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[ EcoRI

| TATGAATTCATGGCGCTTTTGTTGACCACGGTCATTGCTCTCACTTGCC
" TTGGCGGCTTTGCCTCCCCAGGCCCTGTGCCTCCCTCTACAGCCCTCAG
E GTAC [SEQID NO. 1]

[

IL13P2:
L GTTGATGCTCCATACCATGCTGCCATTGCAGAGCGGAGCCTTCTGGTTC
[ TGGGTGATGTTGACCAGCTCCTCAATGAGGTACCTGAGGGCTGTAGAG
[ GGAG [SEQ ID NO. 2]
[

[ IL13P3:

[ CTCTGGGTCTTCTCGATGGCACTGCAGCCTGACACGTTGATCAGGGATT

[ CCAGGGCTGCACAGTACATGCCAGCTGTCAGGTTGATGCTCCATACCAT
[ GC [SEQ ID NO. 3]

[

[ IL13P4:

[ CCTCGATTTTGGTGTCTCGGACATGCAAGCTGGAAAACTGCCCAGCTGA
[ GACCTTGTGCGGGCAGAATCCGCTCAGCATCCTCTGGGTCTTCTCGATG

[ GC [SEQ ID NO. 4]

[
r IL13P5:

[
BamHI
L TCGGATCCTCAGTTGAACCGTCCCTCGCGAAAAAGTTTCTTTAAATGTA.
[ AGAGCAGGTCCTTTACAAACTGGGCCACCTCGATTTTGGTIGTCTCGG
" [SEQ ID NO. 5]
[
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CHIMERIC IMMUNORECEPTOR USEFUL
IN TREATING HUMAN CANCERS

TECHNICAL FIELD

[0001] This invention relates to cancer therapy, and the use of genetically-
modified T-lymphocytes expressing chimeric immunoreceptors in the treatment of
human brain tumors and other cancers.

BACKGROUND OF THE INVENTION

[0002] Primary brain tumors are the third leading contributor to cancer-related

mortality in young adults, are the second leading contributor in children, and

appear to be increasing in incidence both in the pediatric and geriatric population'.

Gliomas are the most common type of primary brain tumors; 20,000 cases are
diagnosed and 14,000 glioma-related deaths occur annually in the United States™*.
Gliomas are heterogeneous with respect to their malignant behavior and, in their
most common and aggressive forms, anaplastic astrocytoma (AA-grade I1I) and
glioblastoma multiforme (GBM-grade IV), are rapidly progressive and nearly
uniformly lethal® '®. Currently available therapeutic modalities have minimal
curative potential for these high-grade tumors and often exacerbate the already
severe morbidities imposed by their location in the central nervous system. Thus
patients with malignant glioma are often struck in the most productive period of
their lives; frequent deterioration of mental faculties and a high case:fatality ratio

contribute to the unique personal and social impact of these tumors.
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[0003] The comerstones of oncologic management of malignant glioma are
resection and radiation therapy''"®. With modern surgical and radiotherapeutic
techniques the mean duration of survival has increased to 82 weeks for
glioblastoma multiforme and 275 weeks for anaplastic astrocytoma, although 5-
year survival rates have only increased from 3 to 6% for glioblastoma multiforme
and 12.1% for anaplastic astrocytoma®®. The major prognostic indicators for
prolonged survival are younger age (<40yrs) and performance status (KPS score
>70)"7. Resections of >90% of bulky tumors are usually attempted provided that
vital functional anatomy is spared. When used in conjunction with post-operative
radiation therapy, the impact of extent of resection on duration of survival is less
clear''®. The addition of chemotherapy to resection and radiation provides only
marginal survival advantage to patients with anaplastic astrocytoma or
glioblastoma multiforme??*. Nitrosureas alone or in combination with
procarbazine and vincristine are the conventional drugs used in the community and
appear to improve the 1-year and 2-year survival rates by 15% without impacting
on the overall median survival®* *. More aggressive regimens incorporating
platinum-based drugs and topoisomerase inhibitors are under investigation. The
role of high-dose chemotherapy with stem cell rescue has not been substantiated to
dat327.29-

{0004] Approximately 80% of recurrent tumors arise from radiographically
enhancing remnants of the original incompletely resected tumor'®***!. Provided
recurrences are unifocal and amenable in their location to aggressive re-resection,
this approach can extend survival duration, particularly for patients with anaplastic
astrocytoma and those glioblastoma multiforme patients with a KPS >70.° The
median survival of recurrent glioblastoma multiforme patients treated with re-

resection is 36 weeks!%%3!

. Radiation therapy in the form of either brachytherapy
or stereotactic radiosurgery may extend the duration of survival in re-resected
recurrent glioblastoma multiforme patients by only 10-12 weeks®. The use of
chemotherapy in the setting of recurrent disease should be in the context of

available clinical trials, as its efficacy in this patient population is unsubstantiated.
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[0005] The continued dismal prognosis of malignant glioma has prompted the
clinical investigation of novel therapeutic entities, including, but not limited to:
gene therapy (TK-suicide, antisense inhibition of tumor growth factor receptors,
conditionally lethal viral vectors), immunotherapy (antibody, tumor cell vaccines,
immunotoxins, adoptive transfer of activated lymphocytes), and anti-angiogenesis
approaches™™. The multiplicity of challenges faced in the development of
effective adjuvant therapies for malignant glioma include the extensive infiltrative
growth of tumor cells into normal brain parenchyma, the capacity of soluble factors
elaborated from these tumors to attenuate the development of immune responses,
and the difficulty of establishing clinically meaningful therapeutic ratios when
administering therapeutics into the central nervous system (CNS). Early clinical
evaluation of novel therapeutics is clearly indicated in this patient population.
[0006] Recently, receptors for transferrin and growth factors have been the
subject of experimental glioma therapeutics utilizing ligands for these receptors
conjugated to toxins or radionucleotides as a delivery system®. The specificity of
this approach relies on the unique expression or over-expression of targeted
receptors on glioma cells compared to normal brain. Interestingly, some receptor
complexes for interleukins utilized by the immune system are expressed by
gliomas, in particular high-affinity 1L.-13 receptors**®. Unlike the IL-13 receptor
trimolecular complex utilized by the immune system, which consists of the IL-
13Ra1, the IL-4Rp, and ye, glioma cells overexpress a unique IL-13Ra2 chain
capable of binding IL-13 independently of the requirement for IL-4Rp or yc* 4%,
Like its homologue IL-4, IL-13 has pleotrophic immunoregulatory activity outside
the CNS*"*. Both cytokines stimulate IgE production by B lymphocytes and
suppress pro-inflammatory cytokine production by macrophages. The
immunobiology of IL-13 within the CNS is largely unknown.

[0007] Detailed studies by Debinski et al. using autoradiography with
radiolabeled IL-13 have demonstrated abundant IL-13 binding on nearly all
malignant glioma tissues studied* *** %, Moreover, the binding is highly
homogeneous within tumor sections and from single cell analysis* *. Scatchard

analyses of IL-13 binding to human glioma cell lines reveals on average 17,000-
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28,000 binding sites/cell. Molecular analysis using probes specific for IL-13Ra2
mRNA fail to demonstrate expression of the glioma-specific receptor by normal
brain elements in all CNS anatomic locations** **. Furthermore, autoradiography
with radiolabeled IL-13 failed to demonstrate detectable specific IL-13 binding in
the CNS, suggesting that the shared IL13Ra1/IL-4f/y¢ receptor is also not
expressed at detectable levels in the CNS*. These findings were independently
verified using immunohistochemical techniques on non-pathologic brain sections
with antibodies specific for IL-13Ral and IL-4p*, Thus IL-13Ra2 stands as the
most specific and ubiquitously expressed cell-surface target for glioma described to
date.

[0008] As a strategy to exploit the glioma-specific expression of IL-13Ra2 in the
CNS, molecular constructs of the IL-13 cytokine have been described that fuse
varjous cytotoxins (Pseudomonas exotoxin and Diptheria toxin) to its carboxyl
terminal®**®, Internalization of these toxins upon binding to IL-13 receptors is the
basis of the selective toxicity of these fusion proteins. These toxins display potent
cytotoxicity towards glioma cells in vitro at picomolar concentrations®. Human
intracranial glioma xenografis in immunodeficient mice can be eliminated by
intratumor injection of the IL-13-toxin fusion protein without observed toxicities™.
These studies support the initiation of clinical investigation utilizing [L-13-directed
immunotoxins loco-regionally for malignant glioma.

[0009] However, the binding of 1L-13-based cytotoxins to the broadly expressed
IL-13Ra1/IL-4p/yc receptor complex has the potential of mediating untoward
toxicities to normal tissues outside the CNS, and thus limits the systemic
administration of these agents. IL-13 has been extensively dissected at the
molecular level: structural domains of this cytokine that are important for
associating with individual receptor subunits have been mapped™ **,
Consequently, selected amino acid substitutions in IL-13 have predictable effects
on the association of this cytokine with its receptor subunits. Amino acid
substitutions in IL-13’s alpha helix A, in particular at amino acid 13, disrupt its
ability to associate with IL-4p, thereby selectively reducing the affinity of IL-13 to
the IL-13Ra1/IL-4p/yc receptor by a factor of five™ *% %, Surprisingly, binding of
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mutant IL-13(E13Y) to IL-13Ra2 was not only preserved but increased relative to
wild-type IL-13 by 50-fold. Thus, minimally altered IL-13 analogs can
simultaneously increase IL-13’s specificity and affinity for glioma cells via
selective binding to IL-13Re2 relative to normal tissues bearing IL-13Re1/IL-
4p/ye receptors.

[0010] Malignant gliomas represent a clinical entity that is highly attractive for
immunotherapeutic intervention since 1) most patients with resection and radiation
therapy achieve a state of minimal disease burden and 2) the anatomic location of
these tumors within the confines of the CNS make direct loco-regional
administration of effector cells possible. At least two pathologic studies have
demonstrated that the extent of perivascular lymphocytic infiltration in malignant

gliomas correlates with an improved prognosis®™®.

