally contains additional poly-
peptide encoding regions linked to the CDR.

It is contemplated that modified polypeptide compositions
comprising one, two, three, four, five, or six CDRs of a
heavy or light chain of SEQ ID NOs: 1-6 are generated,
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wherein a CDR is altered to provide increased specificity or
affinity or avidity to the target IL13Ra2. Sites at locations in
the CDRs are typically modified in series, e.g., by substi-
tuting first with conservative choices (e.g., hydrophobic
amino acid substituted for a non-identical hydrophobic
amino acid) and then with more dissimilar choices (e.g.,
hydrophobic amino acid substituted for a charged amino
acid), and then deletions or insertions may be made at the
target site.

Framework regions (FR) of a murine antibody are human-
ized by substituting compatible human framework regions
chosen from a large database of human antibody variable
sequences, including over twelve hundred human V,
sequences and over one thousand V, sequences. The data-
base of antibody sequences used for comparison is down-
loaded from Andrew C. R. Martin’s KabatMan web page
(http://www.rubic.rdg.ac.uk/abs/). The Kabat method for
identifying CDRs provides a means for delineating the
approximate CDR and framework regions of any human
antibody and comparing the sequence of a murine antibody
for similarity to determine the CDRs and FRs. Best matched
human V and V, sequences are chosen on the basis of high
overall framework matching, similar CDR length, and mini-
mal mismatching of canonical and V,/V,; contact residues.
Human framework regions most similar to the murine
sequence are inserted between the murine CDRs. Alterna-
tively, the murine framework region may be modified by
making amino acid substitutions of all or part of the native
framework region that more closely resemble a framework
region of a human antibody.

“Conservative” amino acid substitutions are made on the
basis of similarity in polarity, charge, solubility, hydropho-
bicity, hydrophilicity, and/or the amphipathic nature of the
residues involved. For example, nonpolar (hydrophobic)
amino acids include alanine (Ala, A), leucine (Leu, L),
isoleucine (Ile, I), valine (Val, V), proline (Pro, P), phenyl-
alanine (Phe, F), tryptophan (Trp, W), and methionine (Met,
M); polar neutral amino acids include glycine (Gly, G),
serine (Ser, S), threonine (Thr, T), cysteine (Cys, C), tyro-
sine (Tyr, Y), asparagine (Asn, N), and glutamine (Gln, Q);
positively charged (basic) amino acids include arginine
(Arg, R), lysine (Lys, K), and histidine (His, H); and
negatively charged (acidic) amino acids include aspartic
acid (Asp, D) and glutamic acid (Glu, E). “Insertions” or
“deletions™ are preferably in the range of about 1 to 20
amino acids, more preferably 1 to 10 amino acids. The
variation may be introduced by systematically making sub-
stitutions of amino acids in a polypeptide molecule using
recombinant DNA techniques and assaying the resulting
recombinant variants for activity. Nucleic acid alterations
can be made at sites that differ in the nucleic acids from
different species (variable positions) or in highly conserved
regions (constant regions). Methods for expressing polypep-
tide compositions useful in the invention are described in
greater detail below.

Additionally, another useful technique for generating anti-
bodies for use in the methods of the disclosure may be one
which uses a rational design-type approach. The goal of
rational design is to produce structural analogs of biologi-
cally active polypeptides or compounds with which they
interact (agonists, antagonists, inhibitors, peptidomimetics,
binding partners, and the like). In this case, the active
polypeptides comprise the sequences of SEQ ID NOs: 1-6
disclosed herein. By creating such analogs, it is possible to
fashion additional antibodies which are more immunoreac-
tive than the native or natural molecule. In one approach,
one would generate a three-dimensional structure for the
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antibodies or an epitope binding fragment thereof. This
could be accomplished by x-ray crystallography, computer
modeling or by a combination of both approaches. An
alternative approach, “alanine scan,” involves the random
replacement of residues throughout a molecule with alanine,
and the resulting effect on function is determined.

It also is possible to solve the crystal structure of the
specific antibodies. In principle, this approach yields a
pharmacore upon which subsequent drug design can be
based. It is possible to bypass protein crystallography alto-
gether by generating anti-idiotypic antibodies to a func-
tional, pharmacologically active antibody. As a mirror image
of a mirror image, the binding site of anti-idiotype antibody
is expected to be an analog of the original antigen. The
anti-idiotype antibody is then be used to identify and isolate
additional antibodies from banks of chemically- or biologi-
cally-produced peptides.

Chemically synthesized bispecific antibodies may be pre-
pared by chemically crosslinking heterologous Fab or
F(ab"), fragments by means of chemicals such as heterobi-
functional reagent succinimidyl-3-(2-pyridyldithiol)-propi-
onate (SPDP, Pierce Chemicals, Rockford, I11.). The Fab and
F(ab'), fragments can be obtained from intact antibody by
digesting it with papain or pepsin, respectively (Karpovsky
et al.,, J. Exp. Med. 160:1686-701, 1984; Titus et al., J.
Immunol., 138:4018-22, 1987).