Animal model systems have
established that glioma-specific T cells, but not lymphokine-activated killer (LAK)
cells, can mediate the regression of intracerebrally implanted gliomas®”'. T cells,
unlike LAK cells, have the capacity to infiltrate into brain parenchyma and thus can
target infiltrating tumor cells that may be distant from the primary tumor. Despite
these findings, there is a substantial body of evidence that gliomas actively subvert
immune destruction, primarily by the elaboration of immunosuppressive cytokines
(TGF-p2) and prostaglandins, which, inhibit the induction/amplification of glioma-
reactive T cell responses™™. These findings have prompted the evaluation of ex
vivo expanded anti-glioma effector cells for adoptive therapy as a strategy to
overcome tumor-mediated limitations of generating responses i vivo.

[0011] At least ten pilot studies involving the administration of ex vivo activated
lymphocytes to malignant glioma resection cavities have been reported to date™*,
Despite the variety of effector cell types (LAK, TILs, alloreactive CTLs), their
heterogeneous composition/variability of composition from patient to patient, and
the often modest in vitro reactivity of these effector cells towards glioma targets,
these studies, in aggregate, report an approximate 50% response rate in patients
with recurrent/refractory disease with anecdotal long-term survivors. These studies
support the premise that a superior clinical effect of cellular immunotherapy for

glioma might be expected with homogenous highly potent effector cells.
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[0012] These pilot studies also report on the safety and tolerability of direct
administration of ex vivo activated lymphocytes and interleukin-2 (IL-2), a T cell
growth factor, into the resection cavity of patients with malignant glioma’ 7% 7% 82
592 Even at large individual cell doses (>10° cells/dose), as well as high
cumulative cell doses (>27x10° cells), toxicities are modest, and typically consist
of grade IT or less transient headache, nausea, vomiting and fever. As noted above,
these studies also employed the co-administration of rhIL-2 to support the in vivo
survival of transferred lymphocytes. Multiple doses given either concurrently with
lymphocytes or sequentially after lymphocyte administration were tolerated at
doses as high as 1.2x10° [U/dose for 12-dose courses of IL-2 delivered every 48-
hours.

[0013] Based on the findings outlined above, strategies to improve the anti-tumor
potency of lymphocyte effector cells used in glioma immunotherapy are under
development. One approach utilizes bi-specific antibodies capable of co-localizing
and activating T lymphocytes via an anti-CD3 domain with glioma targets utilizing
an epidermal growth factor receptor (EGFR) binding domain®™®. Preliminary
clinical experience with this bi-specific antibody in combination with autologous
lymphocytes suggests that T cells are activated in situ in the resection cavity.
Targeting infiltrating tumor cells within the brain parenchyma, however, is a
potentially significant limitation of this approach. T cells might have significantly
increased anti-glioma activity if they are specific for target antigens expressed by
gliomas. A growing number of human genes encoding tumor antigens to which T
lymphocytes are reactive have been cloned, including the SART-1 gene, which
appears to be expressed by nearly 75% of high-grade gliomas”. Both dendritic
cell-based in vitro cell culture techniques, as well as tetramer-based T cell selection
technologies are making feasible the isolation of antigen-specific T cells for
adoptive therapy. Since antigens like SART-1 are recognized by T cells in the
context of restricting HLA alleles, antigen-specific approaches will require
substantial expansion in the number of antigens and restricting HLA alleles capable
of presenting these antigens to be broadly applicable to the general population of

glioma patients.
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[0014] Chimeric antigen receptors engineered to consist of an extracellular single
chain antibody (scFvFc) fused to the intracellular signaling domain of the T cell
antigen receptor complex zeta chain (scFvFc:{) have the ability, when expressed in
T cells, to redirect antigen recognition based on the monoclonal antibody’s
specificity®. The design of scFvFc:{ receptors with target specificities for tumor
cell-surface epitopes is a conceptually attractive strategy to generate antitumor
immune effector cells for adoptive therapy as it does not rely on pre-existing anti-
tumor immunity. These receptors are “universal” in that they bind antigen in 2
MHC independent fashion, thus, one receptor construct can be used to treat a
population of patients with antigen-positive tumors. Several constructs for
targeting human tumors have been described in the literature including receptors
with specificities for Her2/Neu, CEA, ERRB-2, CD44v6, and epitopes selectively
expressed on renal cell carcinoma™'*. These epitopes all share the common
characteristic of being cell-surface moieties accessible to scFv binding by the
chimeric T cell receptor. In vitro studies have demonstrated that both CD4+ and
CD8+ T cell effector functions can be triggered via these receptors. Moreover,
animal models have demonstrated the capacity of adoptively transferred scFvFe:{
expressing T cells to eradicate established tumors'®. The function of primary
human T cells expressing tumor-specific scFvFc:{ receptors have been evaluated in
vitro; these cells specifically lyse tumor targets and secrete an array of pro-
inflammatory cytokines including IL-2, TNF, IFN-y, and GM-CSF'®. Phase I pilot
adoptive therapy studies are underway utilizing autologous scFvFc:{-expressing T
cells specific for HIV gp120 in HIV infected individuals and antologous scFvFe:{-
expressing T cells with specificity for TAG-72 expressed on a variety of
adenocarcinomas, including breast and colorectal adenocarcinoma.

{0015] Investigators at City of Hope have engineered a CD20-specific scFvFc:{
receptor construct for the purpose of targeting CD20+ B-cell malignancy and an
L1-CAM-specific chimeric immunoreceptor for targeting neuroblastoma'®,
Preclinical laboratory studies have demonstrated the feasibility of isolating and
expanding from healthy individuals and lymphoma patients CD8+ CTL clones that

contain a single copy of unrearranged chromosomally integrated vector DNA and
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express the CD20-specific scFvFc:{ receptor'”’

. To accomplish this, purified linear
plasmid DNA containing the chimeric receptor sequence under the transcriptional
control of the CMV immediate/early promoter and the NeoR gene under the
transcriptional control of the SV40 early promoter was introduced into activated
human peripheral blood mononuclear cells by exposure of cells and DNA to a brief
electrical current, a procedure called electroporation. Utilizing selection, cloning,
and expansion methods currently employed in FDA-approved clinical trials at the
Fred Hutchinson Cancer Research Center, Seattle, Washington, gene modified
CD8+ CTL clones with CD20-specific cytolytic activity have been generated from
each of six healthy volunteers in 15 separate electroporation procedures. These
clones when co-cultured with a panel of human CD20+ lymphoma cell lines

proliferate, specifically lyse target cells, and are stimulated to produce cytokines.

SUMMARY OF THE INVENTION

[0016] The present invention relates to chimeric transmembrane
immunoreceptors, named "zetakines,” comprised of an extracellular domain
comprising a soluble receptor ligand linked to a support region capable of tethering
the extracellular domain to a cell surface, a transmembrane region and an
intracellular signaling domain. Zetakines, when expressed on the surface of T
lymphocytes, direct T cell activity to those cells expressing a receptor for which the
soluble receptor ligand is specific. Zetakine chimeric immunoreceptors represent a
novel extension of antibody-based immunoreceptors for redirecting the antigen
specificity of T cells, with application to treatment of a variety of cancers,
particularly via the autocrine/paracrine cytokine systems utilized by human
malignancy.

[0017] In one preferred embodiment exploiting the tumor-restricted expression of
IL-13Rc2 by malignant glioma and renal cell carcinoma as a target for cellular
immunotherapy, a mutant of the [L-13 cytokine, [L-13(E13Y), having selective
high-affinity binding to IL-13Ra2 has been converted into a type I transmembrane
chimeric immunoreceptor capable of redirecting T cell antigen specificity to IL-

13Ra2-expressing tumor cells. This embodiment of the zetakine consists of
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extracellular IL-13(E13Y) fused to human IgG4 Fc, transmembrane CD4, and
intracellular T cell antigen receptor CD3 complex zeta chain. Analogous
immunoreceptors can be created that are specific to any of a variety of cancer cell
types that selectively express receptors on their cell surfaces, for which selective
ligands are known or can be engineered.

[0018] Bulk lines and clones of human T cells stably transformed to express such
an immunoreceptor display redirected cytolysis of the cancer cell type to which
they are specific, while showing negligible toxicity towards non-target cells. Such
engineered T cells are a potent and selective therapy for malignancies, including

difficult to treat cancers such as glioma.

BRIEF DESCRIPTION OF THE FIGURES

[0019] Figure 1: Results of a Western Blot showing that the IL13zetakine
Chimeric Immunoreceptor is expressed as an intact glycosylated protein in Jurkat T
cells.

[0020} Figure 2: Results of flow cytometric analysis showing that expressed
1L13zetakine chimeric immunoreceptor trafficks to the cell-surface as a type I
transmembrane protein.

[0021] Figure 3: Results of flow cytometric analysis showing the cell surface
phenotype of a representative primary human IL13zetakine” CTL clone.

[0022] Figure 4: Results of a chromium release assays showing (a) that the
11.13zetakine” CTL clone acquired glioma-specific re-directed cytolytic activity,
and (b) the profile of anti-glioma cytolytic activity by primary human
IL13zetakine* CD8" CTL clones was observed in glioma cells generally.

[0023] Figute 5: Results of in vitro stimulation of cytokine production, showing
that IL13zetakine” CTL clones are activated for cytokine production by glioma
stimulator cells.

[00024] Figure 6: Results of in vitro stimulation of cytokine production,
showing the specific inhibition of IL13zetakine” CTL activation for cytokine
production by anti-IL13R Mab and rhiL13.
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[0025] Figure 7: Results of growth studies showing (a) that IL13zetakine* CD8"*
CTL cells proliferate upon co-culture with glioma stimulators, and (b) the
inhibition of glioma-stimulated proliferation of IL13zetakine* CD8" CTL cells by
thiL-13.

[0026] Figure 8: Flow chart of the construction of IL13zetakine/HyTK-pMG.
[0027] Figure 9: Plasmid map of IL13zetakine/Hy TK-pMG.

DETAILED DESCRIPTION

[0028] An ideal cell-surface epitope for tumor targeting with genetically-
engineered re-directed T cells would be expressed solely on tumor cells in a
homogeneous fashion and on all tumors within a population of patients with the
same diagnosis. Modulation and/or shedding of the target molecule from the tumor
cell membrane may also impact on the utility of a particular target epitope for re-
directed T cell recognition. To date few "ideal" tumor-specific epitopes have been
defined and secondary epitopes have been targeted based on either lack of
expression on critical normal tissues or relative over-expression on tumors. In the
case of malignant glioma, the intracavitary administration of T cells for the
treatment of this cancer permits the expansion of target epitopes to those expressed
on tumor cells but not normal CNS with less stringency on expression by other
tissues outside the CNS. The concern regarding toxicity from cross-reactivity of
tissues outside the CNS is mitigated by a) the sequestration of cells in the CNS
based on the intracavitary route of administration and b) the low cell numbers
administered in comparison to cell doses typically administered systemically.
[0029] The IL-13Re2 receptor stands out as the most ubiquitous and specific
cell-surface target for malignant glioma*’. Sensitive autoradiographic and
immunohistochemical studies fail to detect IL-13 receptors in the CNS*: 4,
Moreover, mutation of the IL-13 cytokine to selectively bind the glioma-restricted
IL-13Re2 receptor is a further safeguard against untoward reactivity of IL-13-
directed therapeutics against IL-13Ra1/IL-4p+ normal tissues outside the CNS** %,
The potential utility of targeting glioma IL-13Ra2 the design and testing of a novel

engineered chimeric immunoreceptor for re-directing the specificity of T cells that
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consists of an extracellular 1L-13 mutant cytokine (E13Y) tethered to the plasma
membrane by human IgG4 Fc which, in turn, is fused to CD4TM and the
cytoplasmic tail of CD3 zeta. This chimeric immunoreceptor has been given the
designation of "[L-13 zetakine". The IL-13Ra2 receptor/IL-13(E13Y) receptor-
ligand pair is an excellent guide for understanding and assessing the suitability of
receptor-ligand pairs generally for use in zetakines. An ideal zetakine comprises an
extracellular soluble receptor ligand having the properties of IL-13(E13Y)
(specificity for a unique cancer cell surface receptor, in vivo stability due to it being
derived from a naturally-occurring soluble cell signal molecule, low
immunogenicity for the same reason). The use of soluble receptor ligands as
distinct advantages over the prior art use of antibody fragments (such as the scFvFc
immunoreceptors) or cell adhesion molecules, in that soluble receptor ligands are
more likely to be stable in the extracellular environment, non-antigenic, and more
selective.

[0030] Chimeric immunoreceptors according to the present invention comprise
an extracellular domain comprised of a soluble receptor ligand linked to an
extracellular support region that tethers the ligand to the cell surface via a
transmembrane domain, in turn linked to an intracellular receptor signaling
domain. Examples of suitable soluble receptor ligands include autocrine and
paracrine growth factors, chemokines, cytokines, hormones, and engineered
artificial small molecule ligands that exhibit the required specificity. Natural
ligand sequences can also be engineered to increase their specificity for a particular
target cell. Selection of a soluble receptor ligand for use in a particular zetakine is
governed by the nature of the target cell, and the qualities discussed above with
regard to the IL-13(E13Y) molecule, a preferred ligand for use against glioma.
Examples of suitable support regions include the constant (Fc) regions of
immunoglobins, human CD8«, and artificial linkers that serve to move the
targeting moiety away from the cell surface for improved access to receptor
binding on target cells. A preferred support region is the Fe region of an IgG (such
as IgG4). Examples of suitable transmembrane domains include the

transmembrane domains of the leukocyte CD markers, preferably that of CD8.
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Examples of intracellular receptor signaling domains are those of the T cell antigen
receptor complex, preferably the zeta chain of CD3 also Fey RIII costimulatory
signaling domains, CD28, DAP10, CD2, alone or in a series with CD3zeta.

[0031] Inthe IL-13 zetakine embodiment, the human IL-13 ¢DNA having the
E13Y amino acid substitution was synthesized by PCR splice overlap extension. A
full length IL-13 zetakine construct was assembled by PCR splice overlap
extension and consists of the human GM-CSF receptor alpha chain leader peptide,
IL-13(E13Y)-Gly-Gly-Gly, human IgG4 Fe, human CD4TM, and human
cytoplasmic zeta chain. This cDNA construct was ligated into the multiple cloning
site of a modified pMG plasmid under the transcriptional control of the human
Elongation Factor-1alpha promoter (Invivogen, San Diego). This expression
vector co-expresses the HyTK ¢cDNA encoding the fusion protein HyTK that
combines in a single molecule hygromycin phosphotransferase activity for in vitro
selection of transfectants and HSV thymidine kinase activity for i vivo ablation of
cells with ganciclovir from the CMV immediate/early promoter. Western blot of
whole cell Jurkat lysates pre-incubated with tunicamycin, an inhibitor of
glycosylation, with an anti-zeta antibody probe demonstrated that the expected
intact 56-kDa chimeric receptor protein is expressed. This receptor is heavily
glycosylated consistent with post-translational modification of the native IL-13

cytokine'™

. Flow cytometric analysis of IL-13 zetakine+ Jurkat cells with anti-
human IL-13 and anti-human Fe specific antibodies confirmed the cell-surface
expression of the IL-13 zetakine as a type I transmembrane protein.

[0032] Using established human T cell genetic modification methods developed
at City of Hope'?’, primary human T cell clones expressing the IL-13 zetakine
chimeric immunoreceptor have been generated for pre-clinical functional
characterization. IL-13 zetakine+ CD8+ CTL clones display robust proliferative
activity in ex vivo expansion cultures. Expanded clones display re-directed
cytolytic activity in 4-hr chromium release assays against human IL-13Ra2+
glioblastoma cell lines. The level of cytolytic activity correlates with levels of
zetakine expression on T cells and IL-13Ra2 receptor density on glioma target

cells. In addition to killing, IL-13 zetakine+ clones are activated for cytokine
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secretion (IFN-y, TNF-a, GM-CSF). Activation was specifically mediated by the
interaction of the IL-13 zetakine with the IL-13Ra2 receptor on glioma cells since
CTL clones expressing an irrelevant chimeric immunoreceptor do not respond to
glioma cells, and, since activation can be inhibited in a dose-dependent manner by
the addition to culture of soluble IL-13 or blocking antibodies against IL-13 on T
cell transfectants and IL-13Ra2 on glioma target cells. Lastly, IL-13 zetakine-
expressing CD8+ CTL clones proliferate when stimulated by glioma cells in
culture. 1L-13 zetakine+ CTL clones having potent anti-glioma effector activity
will have significant clinical activity against malignant gliomas with limited
collateral damage to normal CNS.

[0033] An immunoreceptor according to the present invention can be produced
by any means known in the art, though preferably it is produced using recombinant
DNA techniques. A nucleic acid sequence encoding the several regions of the
chimeric receptor can prepared and assembled into a complete coding sequence by
standard techniques of molecular cloning (genomic library screening, PCR, primer-
assisted ligation, site-directed mutagenesis, etc.) . The resulting coding region is
preferably inserted into an expression vector and used to transform a suitable
expression host cell line, preferably a T lymphocyte cell line, and most preferably
an autologous T lymphocyte cell line. A third party derived T cell line/clone, a
transformed humor or xerogenic immunologic effector cell line, for expression of
the immunoreceptor. NK cells, macrophages, neutrophils, LAK cells, LIK cells,
and stem cells that differentiate into these cells, can also be used. In a preferred
embodiment, lymphocytes are obtained from a patient by leukopharesis, and the
autologous T cells are transduced to express the zetakine and administered back to
the patient by any clinically acceptable means, to achieve anti-cancer therapy.
{0034]  Suitable doses for a therapeutic effect would be between about 10° and
about 10° cells per dose, preferably in a series of dosing cycles. A preferred dosing
regimen consists of four one-week dosing cycles of escalating doses, starting at
about 107 cells on Day 0, increasing incrementally up to a target dose of about 10*

cells by Day 5. Suitable modes of administration include intravenous,
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subcutaneous, intracavitary (for example by reservoir-access device),
intraperitoneal, and direct injection into a tumor mass.
[0035] The following examples are solely for the purpose of illustrating one

embodiment of the invention.

EXAMPLE 1: Construction of an immunoreceptor coding sequence

[0036] The coding sequence for an immunoreceptor according to the present
invention was constructed by de novo synthesis of the IL13(E13Y) coding
sequence using the following primers (see Fig. 8 for a flow chart showing the
construction of the immunoreceptor coding sequence and expression vector):
IL13PI1:

EcoRI
TATGAATTCATGGCGCTTTTGTTGACCACGGTCATTGCTCTCACTTGCC
TTGGCGGCTTTGCCTCCCCAGGCCCTGTGCCTCCCTCTACAGCCCTCAG
GTAC [SEQIDNO. 1]

IL13P2:
GTTGATGCTCCATACCATGCTGCCATTGCAGAGCGGAGCCTTCTGGTTC
TGGGTGATGTTGACCAGCTCCTCAATGAGGTACCTGAGGGCTGTAGAG
GGAG [SEQID NO. 2]

IL13P3:
CTCTGGGTCTTCTCGATGGCACTGCAGCCTGACACGTTGATCAGGGATT
CCAGGGCTGCACAGTACATGCCAGCTGTCAGGTTGATGCTCCATACCAT
GC [SEQID NO. 3]

IL13P4:
CCTCGATTTTGGTGTCTCGGACATGCAAGCTGGAAAACTGCCCAGCTGA
GACCTTGTGCGGGCAGAATCCGCTCAGCATCCTCTGGGTCTTCTCGATG
GC [SEQ ID NO. 4]

IL13P5:

BamHI
TCGGATCCTCAGTTGAACCGTCCCTCGCGAAAAAGTTTCTTTAAATGTA
AGAGCAGGTCCTTTACAAACTGGGCCACCTCGATTTTGGTGTCTCGG
[SEQIDNO. 5]

[0037] The final sequence (417bp) was end-digested with EcoRI-BamHI, and
ligated into the plasmid pSK (stratagene, LaJolla, CA) as ligation 312#3. Ligation