Methods of testing antibodies for the ability to bind to the
epitope of the IL13Ra.2, regardless of how the antibodies are
produced, are known in the art and include any antibody-
antigen binding assay such as, for example, radioimmuno-
assay (MA), ELISA, Western blot, immunoprecipitation,
and competitive inhibition assays (see, e.g., Janeway et al.,
infra, and U.S. Patent Application Publication No. 2002/
0197266 Al).

Selection of antibodies from an antibody population for
purposes herein also include using blood vessel endothelial
cells to “subtract” those antibodies that cross-react with
epitopes on such cells other than IL13Ra2 epitopes. The
remaining antibody population is enriched in antibodies
preferential for IL13Ra2 epitopes.

Aptamers

Recent advances in the field of combinatorial sciences
have identified short polymer sequences (e.g., oligonucleic
acid or peptide molecules) with high affinity and specificity
to a given target. For example, SELEX technology has been
used to identify DNA and RNA aptamers with binding
properties that rival mammalian antibodies, the field of
immunology has generated and isolated antibodies or anti-
body fragments which bind to a myriad of compounds, and
phage display has been utilized to discover new peptide
sequences with very favorable binding properties. Based on
the success of these molecular evolution techniques, it is
certain that molecules can be created which bind to any
target molecule. A loop structure is often involved with
providing the desired binding attributes as in the case of
aptamers, which often utilize hairpin loops created from
short regions without complementary base pairing, naturally
derived antibodies that utilize combinatorial arrangement of
looped hyper-variable regions and new phage-display librar-
ies utilizing cyclic peptides that have shown improved
results when compared to linear peptide phage display
results. Thus, sufficient evidence has been generated to
indicate that high affinity ligands can be created and iden-
tified by combinatorial molecular evolution techniques. For
the present disclosure, molecular evolution techniques can
be used to isolate binding agents specific for the IL13Ra2
disclosed herein. For more on aptamers, see generally, Gold,
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L., Singer, B., He, Y. Y., Brody. E., “Aptamers As Thera-
peutic And Diagnostic Agents,” J. Biotechnol. 74:5-13
(2000). Relevant techniques for generating aptamers are
found in U.S. Pat. No. 6,699,843, which is incorporated
herein by reference in its entirety.

In some embodiments, the aptamer is generated by pre-
paring a library of nucleic acids; contacting the library of
nucleic acids with a growth factor, wherein nucleic acids
having greater binding affinity for the growth factor (relative
to other library nucleic acids) are selected and amplified to
yield a mixture of nucleic acids enriched for nucleic acids
with relatively higher affinity and specificity for binding to
the growth factor. The processes may be repeated, and the
selected nucleic acids mutated and rescreened, whereby a
growth factor aptamer is identified. Nucleic acids may be
screened to select for molecules that bind to more than
target. Binding more than one target can refer to binding
more than one simultaneously or competitively. In some
embodiments, a binding agent comprises at least one
aptamer, wherein a first binding unit binds a first epitope of
an IL13Ro2 and a second binding unit binds a second
epitope of the IL13Ra.2.

With regard to the binding agents of the compositions of
the disclosure, ligand-induced activation of the IL13Ra2 is
reduced upon binding of the binding agent to the IL13Ra.2.
As used herein, the term “reduce” as well as like terms, e.g.,
“inhibit,” do not necessarily imply 100% or a complete
reduction or inhibition. Rather, there are varying degrees of
reduction or inhibition of which one of ordinary skill in the
art recognizes as having a potential benefit or therapeutic
effect. Accordingly, in some embodiments, ligand-induced
activation of the IL.13Ra2 is completely abolished. In some
embodiments, ligand-induced activation is substantially
reduced, e.g., reduced by about 10% (e.g., by about 20%, by
about 30%, by about 40%, by about 50%, by about 60%, by
about 70%, by about 80%, by about 90%) or more, as
compared to ligand-induced activation of the IL13Ra2
when the binding agent is absent or not bound to the
IL13R02. Methods of measuring ligand-induced activation
of an IL13Ra2 are known in the art, and include, for
example, the assays described in the Examples, below.

Conjugates

Conjugates comprising a targeting domain and an effector
domain are disclosed herein. In exemplary embodiments, the
conjugate comprises any one of the binding agents disclosed
herein as the targeting domain to localize the conjugate to a
cell expressing IL13Ra2, e.g., a tumor cell expressing the
same, and an effector domain. In exemplary aspects, the
conjugate is a fusion protein. In exemplary aspects, the
conjugate is a chimeric protein. As used herein, the term
“chimeric” refers to a molecule composed of parts of dif-
ferent origins. A chimeric molecule, as a whole, is non-
naturally occurring, e.g., synthetic or recombinant, although
the parts which comprise the chimeric molecule may be
naturally occurring.

Exemplary Effector Domains

As used herein, the term “effector domain” refers to a
portion of a conjugate that effects a desired biological
function. In exemplary aspects, the effector domain identi-
fies or locates IL13Ra2-expressing cells. For example, the
effector domain may be a diagnostic agent, e.g., a radiolabel,
a fluorescent label, an enzyme (e.g., that catalyzes a calo-
rimetric or fluorometric reaction), a substrate, a solid matrix,
or a carrier (e.g., biotin or avidin). The diagnostic agent in
some aspects is an imaging agent. Many appropriate imag-
ing agents are known in the art, as are methods of attaching
the labeling agents to the peptides of the invention (see, e.g.,
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U.S. Pat. Nos. 4,965,392; 4,472,509; 5,021,236; and 5,037,
630; each incorporated herein by reference). The imaging
agents are administered to a subject in a pharmaceutically
acceptable carrier, and allowed to accumulate at a target site
having the lymphatic endothelial cells. This imaging agent
then serves as a contrast reagent for X-ray, magnetic reso-
nance, positron emission tomography, single photon emis-
sion computed tomography (SPECT), or sonographic or
scintigraphic imaging of the target site. Of course, it should
be understood that the imaging may be performed in vitro
where tissue from the subject is obtained through a biopsy,
and the presence of lymphatic endothelial cells is deter-
mined with the aid of the imaging agents described herein in
combination with histochemical techniques for preparing
and fixing tissues. Paramagnetic ions useful in the imaging
agents of the invention include for example chromium (III),
manganese (II), iron (III), iron (II), cobalt (II), nickel (II)
copper (1), neodymium (III), samarium (III), ytterbium(III),
gadolinium (III), vanadium (II), terbium (III), dysprosium
(I1), holmium (III) and erbium (III). Ions useful for X-ray
imaging include, but are not limited to, lanthanum (I1I), gold
(II), lead (II) and particularly bismuth (III). Radioisotopes
for diagnostic applications include for example, 2" astatine,
Ycarbon, >'chromium, >chlorine, *’cobalt, ’copper,
32europium, *’gallium, *hydrogen, '**iodine, '**iodine,
"Windium, *“iron, *?phosphorus, '*Srhenium, ”selenium,
*3sulphur, *mtechnicium, *°yttrium, and *°zirconium.

The effector domain may be one which alters the physico-
chemical characteristics of the conjugate, e.g., an effector
which confers increased solubility and/or stability and/or
half-life, resistance to proteolytic cleavage, modulation of
clearance. In exemplary aspects, the effector domain is a
polymer, a carbohydrate, or a lipid.