31243 was mutagenized (stratagene kit, per manufacturer's instructions) to fix a
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deleted nucleotide using the primers 5': IL13 312#3 mut5-3
(CAACCTGACAGCTGGCATGTACTGTGCAGCCCTGGAATC [SEQ ID NO.
6]) and 3:IL13 312#3 mut3-5
(GATTCCAGGGCTGCACAGTACATGCCAGCTGTCAGGTTG [SEQ ID NO.
7]), and ligation 31243 as a template, to form ligation 348#1 (IL13zetakine/pSK).
10038] The coding Human GM-CSFR alpha chain Signal Peptide (hsp) coding
sequence was fused to the 5' end of IL13(E13Y) by standard PCR splice overlap
extension. The hsp sequence (101 bp) was obtained from the template ligation
301#10 (hsp/pSK) (human GCSF receptor a-chain leader sequence from human T
cell cDNA), using the primers 5':19hsp5’
(ATCTCTAGAGCCGCCACCATGCTTCTCCTGGTGACAAGCCTTC [SEQ ID
NO. 8]) (Xbal site highlighted in bold), and 3': hsp-IL13FR
(GAGGGAGGCACAGGGCCTGGGATCAGGAGGAATG [SEQ ID NO. 97).
The IL-13 sequence (371 bp) was obtained using the primers 5': hsp-IL13FF
(CATTCCTCCTGATCCCAGGCCCTGTGCCTCCCTC [SEQ ID NO. 10]) and
31 IL13-IgG4FR (GGGACCATATTTGGACTCGTTGAACCGTCCCTCGC [SEQ
ID NO. 11]), and ligation 312#3 as template. Fusion was achieved using the 101
bp hsp sequence and 371 bp IL13 sequence thus obtained, and the primers 5':
19hsp5' and 3'; TL13-IgG4FR, to yeild a 438 bp fusion hsp-IL13 sequence.

[0039] A sequence encoding the IgG4 Fc region IgG4m:zeta was fused to the 3'
end of the hsp-IL13 fusion sequence using the same methods. The IgG4m:zeta
sequence (1119 bp) was obtained using the primers 5': IL13-IgG4FF
(GCGAGGGACGGTTCAACGAGTCCAAATATGGTCCC [SEQ ID NO. 12])
and 3" ZetaN3' (ATGCGGCCGCTCAGCGAGGGGGCAGG [SEQ ID NO. 13])
(Notl site highlighted in bold), using the sequence R9.10 (IgG4mZeta/pSK) as
template. The 1119 bp IgG4m:zeta sequence was fused to the hsp-IL13 fusion
sequence using the respective sequences as templates, and the primers 5': 19hsp5'
and 3": ZetaN3', to yeild a 1522 bp hsp-IL13-IgG4m:zeta fusion sequence. The
ends were digested with Xbal-Notl, and ligated into pSK as ligation 351#7, to
create the plasmid IL13zetakine/pSK (4464 bp).
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EXAMPLE 2: Construction of expression vector

[0040] An expression vector containing the IL13 zetakine coding sequence was
created by digesting the IL13zetakine/pSK of Example 1 with Xbal-Notl, and
creating blunt ends with Klenow, and ligating the resulting fragment into the
plasmid pMG”Pac (Invirogen) (first prepared by opening with SgrAl, blunting with
Klenow, and dephosphorylation with SAP), to yield the plasmid
IL13zetakine/pMG. See Fig. 8. The hygromycin resistance region of
IL13zetakine/pMG was removed by digestion with Notl-Nhel, and replaced by the
selection/suicide fusion HyTK, obtained from plasmid CE7R/Hy TK-pMG (Jensen,
City of Hope) by digestion with NotI-Nhel, to create the expression vector
1L.13zetakine/Hy TK-pMG (6785 bp). This plasmid comprises the Human
Elongation Factor-1a promoter (hEF1p) at bases 6-549, the IL13zetakine coding
sequence at bases 692-2185, the Simian Virus 40 Late polyadenylation signal (Late
SV40pAN) at bases 2232-2500, a minimal E. coli origin of replication (Ori ColE1)
at bases 2501-3247, a synthetic poly A and Pause site (SpAN) at bases 3248-3434,
the Immeate-early CMV enhancer/promoter (h CMV-1Aprom) at bases 3455-4077,
the Hygromyecin resistance-Thymidine kinase coding region fusion (HyTK) at bases
4259-6334, and the bovine growth hormone polyadenylation signal and a
transcription pause (BGh pAn) at bases 6335-6633. The plasmid has a Pacl
linearization site at bases 3235-3242. The hEF1p and IL13zetakine elements
derived from IL13zetakine/pMG, and the remaining elements derived from
CE7R/HyTk-pMG (and with the exception of the HyTK element, ultimately from
the parent plasmid pMG”Pac). In sum, IL13zetakine/HyTK-pMG is a modified
pMG backbone, expressing the IL13zetakine gene from the hEF1 promoter, and the
HyTK fusion from the h CMV-1A promoter. A map of the plasmid
IL13zetakine/Hy TK-pMG appears in Fig. 9.

EXAMPLE 3: Expression of the immunoreceptor
[0041] Assessment of the integrity of the expressed construct was first delineated
by Wester blot probed with an anit-zeta antibody of whole cell lysates derived from

Jurkat T cell stable transfectants'’ cocultured in the presence or absence of
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tunicamyecin, an inhibitor of glycosylation. Fig. 1. Jurkat T cell stable transfectants
(Jurkat-IL13-pMG bulk line) were obtained by electroporating Jurkat T cells with
the IL13zetakine/Hy TK-pMG expression vector, followed by selection and
expansion of positive transfectants. 2x10° cells from the Jurkat-IL13-pMG bulk
line wereé plated per well in a 24-well plate with or without 5 pg/ml, 10 pg/ml, or
20 pg/ml Tunicamycin. The plate was incubated at 37°C for 22 hrs. Cells were
harvested from each well, and each sample was washed with PBS and resuspended
in 50 pl RIPA buffer (PBS, 1% NP40, 0.5% sodium deoxycholate, 0.1% SDS)
containing 1 tablet/| 0ml Complete Protease Inhibitor Cocktail (Boehringer
Mannheim, Indianapolis, IN). Samples were incubated on ice for 30 minutes then
disrupted by aspiration with syringe with 21 gauge needle then incubated on ice for
an additional 30 minutes before being centrifuged at 4°C for 20 minutes at 14,000
rpm. Samples of centrifuged lysate supematant were harvested and boiled in an
equal volume of sample buffer under reducing conditions, then subjected to SDS-
PAGE electrophoresis on a 12% acrylamide gel. Following transfer to
nitrocellulose, membrane was allowed to dry O/N at 4°C. Next morning,
membrane was blocked in a Blotto solution containing 0.04 gm/ml non-fat dried
milk in T-TBS (0.02% Tween 20 in Tris buffered saline pH 8.0) for 1 hour.
Membrane was then incubated with primary mouse anti-human CD3{ monoclonal
antibody (Pharmingen, San Diego, CA) at a concentration of 1 pg/ml for 2 hours,
washed, and then incubated with a 1:3000 dilution (in Blotto solution) of goat anti-
mouse IgG alkaline phosphatase conjugated secondary antibody (Bio-Rad
ImmunoStar Kit, Hercules, CA) for | hour. Prior to developing, membrane was
washed 4 additional times in T-TBS, and then incubated with 3 ml of phosphatase
substrate solution (Biorad ImmunoStar Kit, Hercules, CA) for 5 minutes at room
temperature. Membrane was then covered with plastic, and exposed to x-ray film.
Consistant with the known glycosylation pattern of wild-type human IL-13, the
electrophoretic mobility of expressed IL-13(E13Y) zetakine is demonstrative of a
heavily glycosylated protein which, when expressed in the presence of

tunicamycin, is reduced to an amino acid backbone of approximately 54 kDa.
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[0042] The IL-13(E13Y) zetakine traffics to the cell surface as a homodimeric
type I transmembrane protein, as evidenced by flow cytometric analysis of
transfectants with a phycoerythrin (PE)-conjugated anti human-IL13 monoclonal
antibody and a fluorescein isothiocyanate (FITC)-conjugated mouse anti-human Fc
(gamma) fragment-specific F(ab'), antibody. Fig. 2. Jurkat IL13zetakine-pMG
transfectants were stained with anti-human Fc(FITC) antibody (Jackson
ImmunoResearch, West Grove, PA}, recombinant human IL13Re2/human IgG1
chimera (R&D Systems, Minneapolis, MN) followed by FITC-conjugated anti
human-IgG1 monoclonal antibody (Sigma, St. Louis, MO), and an anti-IL13(PE)
antibody (Becton Dickinson, San Jose, CA) for analysis of cell surface chimeric
receptor expression. Healthy donor primary cells were also stained with FITC-
conjugated anti-CD4, anti-CDS8, anti-TCR, and isotype control monoclonal
antibodies (Becton Dickinson, San Jose, CA) to assess cell surface phenotype. For
each stain, 10° cells were washed and resuspended in 100p1 of PBS containing 2%
FCS, 0.2 mg/ml NaN;, and 5 pl of stock antibody. Following a 30 minute
incubation at 4°C, cells were washed twice and either stained with a secondary
antibody, or resuspended in PBS containing 1% paraformaldehyde and analyzed on

a FACSCaliber cytometer.

EXAMPLE 4: Binding of IL13(E13Y) zetakine to IL13Re2 receptor

[0043] IL-13(E13Y), tethered to the cell membrane by human IgG4 Fc (i.e.,
IL13(E13Y) zetakine), is capable of binding to its target IL13Ra2 receptor as
assessed by flow cytometric analysis using soluble IL13Ra2-Fc fusion protein.
Fig. 3. Cloned human PBMC IL13zetakine-pMG transfectants were obtained by
electroporating PBMC with the IL13zetakine/HyTK-pMG expression vector,
followed by selection and expansion of positive transfectants'”’. 1L13zetakine”
CTL clonal cells were stained with a fluorescein isothiocyanate (FITC)-conjugated
mouse anti-human Fc (gamma) fragment-specific F(ab'), (Jackson
ImmunoResearch, West Grove, PA), recombinant human 1L13Ra2/human IgG1
chimera (R&D Systems, Minneapolis, MN) followed by FITC-conjugated anti
human-IgG1 monoclonal antibody (Sigma, St. Louis, MO), and a phycoerythrin
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(PE)-conjugated anti human-IL13 monoclonal antibody (Becton Dickinson, San
Jose, CA) for analysis of cell surface chimeric receptor expression. Healthy donor
primary cells were also stained with FITC-conjugated anti-CD4, anti-CDS8, anti-
TCR, and isotype control monoclonal antibodies (Becton Dickinson, San Jose, CA)
to assess cell surface phenotype. For each stain, 10° cells were washed and
resuspended in 100pl of PBS containing 2% FCS, 0.2 mg/ml NaNj, and 5 pl of
antibody. Following a 30 minute incubation at 4°C, cells were washed twice and
either stained with a secondary antibody, or resuspended in PBS containing 1%
paraformaldehyde and analyzed on a FACSCaliber cytometer.