The polymer may be branched or unbranched. The poly-
mer may be of any molecular weight. The polymer in some
embodiments has an average molecular weight of between
about 2 kDa to about 100 kDa (the term “about” indicating
that in preparations of a water-soluble polymer, some mol-
ecules will weigh more, some less, than the stated molecular
weight). The average molecular weight of the polymer is in
some aspects between about 5 kDa and about 50 kDa,
between about 12 kDa to about 40 kDa or between about 20
kDa to about 35 kDa. In some embodiments, the polymer is
modified to have a single reactive group, such as an active
ester for acylation or an aldehyde for alkylation, so that the
degree of polymerization may be controlled. The polymer in
some embodiments is water soluble so that the protein to
which it is attached does not precipitate in an aqueous
environment, such as a physiological environment. In some
embodiments when, for example, the composition is used
for therapeutic use, the polymer is pharmaceutically accept-
able. Additionally, in some aspects, the polymer is a mixture
of polymers, e.g., a co-polymer, a block co-polymer. In some
embodiments, the polymer is selected from the group con-
sisting of: polyamides, polycarbonates, polyalkylenes and
derivatives thereof, including polyalkylene glycols, polyal-
kylene oxides, polyalkylene terepthalates, polymers of
acrylic and methacrylic esters, including poly(methyl meth-
acrylate), poly(ethyl methacrylate), poly(butylmethacry-
late), poly(isobutyl methacrylate), poly(hexylmethacrylate),
poly(isodecyl methacrylate), poly(lauryl methacrylate), poly
(phenyl methacrylate), poly(methyl acrylate), poly(isopro-
pyl acrylate), poly(isobutyl acrylate), and poly(octadecyl
acrylate), polyvinyl polymers including polyvinyl alcohols,
polyvinyl ethers, polyvinyl esters, polyvinyl halides, poly
(vinyl acetate), and polyvinylpyrrolidone, polyglycolides,
polysiloxanes, polyurethanes and co-polymers thereof, cel-
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luloses including alkyl cellulose, hydroxyalkyl celluloses,
cellulose ethers, cellulose esters, nitro celluloses, methyl
cellulose, ethyl cellulose, hydroxypropyl cellulose,
hydroxy-propyl methyl cellulose, hydroxybutyl methyl cel-
lulose, cellulose acetate, cellulose propionate, cellulose
acetate butyrate, cellulose acetate phthalate, carboxylethyl
cellulose, cellulose triacetate, and cellulose sulphate sodium
salt, polypropylene, polyethylenes including poly(ethylene
glycol), poly(ethylene oxide), and poly(ethylene terephtha-
late), and polystyrene. In some aspects, the polymer is a
biodegradable polymer, including a synthetic biodegradable
polymer (e.g., polymers of lactic acid and glycolic acid,
polyanhydrides, poly(ortho)esters, polyurethanes, poly(bu-
tic acid), poly(valeric acid), and poly(lactide-cocaprolac-
tone)), and a natural biodegradable polymer (e.g., alginate
and other polysaccharides including dextran and cellulose,
collagen, chemical derivatives thereof (substitutions, addi-
tions of chemical groups, for example, alkyl, alkylene,
hydroxylations, oxidations, and other modifications rou-
tinely made by those skilled in the art), albumin and other
hydrophilic proteins (e.g., zein and other prolamines and
hydrophobic proteins)), as well as any copolymer or mixture
thereof. In general, these materials degrade either by enzy-
matic hydrolysis or exposure to water in vivo, by surface or
bulk erosion. In some aspects, the polymer is a bioadhesive
polymer, such as a bioerodible hydrogel described by H. S.
Sawhney, C. P. Pathak and J. A. Hubbell in Macromolecules,
1993, 26, 581-587, the teachings of which are incorporated
herein, polyhyaluronic acids, casein, gelatin, glutin, polyan-
hydrides, polyacrylic acid, alginate, chitosan, poly(methyl
methacrylates), poly(ethyl methacrylates), poly(butylmeth-
acrylate), poly(isobutyl methacrylate), poly(hexylmethacry-
late), poly(isodecyl methacrylate), poly(lauryl methacry-
late), poly(phenyl methacrylate), poly(methyl acrylate),
poly(isopropyl acrylate), poly(isobutyl acrylate), and poly
(octadecyl acrylate). In some embodiments, the polymer is
a water-soluble polymer or a hydrophilic polymer. Suitable
water-soluble polymers are known in the art and include, for
example, polyvinylpyrrolidone, hydroxypropyl cellulose
(HPC; Klucel), hydroxypropyl methylcellulose (HPMC;
Methocel), nitrocellulose, hydroxypropyl ethylcellulose,
hydroxypropyl butylcellulose, hydroxypropyl pentylcellu-
lose, methyl cellulose, ethylcellulose (Ethocel), hydroxy-
ethyl cellulose, various alkyl celluloses and hydroxyalkyl
celluloses, various cellulose ethers, cellulose acetate, car-
boxymethyl cellulose, sodium carboxymethyl cellulose, cal-
cium carboxymethyl cellulose, vinyl acetate/crotonic acid
copolymers, poly-hydroxyalkyl methacrylate, hydroxym-
ethyl methacrylate, methacrylic acid copolymers, polymeth-
acrylic acid, polymethylmethacrylate, maleic anhydride/
methyl vinyl ether copolymers, poly vinyl alcohol, sodium
and calcium polyacrylic acid, polyacrylic acid, acidic car-
boxy polymers, carboxypolymethylene, carboxyvinyl poly-
mers, polyoxyethylene polyoxypropylene copolymer,
polymethylvinylether co-maleic anhydride, carboxymethyl-
amide, potassium methacrylate divinylbenzene co-polymer,
polyoxyethyleneglycols, polyethylene oxide, and deriva-
tives, salts, and combinations thereof. In some aspects, the
water-soluble polymers or mixtures thereof include, but are
not limited to, N-linked or O-linked carbohydrates, sugars,
phosphates, carbohydrates; sugars; phosphates; polyethyl-
ene glycol (PEG) (including the forms of PEG that have
been used to derivatize proteins, including mono-(C1-C 10)
alkoxy- or aryloxy-polyethylene glycol); monomethoxy-
polyethylene glycol; dextran (such as low molecular weight
dextran of, for example, about 6 kD), cellulose; other
carbohydrate-based polymers, poly-(N-vinyl pyrrolidone),
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polyethylene glycol, propylene glycol homopolymers, a
polypropylene oxide/ethylene oxide co-polymer, polyoxy-
ethylated polyols (e.g., glycerol) and polyvinyl alcohol. Also
encompassed by the disclosure are bifunctional crosslinking
molecules which may be used to prepare covalently attached
multimers. A particularly preferred water-soluble polymer
for use herein is polyethylene glycol (PEG). As used herein,
polyethylene glycol is meant to encompass any of the forms
of PEG that can be used to derivatize other proteins, such as
mono-(C1-C10) alkoxy- or aryloxy-polyethylene glycol.
PEG is a linear or branched neutral polyether, available in a
broad range of molecular weights, and is soluble in water
and most organic solvents. PEG is effective at excluding
other polymers or peptides when present in water, primarily
through its high dynamic chain mobility and hydrophobic
nature, thus creating a water shell or hydration sphere when
attached to other proteins or polymer surfaces. PEG is
nontoxic, non-immunogenic, and approved by the Food and
Drug Administration for internal consumption. Proteins or
enzymes when conjugated to PEG have demonstrated bio-
activity, non-antigenic properties, and decreased clearance
rates when administered in animals. F. M. Veronese et al.,
Preparation and Properties of Monomethoxypoly(ethylene
glycol)-modified Enzymes for Therapeutic Applications, in
J. M. Harris ed., Poly(Ethylene Glycol) Chemistry—Bio-
technical and Biomedical Applications, 127-36, 1992, incor-
porated herein by reference. Without wishing to be bound by
theory, these phenomena may be due to the exclusion
properties of PEG in preventing recognition by the immune
system. In addition, PEG has been widely used in surface
modification procedures to decrease protein adsorption and
improve blood compatibility. S. W. Kim et al., Ann. N.Y.
Acad. Sci. 516: 116-30 1987; Jacobs et al., Artif. Organs 12:
500-501, 1988; Park et al., J. Poly. Sci, Part A 29:1725-31,
1991, each incorporated herein by reference in its entirety.
Hydrophobic polymer surfaces, such as polyurethanes and
polystyrene, can be modified by the grafting of PEG (MW
3,400) and employed as nonthrombogenic surfaces. Surface
properties (contact angle) can be more consistent with
hydrophilic surfaces, due to the hydrating effect of PEG.
More importantly, protein (albumin and other plasma pro-
teins) adsorption can be greatly reduced, resulting from the
high chain motility, hydration sphere, and protein exclusion
properties of PEG. PEG (MW 3,400) was determined as an
optimal size in surface immobilization studies, Park et al., J.
Biomed. Mat. Res. 26:739-45, 1992, while PEG (MW
5,000) was most beneficial in decreasing protein antigenic-
ity. F. M. Veronese et al., In J. M. Harris, et al., Poly
(Ethylene Glycol) Chemistry—Biotechnical and Biomedi-
cal Applications, 127-36. Methods for preparing pegylated
binding agent polypeptides may comprise the steps of (a)
reacting the polypeptide with polyethylene glycol (such as a
reactive ester or aldehyde derivative of PEG) under condi-
tions whereby the binding agent polypeptide becomes
attached to one or more PEG groups, and (b) obtaining the
reaction product(s). In general, the optimal reaction condi-
tions for the acylation reactions will be determined based on
known parameters and the desired result. For example, the
larger the ratio of PEG:protein, the greater the percentage of
poly-pegylated product. In some embodiments, the binding
agent will have a single PEG moiety at the N-terminus. See
U.S. Pat. No. 8,234,784, incorporated by reference herein.

In some embodiments, the effector domain is a carbohy-
drate. In some embodiments, the carbohydrate is a mono-
saccharide (e.g., glucose, galactose, fructose), a disaccharide
(e.g., sucrose, lactose, maltose), an oligosaccharide (e.g.,
raffinose, stachyose), a polysaccharide (e.g., a starch, amy-
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lase, amylopectin, cellulose, chitin, callose, laminarin,
xylan, mannan, fucoidan, or galactomannan).

In some embodiments, the effector domain is a lipid. The
lipid, in some embodiments, is a fatty acid, eicosanoid,
prostaglandin, leukotriene, thromboxane, N-acyl etha-
nolamine, glycerolipid (e.g., mono-, di-, tri-substituted glyc-
erols), glycerophospholipid (e.g., phosphatidylcholine,
phosphatidylinositol, phosphatidylethanolamine, phosphati-
dylserine), sphingolipid (e.g., sphingosine, ceramide), sterol
lipid (e.g., steroid, cholesterol), prenol lipid, saccharolipid,
or a polyketide, oil, wax, cholesterol, sterol, fat-soluble
vitamin, monoglyceride, diglyceride, triglyceride, or a phos-
pholipid.

Lethal Domains

In exemplary aspects, the effector domain is a lethal
domain that confers lethality, such that when the conjugate
is localized to a cell expressing IL13Ra2, e.g., a tumor cell
expressing the same. The effector domain confers upon the
conjugate the ability to kill an IL13Ra2-expressing cell once
the binding agent has found and bound to its IL13Ra2
target.