[0044] Next, the immunobiology of the IL-13(E13Y) zetakine as a surrogate
antigen receptor for primary human T cells was evaluated. Primary human T cells
were electroporated with the plasmid expression vector. Positive transformants
were selected with hygromycin, cloned in limiting dilution, then expanded by
recursive stimulation cyles with OKT3, IL-2 and irradiated feeder cells. Clones
demonstrating IL 13zetakine expression by Western blot and FACS were then
subjected to functional evaluation in 4-hr chromium release assays against a variety
of IL-1362"/CD20" glioma cell lines (U251, SN-B19, U138), and the IL-130.
/CD20" B cell lyphocyte line Daudi). These tests showed that IL.13zetakine
conferred cytolytic activity that was specific for glioma cells (Fig. 4a), and that this
specific cytolytic activity is present for glioma cells as a class (Fig. 4b). The
cytolytic activity of MJ-IL13-pMG clones was assayed by employing *'Cr-labeled
SN-B19, U251, and U138 glioma cell lines (IL13a2+/CD20-) and Daudi
(CD20+/IL13a2-) as targets. MJ-IL13 effectors were assayed 8-12 days following
stimulation. Effectors were harvested, washed, and resuspeded in assay media:
2.5x10%, 1.25x10°, 2.5x10*, and 5x10° effectors were cultured in triplicate at 37°C
for 4 hours with 5x10° target cells in 96-well V-bottom microtiter plates. After
incubation, 100yl aliquots of cell-free supernatant were harvested and *'Cr in the
supernatants was assayed with a y-counter. Percent specific cytolysis was

calculated as follows:

(Experimental *'Cr release) - (control *'Cr release) ;0

( Maximum *'Cr release) - (control °'Cr release)

19

JP 2004-528848 A 2004.9.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(55)

WO 02/088334 PCT/US02/13500

Control wells contained target cells incubated in the presence of target cells alone.
Maximum *'Cr release was determined by measuring the *'Cr released by labeled
target cells in the presence of 2% SDS. Bulk lines of stabley transfected human T
cells consisting of approximately 40% IL-13(E13Y) zetakine" TCRa/B*
lymphocytes displayed re-directed cytolysis specific for 13Ra2" glioma targets in
4-hr chromium release assays (>50% specific lysis at E:T ratios of 25:1), with
negligable acitivity against IL-13Ra2" targets (<8% specific lysis at E:T ratios of
25:1). IL-13(E13Y) zetakine"CD8*TCRea/B" CTL clones selected on the basis of
high-level binding to anti-IL-13 antibody also display redirected IL13Ra2-specific
glioma cell killing. Fig. 4b.

[0045] 1IL-13 zetakine-expressing CD8" CTL clones are activated and proliferate
when stimulated by glioma cells in culture. Figs. 5-7. MJ-IL13-pMG Cl. F2
responder cells expressing the IL13 zetakine were evaluated for receptor-mediated
triggering of IFNy, GM-CSF, and TNFa production in vitro. 2x10° responder cells
were co-cultured in 24-well tissue culture plates with 2x10° irradiated stimulator
cells (Daudi, Fibroblasts, Neuroblastoma 10HTB, and glioblastoma U251) in 2 ml
total. Blocking rat anti-human-IL13 monoclonal antibody (Pharmingen, San
Diego, CA), recombinant human IL13 (R&D Systems, Minneapolis, MN), and
IL13Ra2-specific goat IgG (R&D Systems, Minneapolis, MN) were added to
aliquots of U251 stimulator cells {2x10°ml) at concentrations of 1 ng/ml, 10
ng/ml, 100 ng/ml, and 1 pg/ml, 30 minutes prior to the addition of responder cells.
Plates were incubated for 72 hours at 37° C, after which time culture supernatants
were harvested, aliquoted, and stored at -70°C. ELISA assays for IFNy, GM-CSF,
and TNFa were catried out using the R&D Systems (Minneapolis, MN) kit per
manufacturer’s instructions. Samples were tested in duplicate wells undiluted or
diluted at 1:5 or 1:10. The developed ELISA plate was evaluated on a microplate
reader and cytokine concentrations determined by extrapolation from a standard
curve. Results are reported as picograms/ml, and show strong activation for
cytokine production by glioma stimulator cells. Fig. 5, Fig. 6.

[0046] Lastly, IL-2 independent proliferation of IL13zetakine” CD8" CTL was

abserved upon co-cultivation with glioma stimulators (Fig. 7a), but not with IL13
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Ra2 stimulators. Proliferation was inhibited by the addition of rhIL-13 antibody
(Fig. 7b), showing that the observed proliferation was dependant on binding of
zetakine to the IL-13Re2 glioma cell-sepcific receptor.

EXAMPLE 5: Preparation of IL-13 zetakine™ T cells suitable for therapeutic use
[0047] The mononuclear cells are separated from heparinized whole blood by
centrifugation over clinical grade Ficoll (Pharmacia, Uppsula, Sweden). PBMC
are washed twice in sterile phosphate buffered saline (Irvine Scientific) and
suspended in culture media consisting of RPMI 1640 HEPES, 10% heat inactivated
FCS, and 4 mM L-glutamine. T cells present in patient PBMC are polyclonally
activated by addition to culture of Orthoclone OKT3 (30ng/ml). Cell cultures are
then incubated in vented T75 tissue culture flasks in the study subject’s designated
incubator. Twenty-four hours after initiation of culture thIL-2 is added at 25 U/ml.
[0048] Three days after the initiation of culture PBMC are harvested, centrifuged,
and resuspended in hypotonic electroporation buffer (Eppendorf) at 20x10°
cells/ml. 25 pg of the plasmid IL13zetakine/Hy TK-pMG of Example 3, together
with 400 p! of cell suspension, are added to a sterile 0.2 cm electroporation cuvette.
Each cuvette is subjected to a single electrical pulse of 250V/40ps and again
incubated for ten minutes at RT. Surviving cells are harvested from cuvettes,
pooled, and resuspended in culture media containing 25 U/ml thIL-2. Flasks are
placed in the patient’s designated tissue culture incubator. Three days following
electroporation hygromycin is added to cells at a final concentration of 0.2 mg/ml.
Electroporated PBMC are cultured for a total of 14 days with media and IL-2
supplementation every 48-hours.

{0049]  The cloning of hygromycin-resistant CD8+ CTL from electroporated
OKT3-activated patient PBMC is initiated on day 14 of culture. Briefly, viable
patient PBMC are added to a mixture of 100x10° cyropreserved irradiated feeder
PBMC and 20x10° irradiated TM-LCL in a volume of 200ml of culture media
containing 30 ng/ml OKT3 and 50 U/ml rhIL-2. This mastermix is plated into ten
96-well cloning plates with each well receiving 0.2 ml. Plates are wrapped in

aluminum foil to decrease evaporative loss and placed in the patient’s designated
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tissue culture incubator. On day 19 of culture each well receives hygromycin for a
final concentration of 0.2 mg/ml. Wells are inspected for cellular outgrowth by
visualization on an inverted microscope at Day 30 and positive wells are marked
for restimulation.

[0050] The contents of each cloning well with cell growth are individually
transferred to T25 flasks containing 50x10° irradiated PBMC, 10x10° irradiated
LCL, and 30ng/mlOKT3 in 25mls of tissue culture media. On days 1,3,5,7,9,11,
and 13 after restimulation flasks receive 50U/ml rhIL-2 and 15mls of fresh media.
On day 5 of the stimulation cycle flasks are also supplemented with hygromycin
0.2 mg/ml. Fourteen days after seeding cells are harvested, counted, and
restimulated in T75 flasks containing 150 x 10° irradiated PBMC, 30 x 10¢
irradiated TM-LCL and 30 ng/ml OKT3 in 50 mls of tissue culture media. Flasks
receive additions to culture of rhIL-2 and hygromycin as outlined above.

[0051] CTL selected for expansion for possible use in therapy are analyzed by
immunofluorescence on a FACSCalibur housed in CRB-3006 using FITC-
conjugated monoclonal antibodies WT/31 (aBTCR), Leu 2a (CD8), and OKT4
(CD4) to confirm the requisite phenotype of clones (B TCR+, CD4-, CD8+, and
1L13+). Criteria for selection of clones for clinical use include uniform TCR «p+,
CD4-, CD8+ and IL13+ as compared to isotype control FITC/PE-conjugated
antibody. A single site of plasmid vector chromosomal integration is confirmed by
Southern blot analysis. DNA from genetically modified T cell clones will be
screened with a DNA probe specific for the plasmid vector. Probe DNA specific
for the HyTK in the plasmid vector is synthesized by random priming with
florescein-conjugated dUTP per the manufacture’s instructions (Amersham,
Arlington Hts, IL). T cell genomic DNA is isolated per standard technique. Ten
micrograms of genomic DNA from T cell clones is digested overnight at 37°C then
electrophoretically separated on a 0.85% agarose gel. DNA is then transferred to
nylon filters (BioRad, Hercules, CA) using an alkaline capillary transfer method.
Filters are hybridized overnight with probe in 0.5 M Na,PO,, pH 7.2, 7% SDS,
containing 10 pg/ml sailmon sperm DNA (Sigma) at 65°C. Filters are then washed
four times in 40 mM Na,PO,, pH 7.2, 1% SDS at 65°C and then visualized using a
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chemiluminescence AP-conjugated anti-florescein antibody (Amersham, Arlington
Hts, IL). Criteria for clone selection is a single band unique vector band.