In exemplary aspects, the effector domain is a cytotoxin
(also referred to herein as a “cytotoxic agent”). The cyto-
toxic agent is any molecule (chemical or biochemical) which
is toxic to a cell. In some embodiments, the cytotoxic agent
is a chemotherapeutic agent. Chemotherapeutic agents are
known in the art and include, but are not limited to, platinum
coordination compounds, topoisomerase inhibitors, antibi-
otics, antimitotic alkaloids and difluoronucleosides, as
described in U.S. Pat. No. 6,630,124. In some embodiments,
the chemotherapeutic agent is a platinum coordination com-
pound. The term “platinum coordination compound” refers
to any tumor cell growth-inhibiting platinum coordination
compound that provides the platinum in the form of an ion.
In some embodiments, the platinum coordination compound
is cis-diamminediaquoplatinum (II)-ion; chloro(diethylen-
etriamine)-platinum(II)chloride; dichloro(ethylenedi-
amine)-platinum(Il), diammine(1,1-cyclobutanedicarboxy-
lato) platinum(I) (carboplatin); spiroplatin; iproplatin;
diammine(2-ethylmalonato)-platinum(II); ethylenediamine-
malonatoplatinum(Il); aqua(1,2-diaminodyclohexane)-sulf-
atoplatinum(Il);  (1,2-diaminocyclohexane)malonatoplati-
num(IT); (4-caroxyphthalato)(1,2-diaminocyclohexane)
platinum(IT); (1,2-diaminocyclohexane)-(isocitrato)
platinum(II); (1,2-diaminocyclohexane)cis(pyruvato)
platinum(II); (1,2-diaminocyclohexane)oxalatoplatinum(II);
ormaplatin; or tetraplatin. In some embodiments, cisplatin is
the platinum coordination compound employed in the com-
positions and methods of the present invention. Cisplatin is
commercially available under the name PLATINOL™ from
Bristol Myers-Squibb Corporation and is available as a
powder for constitution with water, sterile saline or other
suitable vehicle. Other platinum coordination compounds
suitable for use in the present invention are known and are
available commercially and/or can be prepared by conven-
tional techniques. Cisplatin, or cis-dichlorodiammineplati-
num II, has been used successfully for many years as a
chemotherapeutic agent in the treatment of various human
solid malignant tumors. More recently, other diamino-plati-
num complexes have also shown efficacy as chemothera-
peutic agents in the treatment of various human, solid,
malignant tumors. Such diamino-platinum complexes
include, but are not limited to, spiroplatinum and carboplati-
num. Although cisplatin and other diamino-platinum com-
plexes have been widely used as chemotherapeutic agents in
humans, they have had to be delivered at high dosage levels
that can lead to toxicity problems such as kidney damage.
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In some embodiments, the chemotherapeutic agent is a
topoisomerase inhibitor. Topoisomerases are enzymes that
are capable of altering DNA topology in eukaryotic cells.
They are critical for cellular functions and cell proliferation.
Generally, there are two classes of topoisomerases in
eukaryotic cells, type I and type II. Topoisomerase I is a
monomeric enzyme of approximately 100,000 molecular
weight. The enzyme binds to DNA and introduces a transient
single-strand break, unwinds the double helix (or allows it to
unwind), and subsequently reseals the break before disso-
ciating from the DNA strand. Various topoisomerase inhibi-
tors have recently shown clinical efficacy in the treatment of
humans afflicted with ovarian cancer, esophageal cancer or
non-small cell lung carcinoma. In some aspects, the topoi-
somerase inhibitor is camptothecin or a camptothecin ana-
log. Camptothecin is a water-insoluble, cytotoxic alkaloid
produced by Camptotheca accuminata trees indigenous to
China and Nothapodytes foetida trees indigenous to India.
Camptothecin exhibits tumor cell growth-inhibiting activity
against a number of tumor cells. Compounds of the camp-
tothecin analog class are typically specific inhibitors of
DNA topoisomerase 1. By the term “inhibitor of topoi-
somerase” is meant any tumor cell growth-inhibiting com-
pound that is structurally related to camptothecin. Com-
pounds of the camptothecin analog class include, but are not
limited to; topotecan, irinotecan and 9-amino-camptothecin.
In additional embodiments, the cytotoxic agent is any tumor
cell growth-inhibiting camptothecin analog claimed or
described in U.S. Pat. No. 5,004,758; European Patent
Application Number 88311366.4 (Publication Number EP 0
321 122); U.S. Pat. No. 4,604,463; European Patent Appli-
cation Publication Number EP 0 137 145; U.S. Pat. No.
4,473,692; European Patent Application Publication Num-
ber EP 0 074 256; U.S. Pat. No. 4,545,880; European Patent
Application Publication Number EP 0 074 256; European
Patent Application Publication Number EP 0 088 642; Wani
etal., J. Med. Chem., 29, 2358-2363 (1986); and Nitta et al.,
Proc. 14th International Congr. Chemotherapy, Kyoto, 1985,
Tokyo Press, Anticancer Section 1, p. 28-30. In particular,
the disclosure contemplates a compound called CPT-11.
CPT-11 is a camptothecin analog with a 4-(piperidino)-
piperidine side chain joined through a carbamate linkage at
C-10 of 10-hydroxy-7-ethyl camptothecin. CPT-11 is cur-
rently undergoing human clinical trials and is also referred
to as irinotecan; Wani et al, J. Med. Chem., 23, 554 (1980);
Wani et al., J. Med. Chem., 30, 1774 (1987); U.S. Pat. No.
4,342,776; European Patent Application Publication Num-
ber EP 418 099; U.S. Pat. No. 4,513,138; European Patent
Application Publication Number EP 0 074 770; U.S. Pat.
No. 4,399,276; European Patent Application Publication
Number 0 056 692; the entire disclosure of each of which is
hereby incorporated by reference. All of the above-listed
compounds of the camptothecin analog class are available
commercially and/or can be prepared by conventional tech-
niques including those described in the above-listed refer-
ences. The topoisomerase inhibitor may be selected from the
group consisting of topotecan, irinotecan and 9-aminocamp-
tothecin.

The preparation of numerous compounds of the camp-
tothecin analog class (including pharmaceutically accept-
able salts, hydrates and solvates thereof) as well as the
preparation of oral and parenteral pharmaceutical composi-
tions comprising such a compound of the camptothecin
analog class and an inert, pharmaceutically acceptable car-
rier or diluent, is extensively described in U.S. Pat. No.
5,004,758; and European Patent Application Number
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88311366.4(Publication Number EP 0 321 122), the teach-
ings of each of which are incorporated herein by reference
in its entirety.