[0052] Expression of the IL-13 zetakine is determined by Western blot procedure
in which chimeric receptor protein is detected with an anti-zeta antibody. Whole
cell lysates of transfected T cell clones are generated by lysis of 2 x 107 washed
cells in 1 ml of RIPA buffer (PBS, 1% NP40, 0.5% sodium deoxycholate, 0.1%
SDS) containing 1 tablet/10ml Complete Protease Inhibitor Cocktail (Boehringer
Mannheim). After an eighty minute incubation on ice, aliquots of centrifuged
whole cell lysate supernatant are harvested and boiled in an equal volume of
loading buffer under reducing conditions then subjected to SDS-PAGE
electrophoresis on a precast 12% acrylamide gel (BioRad). Following transfer to
nitrocellulose, membranes are blocked in blotto solution containing .07 gm/ml non-
fat dried milk for 2 hours. Membranes are washed in T-TBS (.05% Tween 20 in
Tris buffered saline pH 8.0) then incubated with primary mouse anti-human CD3¢
monoclonal antibody 8D3 (Pharmingen, San Diego, CA) at a concentration of 1
pg/ml for 2 hours. Following an additional four washes in T-TBS, membranes are
incubated with a 1:500 dilution of goat anti-mouse IgG alkaline phosphatase-
conjugated secondary antibody for 1 hour. Ptior to developing, membranes are
rinsed in T-TBS then developed with 30 ml of “AKP” solution (Promega,
Madison, WI) per the manufacturer’s instructions. Criteria for clone selection is
the presence of a chimeric zeta band.

[0053] CD8+ cytotoxic T cell clones expressing the IL-13 zetakine chimeric
immunoreceptor recognize and lyse human glioblastoma target cells following
interaction of the chimeric receptor with the cell surface target epitope in a HLA-
unrestricted fashion. The requirements for target IL-13Re:2 epitope expression and
class I MHC independent recognition will be confirmed by assaying each aBTCR+,
CD8+, CD4-, [L-13 zetakine+ CTL clones against IL-13Ra2+ Daudi cell
transfectants and IL-13Re2- Daudi cells. T cell effectors are assayed 12-14 days
following stimulation with OKT3. Effectors are harvested, washed, and
resuspended in assay media; and Daudi cell transfectants expressing IL-13Re2.

2.5x10°, 1.25x10%, 0.25x10%, and 0.05x10° effectors are plated in triplicate at 37°C
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for 4 hours with 5x10° target cells in V-bottom microtiter plates (Costar,
Cambridge, MA). After centrifugation and incubation, 100 pL aliquots of cell-free
supernatant is harvested and counted. Percent specific cytolysis is calculated as
follows:

(Experimental *'Cr release) - (control *'Cr release) ,q
(Maximum *'Cr release) - (control *'Cr release)

Control wells contain target cells incubated in assay media. Maximum *'Cr release
is determined by measuring the *'Cr content of target cells lysed with 2% SDS.
Criteria for clone selection is >25% specific lysis of IL-13Ra2+ Daudi
transfectants at an E:T ratio of 5:1 and a <10% lysis of parental Daudi at the same

E:T ratio.

EXAMPLE 6: Treatment of human glioma using IL-13 zetakine-expressing T
cells.
[0054] T cell clones genetically modified according to Example 5 to express the
IL-13R zetakine chimeric immunoreceptor and HyTK are selected for:
a. TCRe/f*, CD4, CD8*, 1L-13" cell surface phenotype as determined
by flow cytometry.
b. Presence of a single copy of chromosomally integrated plasmid

vector DNA as evidenced by Southern blot.

c. Expression of the 1L-13 zetakine protein as detected by Western
blot.

d. Specific lysis of human IL-13Ra2" targets in 4-hr chromium release
assays.

e. Dependence on exogenous IL-2 for in vitro growth.

f. Mycoplasma, fungal, bacterial sterility and endotoxin levels <5
EU/ml.
g. In vitro sensitivity of clones to ganciclovir.
[0055] Peripheral blood mononuclear cells are obtained from the patient by
leukapheresis, preferably following recovery from initial resection surgery and at a

time at least three weeks from tapering off steroids and/or their most recent
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systemic chemotherapy. The target leukapheresis mononuclear cell yield is 5x10°
and the target number of hygromycin-resistant cytolytic T cell clones is 25 with the
expectation that at least five clones will be identified that meet all quality control
parameters for ex-vivo expansion. Clones are cryopreserved and patients monitored
by serial radiographic and clinical examinations. When recurrence of progression
of disease is documented, patients undergo a re-resection and/or placement of a
reservoir-access device (Omaya reservoir) for delivering T cells to the tumor
resection cavity. Following recovery from surgery and tapering of steroids, if
applicable, the patient commences with T cell therapy.

[0056] The patient receives a target of at least four one-week cycles of therapy.
During the first cycle, cell dose escalation proceeds from an initial dose on Day 0
of 107 cells, followed by 5x10 cells on Day 3 to the target dose of 10° cells on Day
5. Cycle 2 commences as early as one week from commencement of cycle 1. Those
patients demonstrating tumor regression with residual disease on MRI may have
additional courses of therapy beginning no earlier than Week 7 consisting of
repetition of Cycles 3 and 4 followed by one week of rest/restaging provided these
treatments are well tolerated (max. toxicities <grade 3) until such time that disease
progression or a CR is achieved based on radiographic evaluation.

[0057] Cell doses are at least a log less than doses given in studies employing
intracavitary LAK cells (individual cell doses of up to 10° and cumulative cell
numbers as high as 2.75x10'® have been safety administered), ex vivo expanded
TILs (up to 10° cells/dose reported with minimal toxicity) and allo-reactive
lymphocyte (starting cell dose 10° with cumulative cell doses up to 51.5x10%)
delivered to a similar patient population”®. The rationale for the lower cell doses
as proposed in this protocol is based on the increased in vitro reactivity/anti-tumor
potency of IL-13 zetakine+ CTL clones compared to the modest reactivity profile
of previously utilized effector cell populations. Low-dose repetitive dosing is
favored to avoid potentially dangerous inflammatory responses that might occur
with single large cell number instillations. Each infusion will consist of a single T
cell clone. The same clone will be administered throughout a patient’s treatment

course. On the days of T cell administration, expanded clones are aseptically
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processed by washing twice in 50cc of PBS then resuspended in pharmaceutical
preservative-free normal saline in a volume that results in the cell dose for patient
delivery in 2mls. T cells are instilled over 5-10 minutes. A 2ml PFNS flush will
be administered over 5 minutes following T cells. Response to therapy is assessed
by brain MRI +/- gandolinium, with spectroscopy.

[0058] Expected side-effects of administration of T cells into glioma resection
cavities typically consist of self-limited nausea and vomiting, fever, and transient
worsening of existing neurological deficits. These toxicities can be attributed to
both the local inflammation/edema in the tumor bed mediated by T cells in
combination with the action of secreted cytokines. These side-effects typically are
transient and less than grade II in severity. Should patients experience more severe
toxicities it is expected that decadron alone or in combination with ganciclovir will
attenuate the inflammatory process and ablate the infused cells. The inadvertent
infusion of a cell product that is contaminated with bacteria or fungus has the
potential of mediating serious or life-threatening toxicities. Extensive pre-infusion
culturing of the cell product is conducted to identify contaminated tissue culture
flasks and minimize this possibility. On the day of re-infusion, gram stains of
culture fluids, as well as, endotoxin levels are performed.

[0059} Extensive molecular analysis for expression of IL-13Ra2 has
demonstrated that this molecule is tumor-specific in the context of the CNS*- 4648
. Furthermore, the only human tissue with demonstrable IL-13R¢2 expression
appears to be the testis”2. This tumor-testis restrictive pattern of expression is
reminiscent of the growing number of tumor antigens (i.e. MAGE, BAGE, GAGE)
expressed by a variety of human cancers, most notably melanoma and renal cell

carcinoma'™'"",

Clinical experience with vaccine and adoptive T cell therapy has
demonstrated that this class of antigens can be exploited for systemic tumor
immunotherapy without concurrent autoimmune attack of the testis''>'*,
Presumably this selectively reflects the effect of an intact blood-testis barrier and
an immunologically privileged environment within the testis. Despite the exquisite
specificity of the mutant IL-13 targeting moiety, toxicities are theoretically possible

if cells egress into the systemic circulation in sufficient numbers and recognize
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tissues expressing the IL-13R¢ 1/IL-4p receptor. In light of this remote risk, as well
as the possibility that instilled T cells in some patients may mediate an overly
exuberant inflammatory response in the tumor bed, clones are equipped with the
HyTK gene which renders T cells susceptible to in vivo ablation with ganciclovir''*
"8 Ganciclovir-suicide, in combination with an intra-patient T cell dose escalation
strategy, helps minimize the potential risk to research participants.

[0060] Side effects associated with therapy (headache, fever, chills, nausea, etc.)
are managed using established treatments appropriate for the condition. The
patient receives ganciclovir if any new grade 3 or any grade 4 treatment-related
toxicity is observed that, in the opinion of the treating physician, puts that patient at
significant medical danger. Parentally administered ganciclovir is dosed at 10
mg/kg/day divided every 12 hours. A 14-day course will be prescribed but may be
extended should symptomatic resolution not be achieved in that time interval.
Treatment with ganciclovir leads to the ablation of IL-13 zetakine" HyTK* CD8"
CTL clones. Patients should be hospitalized for the first 72 hours of ganciclovir
therapy for monitoring purposes. If symptoms do not respond to ganciclovir within
48 hours additional immunosuppressive agents including but not limited to
corticosteroids and cyclosporin may be added at the discretion of the treating
physician. If toxicities are severe, decadron and/or other immunosuppressive drugs

along with ganciclovir are used earlier at the discretion of the treating physician.
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1 claim:

1.

A chimeric immunoreceptor comprising the following linked elements,
arranged in the stated order:

a) an extracellular domain comprising a soluble receptor ligand,

b) a support region capable of tethering the extracellular domain to a cell
surface,

¢) atransmembrane region, and

d) an intracellular signalling domain.

The chimeric immunoreceptor of claim 1, wherein the extracellular domain
comprises a soluble ligand selected from the group consisting of autocrine
growth factors, paracrine growth factors, chemokines, cytokines, hormones,

and engineered artificial small molecule ligands.

The chimeric immunoreceptor of claim 1, wherein the support region is
selected from the group consisting of the constant regions of

immunoglobins, CD8, and artificial linkers.

The chimeric immunoreceptor of claim 1, wherein the transmembrane

region is a transmembrane domain of a leukocyte CD marker.

The chimeric immunoreceptor of claim 1, wherein the intracellular
signalling domain is selected from the group consisting of the intracellular
receptor signalling domain of the T cell antigen complex, Fcy RIII
costimulatory domains, CD28, DAP10 and CD2.

The chimeric immunoreceptor of claim 1, comprising the following linked
elements, in the stated order:

a) ILI3(E13Y),

b) an IgG4 constant region,

¢) aCD4 transmembrane domain, and
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d) an intracellular T cell antigen receptor CD3 complex zeta chain.

The chimeric immunoreceptor of claim 1, wherein the immunoreceptor is
expressed by a T lymphocyte cell line transformed with a DNA sequence

encoding the immunoreceptor.

A method for treating human cancer, comprising administering to a human
suffering from cancer a plurality of cells expressing an immunoreceptor of
any of claims 1-7, wherein the soluble receptor ligand of the

immunoreceptor is specific for a cancer-specific cell surface receptor.

The method of claim 8, wherein the the cancer-specific cell surface receptor

is a cytokine receptor.

The method of claim 9, wherein the soluble receptor ligand is IL-13(E13Y).
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<120> Chimeric Immunoreceptor Useful in Treating Human Cancers

<130> 1954-364

<150> US 60/286,981
<151> 2001-04-30

<160> 13

<170> PatentIn version 3.1

<210> 1
<211> 102
<212> DNA

<213> Human

<400> 1
tatgaattca tggcgctttt

gcctececag gocctgtgee

<210> 2
<211> 101
<212> DNA

<213> Human

<400> 2
gttgatgctc cataccatge

gaccagctec tcaatgaggt

<210> 3
<211> 100
<212> DNA

<213> Human

<400> 3
ctctgggtet tctcegatgge

cagtacatgc cagctgtcag

<210> 4
<z11> 100
<212> DNA

<213>" Human

<400> 4
cctegatttt ggtgtctegg

ggeagaatce gotcageate

gttgaccacg gtcattgcte

tcectetaca geccteaggt

tgccattgca gageggagece

acctgagggc tgtagaggga

actgcagcct gacacgttga

gttgatgctc cataccatge

acatgcaagc tggaaaactg

ctctgggtet tctcgatgge

1/3

tcacttgect tggeggcettt

ac

ttctggttet gggtgatgtt

g

tcagggattc cagggctgea

cccagetgag accttgtgeg

60

102

101

60

100

100
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<210> 5
<211> 96
<212> DNA
<213> Human
<400> 5
tcggatccte agttgaaccg tccctcgega aaaagtttct ttaaatgtaa gagcaggtec 60
tttacaaact gggccacctc gattttggtg tctcgg 96
<210> 6
<211> 39
<212> DNA
<213> Artificial Sequence
<220>
<223> IL13 312#3 mut5-3 primer
<400> 6
caacctgaca gctggcatgt actgtgcage cctggaatc 39
<210> 7
<211> 39
<212> DNA
<213> Artificial Seguence
<220>
<223> IL13 31243 mut3-5 primer
<400> 7
gattccaggg ctgcacagta catgeccagct gtcaggttg 33
<210> 8
<211> 43
<212> DNA
<213> Human
<400> 8
atctctagag ccgecaccat gettctectg gtgacaagee tte 43
<210> 9
<211> 34
<212> DNA
<213> Human
<400> 9
gagggaggca cagggcctgg gatcaggagy aatg 34
<210> 10
<211> 34
<212> DNA
<213> Human
<400> 10
34

cattcctect gatcccagge cctgtgecte ccte

2/3
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<210> 11
<211> 35
<212> DNA
<213> Human
<400> 11

gggaccatat ttggactcgt tgaaccgtcce ctege

<210>
<211>
<212>
<213>

<400>

12

35
DNA
Human

12

gcgagggacg gttcaacgag tccaaatatg gtccec

«210>
<211>
<z12>
<213>

<400>

13

26
DNA
Human

13

atgcggecge tcagegaggg ggcagg

3/3
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CHIMERIC IMMUNORECEPTOR USEFUL
IN TREATING HUMAN CANCERS

TECHNICAL FIELD

[0001] This invention relates to cancer therapy, and the use of genetically-
modified T-lymphocytes expressing chimeric immunoreceptors in the treatment of
human brain tumors and other cancers.

BACKGROUND OF THE INVENTION

[0002] Primary brain tumors are the third leading contributor to cancer-related
mortality in young adults, are the second leading contributor in children, and

appear to be increasing in incidence both in the pediatric and geriatric population'.

Gliomas are the most common type of primary brain tumors; 20,000 cases are
diagnosed and 14,000 glioma-related deaths occur annually in the United States™®.
Gliomas are heterogeneous with respect to their malignant behavior and, in their
most common and aggressive forms, anaplastic astrocytoma (AA-grade I1T) and
glioblastoma multiforme (GBM-grade IV), are rapidly progressive and nearly
uniformly lethal® ¥, Currently available therapeutic modalities have minimal
curative potential for these high-grade tumors and often exacerbate the already
severe morbidities imposed by their location in the central nervous system. Thus
patients with malignant glioma are often struck in the most productive period of
their lives; frequent deterioration of mental faculties and a high case:fatality ratio

confribute to the unique personal and social impact of these tumors.
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[0003] The cornerstones of oncologic management of malignant glioma are
resection and radiation therapy'""®. With modern surgical and radiotherapeutic
techniques the mean duration of survival has increased to 82 weeks for
glioblastoma multiforme and 275 weeks for anaplastic astrocytoma, although 5-
year survival rates have only increased from 3 to 6% for glioblastoma multiforme
and 12.1% for anaplastic astrocytoma®®. The major prognostic indicators for
prolonged survival are younger age (<40yrs) and performance status (KPS score
>70)"". Resections of >90% of bulky tumors are usually attempted provided that
vital functional anatomy is spared. When used in conjunction with post-operative
radiation therapy, the impact of extent of resection on duration of survival is less
clear'® ¥, The addition of chemotherapy to resection and radiation provides only
marginal survival advantage to patients with anaplastic astrocytoma or
glioblastoma multiforme®*. Nitrosureas alone or in combination with
procarbazine and vincristine are the conventional drugs used in the community and
appear to improve the 1-year and 2-year survival rates by 15% without impacting
on the overall median survival**%. More aggressive regimens incorporating
platinum-based drugs and topoisomerase inhibitors are under investigation®. The
role of high-dose chemotherapy with stem cell rescue has not been substantiated to
date”?.

[0004]  Approximately 80% of recurrent tumors arise from radiographically
enhancing remnants of the original incompletely resected tumor'®>%3!, Provided
recurrences are unifocal and amenable in their location to aggressive re-resection,
this approach can extend survival duration, particularly for patients with anaplastic
astrocytoma and those glioblastoma multiforme patients with 2 KPS >70.1° The
median survival of recurrent glioblastoma multiforme patients treated with re-

resection is 36 weeks!® 33!

. Radiation therapy in the form of either brachytherapy
or stereotactic radiosurgery may extend the duration of survival in re-resected
recurrent glioblastoma multiforme patients by only 10-12 weeks®. The use of
chemotherapy in the setting of recurrent disease should be in the context of

available clinical trials, as its efficacy in this patient population is unsubstantiated.
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[0005]  The continued dismal prognosis of malignant glioma has prompted the
clinical investigation of novel therapeutic entities, including, but not limited to:
gene therapy (TK-suicide, antisense inhibition of tumor growth factor receptors,
conditionally lethal viral vectors), immunotherapy (antibody, tumor cell vaccines,
immunotoxins, adoptive transfer of activated lymphocytes), and anti-angiogenesis
approaches™*. The multiplicity of challenges faced in the development of
effective adjuvant therapies for malignant glioma include the extensive infiltrative
growth of tumor cells into normal brain parenchyma, the capacity of soluble factors
elaborated from these tumors to attenuate the development of immune responses,
and the difficulty of establishing clinically meaningful therapeutic ratios when.
administering therapeutics into the ceniral nervous system (CNS). Early clinical
evaluation of novel therapeutics is clearly indicated in this patient population.
[0006] Recently, receptors for transferrin and growth factors have been the
subject of experimental glioma therapeutics utilizing ligands for these receptors
conjugated to toxins or radionucleotides as a delivery system*'. The specificity of
this approach relies on the unique expression or over-expression of targeted
receptors on glioma cells compared to normal brain. Interestingly, some receptor
complexes for interleukins utilized by the immune system are expressed by
gliomas, in particular high-affinity IL-13 receptors'>*®. Unlike the IL-13 receptor
trimolecular complex utilized by the immune system, which consists of the IL-
13Rel, the IL-4R, and yc, glioma cells overexpress a unique IL-13Re:2 chain
capable of binding IL-13 independently of the requirement for IL-4RB or yc* 4%,
Like its homologue IL-4, IL~13 has pieotrophic immunoregulatory activity outside
the CNS**#. Both cytokines stimulate IgE production by B lymphocytes and
suppress pro-inflammatory cytokine production by macrophages. The
immunobiology of IL-13 within the CNS is largely unknown.
[0007]  Detailed studies by Debinski et al. using autoradiography with
radiolabeled IL-13 have demonstrated abundant [L-13 binding on nearly all
malignant glioma tissues studied® %45, Moreover, the binding is highty
homogeneous within tumor sections and from single cell analysis*® *. Scatchard