In still another embodiment of the invention, the chemo-
therapeutic agent is an antibiotic compound. Suitable anti-
biotics include, but are not limited to, doxorubicin, mito-
mycin, bleomycin, daunorubicin and streptozocin. In some
embodiments, the chemotherapeutic agent is an antimitotic
alkaloid. In general, antimitotic alkaloids can be extracted
from Cantharanthus roseus, and have been shown to be
efficacious as anticancer chemotherapy agents. A great num-
ber of semi-synthetic derivatives have been studied both
chemically and pharmacologically (see, O. Van Tellingen et
al, Anticancer Research, 12, 1699-1716 (1992)). The anti-
mitotic alkaloids of the present invention include, but are not
limited to, vinblastine, vincristine, vindesine, Taxol and
vinorelbine. The latter two antimitotic alkaloids are com-
mercially available from Eli Lilly and Company, and Pierre
Fabre Laboratories, respectively (see, U.S. Pat. No. 5,620,
985). In one aspect of the disclosure, the antimitotic alkaloid
is vinorelbine.

In another embodiment of the invention, the chemothera-
peutic agent is a difluoronucleoside. 2'-deoxy-2',2'-difluoro-
nucleosides are known in the art as having antiviral activity.
Such compounds are disclosed and taught in U.S. Pat. Nos.
4,526,988 and 4,808,614. European Patent Application Pub-
lication 184,365 discloses that these same difluoronucleo-
sides have oncolytic activity. In certain specific aspects, the
2'-deoxy-2',2'-difluoronucleoside used in the compositions
and methods of the disclosure is 2'-deoxy-2',2'-difluorocy-
tidine hydrochloride, also known as gemcitabine hydrochlo-
ride. Gemcitabine is commercially available or can be
synthesized in a multi-step process as disclosed in U.S. Pat.
Nos. 4,526,988, 4,808,614 and 5,223,608, the teachings of
each of which are incorporated herein by reference in its
entirety.

In exemplary aspects, the effector domain is an apoptosis
tag which causes the IL13Ra2-expressing cell to apoptose.
In exemplary aspects, the apoptosis tag is a TRAIL protein,
or a portion thereof. In exemplary aspects, the apoptosis tag
comprises the amino acid sequence of SEQ ID NO: 27. In
exemplary aspects, the conjugate comprises the amino acid
sequence of SEQ ID NO: 25.

In exemplary embodiments, the effector domain is an Fc
domain of IgG or other immunoglobulin. For substituents
such as an Fc region of human IgG, the fusion can be fused
directly to a binding agent or fused through an intervening
sequence. For example, a human IgG hinge, CH2 and CH3
region may be fused at either the N-terminus or C-terminus
of a binding agent to attach the Fc region. The resulting
Fc-fusion agent enables purification via a Protein A affinity
column (Pierce, Rockford, 111.). Peptide and proteins fused
to an Fc region can exhibit a substantially greater half-life in
vivo than the unfused counterpart. A fusion to an Fc region
allows for dimerization/multimerization of the fusion poly-
peptide. The Fc region may be a naturally occurring Fc
region, or may be modified for superior characteristics, e.g.,
therapeutic qualities, circulation time, reduced aggregation.
As noted above, in some embodiments, the binding agent are
conjugated, e.g., fused to an immunoglobulin or portion
thereof (e.g., variable region, CDR, or Fc region). Known
types of immunoglobulins (Ig) include IgG, IgA, IgE, IgD or
IgM. The Fc region is a C-terminal region of an Ig heavy
chain, which is responsible for binding to Fc receptors that
carry out activities such as recycling (which results in
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prolonged half-life), antibody dependent cell-mediated cyto-
toxicity (ADCC), and complement dependent cytotoxicity
(CDC).

For example, according to some definitions the human
IgG heavy chain Fc region stretches from Cys226 to the
C-terminus of the heavy chain. The “hinge region” generally
extends from Glu216 to Pro230 of human IgG1l (hinge
regions of other IgG isotypes may be aligned with the IgG1
sequence by aligning the cysteines involved in cysteine
bonding). The Fc region of an IgG includes two constant
domains, CH2 and CH3. The CH2 domain of a human IgG
Fc region usually extends from amino acids 231 to amino
acid 341. The CH3 domain of a human IgG Fc region
usually extends from amino acids 342 to 447. References
made to amino acid numbering of immunoglobulins or
immunoglobulin fragments, or regions, are all based on
Kabat et al. 1991, Sequences of Proteins of Immunological
Interest, U.S. Department of Public Health, Bethesda, Md.,
incorporated herein by reference. In related embodiments,
the Fc region may comprise one or more native or modified
constant regions from an immunoglobulin heavy chain,
other than CH1, for example, the CH2 and CH3 regions of
IgG and IgA, or the CH3 and CH4 regions of IgE.

Suitable conjugate moieties include portions of immuno-
globulin sequence that include the FcRn binding site. FcRn,
a salvage receptor, is responsible for recycling immuno-
globulins and returning them to circulation in the blood. The
region of the Fc portion of IgG that binds to the FcRn
receptor has been described based on X-ray crystallography
(Burmeister et al. 1994, Nature 372:379). The major contact
area of the Fc with the FcRn is near the junction of the CH2
and CH3 domains. Fc-FcRn contacts are all within a single
Ig heavy chain. The major contact sites include amino acid
residues 248, 250-257, 272, 285, 288, 290-291, 308-311,
and 314 of the CH2 domain and amino acid residues
385-387, 428, and 433-436 of the CH3 domain.

Some conjugate moieties may or may not include FcyR
binding site(s). FcyR are responsible for antibody-dependent
cell-mediated cytotoxicity (ADCC) and complement-depen-
dent cytotoxicity (CDC). Examples of positions within the
Fc region that make a direct contact with FcyR are amino
acids 234-239 (lower hinge region), amino acids 265-269
(B/C loop), amino acids 297-299 (C'/E loop), and amino
acids 327-332 (F/G) loop (Sondermann et al., Nature 406:
267-273,2000). The lower hinge region of IgE has also been
implicated in the FcRI binding (Henry, et al., Biochemistry
36, 15568-15578, 1997). Residues involved in IgA receptor
binding are described in Lewis et al., (J Immunol. 175:6694-
701, 2005). Amino acid residues involved in IgE receptor
binding are described in Sayers et al. (J Biol Chem. 279
(34):35320-5, 2004).

Amino acid modifications may be made to the Fc region
of an immunoglobulin. Such variant Fc regions comprise at
least one amino acid modification in the CH3 domain of the
Fc region (residues 342-447) and/or at least one amino acid
modification in the CH2 domain of the Fc region (residues
231-341). Mutations believed to impart an increased affinity
for FcRn include T256A, T307A, E380A, and N434A
(Shields et al. 2001, J. Biol. Chem. 276:6591). Other muta-
tions may reduce binding of the Fc region to FcyRI,
FeyRIIA, FeyRIIB, and/or FeyRIIIA without significantly
reducing affinity for FcRn. For example, substitution of the
Asn at position 297 of the Fc region with Ala or another
amino acid removes a highly conserved N-glycosylation site
and may result in reduced immunogenicity with concomitant
prolonged half-life of the Fc region, as well as reduced
binding to FcyRs (Routledge et al. 1995, Transplantation
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60:847; Friend et al. 1999, Transplantation 68:1632; Shields
et al. 1995, J. Biol. Chem. 276:6591). Amino acid modifi-
cations at positions 233-236 of IgG1 have been made that
reduce binding to FcyRs (Ward and Ghetie 1995, Therapeu-
tic Immunology 2:77 and Armour et al. 1999, Eur. J.
Immunol. 29:2613). Some exemplary amino acid substitu-
tions are described in U.S. Pat. Nos. 7,355,008 and 7,381,
408, each of which is incorporated by reference herein in its
entirety.

In some embodiments, the binding agent is fused to
alkaline phosphatase (AP). Methods for making Fc or AP
fusion agents are provided in WO 02/060950.

Chimeric Antigen Receptors (CARs)

In exemplary aspects, the effector domain is a T-cell
signaling domain. In exemplary aspects, the conjugate is a
chimeric antigen receptor (CAR). Chimeric antigen recep-
tors (CARs) are engineered transmembrane proteins that
combine the specificity of an antigen-specific antibody with
a T-cell receptor’s function. In general, CARs comprise an
ectodomain, a spacer region, a transmembrane domain, and
an endodomain. The ectodomain of a CAR in exemplary
aspects comprises an antigen recognition region, which may
be an scFV of an antigen-specific antibody. The ectodomain
also in some embodiments comprises a signal peptide which
directs the nascent protein into the endoplasmic reticulum.
In exemplary aspects, the ectodomain comprises a spacer
which links the antigen recognition region to the transmem-
brane domain. The transmembrane (TM) domain is the
portion of the CAR which traverses the cell membrane. In
exemplary aspects, the TM domain comprises a hydropho-
bic alpha helix. In exemplary aspects, the TM domain
comprises all or a portion of the TM domain of CD28. In
exemplary aspects, the TM domain comprises all or a
portion of the TM domain of CD8c.. The endodomain of a
CAR comprises one or more signaling domains. In exem-
plary aspects, the endodomain comprises the zeta chain of
CD3, which comprises three copies of the Immunoreceptor
Tyrosine-based Activation Motif (ITAM). An ITAM gener-
ally comprises a Tyr residue separated by two amino acids
from a Leu or Ile. In the case of immune cell receptors, e.g.,
the T cell receptor and the B cell receptor, the ITAMs occur
in multiples (at least two) and each ITAM is separated from
another by 6-8 amino acids. The endodomain of CARs may
also comprises additional signaling domains, e.g., portions
of proteins that are important for downstream signal trans-
duction. In exemplary aspects, the endodomain comprises
signaling domains from one or more of CD28, 41BB or
4-1BB (CD137), ICOS, CD27, CD40, OX40 (CD134), or
Myd88. Sequences encoding signaling domains of such
proteins are provided herein as SEQ ID NOs: 39-42, 68-79,
81, and 83. Methods of making CARs, expressing them in
cells, e.g., T-cells, and utilizing the CAR-ex