analyses of IL-13 binding to human glioma cell lines reveals on average 17,000~
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28,000 binding sites/cell*. Molecular analysis using probes specific for IL-13Re2
mRNA fail to demonstrate expression of the glioma-specific receptor by normal
brain elements in all CNS anatomic locations**, Furthermore, autoradiography
with radiolabeled I1.-13 failed to demonstrate detectable specific IL-13 binding in
the CN'S, suggesting that the shared IL13Re:1/IL-4p/yc receptor is also not
expressed at detectable levels in the CNS®. These findings were independently
verified using immunohistochemical techniques on non-pathologic brain sections
with antibodies specific for IL-13Ra1 and IL-4p*. Thus IL-13Re2 stands as the
most specific and ubiquitously expressed cell-surface target for glioma described to
date.
[0008]  As astrategy to exploit the glioma-specific expression of IL-13Ra2 in the
CNS, molecular constructs of the IL-13 cytokine have been described that fuse
various cytotoxins (Pseudomonas exotoxin and Diptheria toxin) to its carboxyl
terminal®**, Internalization of these toxins upon binding to IL-13 receptors is the
basis of the selective toxicity of these fusion proteins. These toxins display potent
cytotoxicity towards glioma cells in vitro at picomolar concentrations®, Human
intracranial glioma xenografts in immunodeficient mice can be eliminated by
intrafumor injection of the IL-13-toxin fusion protein without observed toxicities™.
These studies support the initiation of clinical investigation utilizing IL-13-directed
immunotoxins loco-regionally for malignant glioma.
[0009] However, the binding of ILL-13-based cytotoxins to the broadly expressed
IL-13Re1/IL-4B/ve receptor complex has the potential of mediating untoward
toxicities to normal tissues outside the CN$, and thus limits the systemic
administration of these agents. IL-13 has been extensively dissected at the
molecular level: structural domains of this cytokine that are important for
associating with individual receptor subunits have been mapped®s .
Consequently, selected amino acid substitutions in IL.-13 have predictable effects
on the association of this cytokine with its receptor subunits. Amino acid
substitutions in IL-13"s alpha helix A, in particular at amino acid 13, disrupt its
ability to associate with IL-4p, thereby selectively reducing the affinity of IL-13 to
the IL-13Re:1/IL-4p/vc receptor by a factor of five’™ %, Surprisingly, binding of
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mutant [L-13(E13Y) to IL-13Ra2 was not only preserved but increased relative to
wild-type IL-13 by 50-fold. Thus, minimally altered IL-13 analogs can
simultaneously increase IL-13’s specificity and affinity for glioma cells via
selective binding to IL-13Ra2 relative to normal tissues bearing IL-13Ra1/IL~
4B/ye receptors.

[0010] Malignant gliomas represent a clinical entity that is highly attractive for
immunotherapeutic intervention since 1) most patients with resection and radiation
therapy achieve a state of minimal disease burden and 2) the anatomic location of
these tumors within the confines of the CNS make direct loco-regional
administration of effector cells possible. At least two pathologic studies have
demonstrated that the extent of perivascular lymphocytic infiltration in malignant
gliomas correlates with an improved prognosis®®. Animal model systems have
established that glioma-specific T cells, but not lymphokine-activated killer (LAK)
cells, can mediate the regression of intracerebrally implanted gliomas®>”!. T cells,
unlike LAK cells, have the capacity to infiltrate into brain parenchyma and thus can
target infiltrating tumor cells that may be distant from the primary tumor. Despite
these findings, there is a substantial body of evidence that gliomas actively subvert
immune destruction, primarily by the elaboration of immunosuppressive cytokines
(TGF-B2) and prostaglandins, which, inhibit the induction/amplification of glioma-
reactive T cell responses™”. These findings have prompted the evaluation of ex
vivo expanded anti-glioma effector cells for adoptive therapy as a strategy to
overcome tumor-mediated limitations of generating responses ix vivo.

[0011] At least ten pilot studies involving the administration of ex vive activated
lymphocytes to malignant glioma resection cavities have been reported to date” %,
Despite the variety of effector cell types (LAK, TILs, alloreactive CTLs), their
heterogeneous composition/variability of composition from patient to patient, and
the often modest in vitro reactivity of these effector cells towards glioma targets,
these studies, in aggregate, report an approximate 50% response rate in patients
with recurrent/refractory disease with anecdotal long-term survivors. These studies
support the premise that a superior clinical effect of cellular immumotherapy for

glioma might be expected with homogenous highly potent effector cells.
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[0012]  These pilot studies also report on the safety and tolerability of direct
administration of ex vivo activated Iymphocytes and interleukin-2 (IL-2), a T cell
growth factor, into the resection cavity of patients with malignant glioma? 76 78
¥%2. Even at large individual cell doses (>10° cells/dose), as well as high
cumulative cell doses (>27x10° cells), toxicities are modest, and typically consist
of grade IT or less transient headache, nausea, vomiting and fever, As noted above,
these studies also employed the co-administration of thiL-2 to support the in vivo
survival of transferred lymphocytes. Multiple doses given either concurrently with
lymphoeytes or sequentially after lymphocyte administration were tolerated at
doses as high as 1.2x10° IU/dose for 12-dose courses of IL-2 delivered every 48-
hours.

[0013] Based on the findings outlined above, strategies to improve the anti-tumor
potency of lymphocyte effector cells used in glioma immunotherapy are under
development. One approach utilizes bi-specific antibodies capable of co-localizing
and activating T lymphocytes via an anti-CD3 domain with glioma targets utilizing
an epidermal growth factor receptor (EGFR) binding domain’**, Preliminary
clinical experience with this bi-specific antibody in combination with autologous
lymphocytes suggests that T cells are activated in situ in the resection cavity.
Targeting infiltrating tumor cells within the brain parenchyma, however, is a
potentially significant limitation of this approach. T cells might have significantly
increased anti-glioma activity if they are specific for target antigens expressed by
gliomas. A growing number of human genes encoding tumor antigens to which T
lymphocytes are reactive have been cloned, including the SART-1 gene, which
appears to be expressed by nearly 75% of high-grade gliomas”. Both dendritic
cell-based in vitro cell culture techniques, as well as tetramer-based T cell selection
technologies are making feasible the isolation of antigen-specific T cells for
adoptive therapy. Since antigens like SART-1 are recognized by T cells in the
context of restricting HLA alleles, antigen-specific approaches will require
substantial expansion in the number of antigens and restricting HLA alleles capable
of presenting these antigens to be broadly applicable to the general population of
glioma patients.
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[0014]  Chimeric antigen receptors engineered to consist of an extracellular single
chain antibody (scFvFc) fused to the intracellular signaling domain of the T cell
antigen receptor complex zeta chain (scFvFc:) have the ability, when expressed in
T cells, to redirect antigen recognition based on the monoclonal antibody’s
specificity®. The design of scFvFc:{ receptors with target specificities for tumor
cell-surface epitopes is a conceptually attractive strategy to generate antitumor
immune effector cells for adoptive therapy as it does not rely on pre-existing anti-
tumor immunity. These receptors are “universal” in that they bind antigen in a
MHC independent fashion, thus, one receptor construct can be used to treat a
population of patients with antigen-positive tumors. Several constructs for
targeting human tumors have been described in the literature including receptors
with specificities for Her2/Neu, CEA, ERRB-2, CD44v6, and epitopes selectively
expressed on renal cell carcinoma®*™, These epitopes all share the common
characteristic of being cell-surface moieties accessible to scFv binding by the
chimeric T cell receptor. In vitro studies have demonstrated that both CD4+ and
CD8+ T cell effector functions can be triggered via these receptors. Moreover,
animal models have demonstrated the capacity of adoptively transferred scFvFe:{

expressing T cells to eradicate established tumors'®.

The function of primary
human T cells expressing tumor-specific scFvFc:( receptors have been evaluated in
vitro; these cells specifically lyse tumor targets and secrete an array of pro-
inflammatory cytokines including IL-2, TNF, IFN-y, and GM-CSF'®, Phase I pilot
adoptive therapy studies are underway utilizing autologous scFvFc:{-expressing T
cells specific for HIV gp120 in HIV infected individuals and autologous scFvFc:(-
expressing T cells with specificity for TAG-72 expressed on a variety of
adenocarcinomas, including breast and colorectal adenocarcinoma.

[0015] Investigators at City of Hope have engineered a CD20-specific scFvFc:{
receptor construct for the purpose of targeting CD20+ B-cell malignancy and an
L1-CAM-specific chimeric immunoreceptor for targeting neuroblastoma!®.
Preclinical laboratory studies have demonstrated the feasibility of isolating and
expanding from healthy individuals and lymphoma patients CD8+ CTL clones that

contain a single copy of unrearranged chromosomally integrated vector DNA and
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express the CD20-specific scFvFc: receptor'®”. To accomplish this, purified linear
plasmid DNA containing the chimeric receptor sequence under the transcriptional
control of the CMV immediate/early promoter and the NeoR gene under the
transcriptional control of the SV40 early promoter was introduced into activated
human peripheral blood mononuclear cells by exposure of cells and DNA to a brief
electrical current, a procedure called electroporation. Utilizing selection, cloning,
and expansion methods currently employed in FDA-approved clinical trials at the
Fred Hutchinson Cancer Research Center, Seattle, Washington, gene modified
CD8+ CTL clones with CD20-specific cytolytic activity have been generated from
each of six healthy volunteers in 15 separate electroporation procedures. These
clones when co-cultured with a panel of human CD20+ lymphoma cell lines

proliferate, specifically lyse target cells, and are stimulated to produce cytokines.

SUMMARY OF THE INVENTION

[0016] The present invention relates to chimeric transmembrane
immunoreceptors, named "zetakines," comprised of an extracellular domain
comprising a soluble receptor ligand linked to a support region capable of tethering
the extracellular domain to a cell surface, a transmembrane region and an
intracellular signaling domain. Zetakines, when expressed on the surface of T
lymphocytes, direct T cell activity to those cells expressing a receptor for which the
soluble receptor ligand is specific. Zetakine chimeric immunoreceptors represent a
novel extension of antibody-based immunoreceptors for redirecting the antigen
specificity of T cells, with application to treatment of a variety of cancers,
particularly via the autocrine/paracrine cytokine systems utilized by human
malignancy.

[0017] In one preferred embodiment exploiting the tumor-restricted expression of
IL-13Ra2 by malignant glioma and renal cell catcinoma as a target for cellular
immunotherapy, a mutant of the IL.-13 cytokine, IL-13(E13Y), having selective
high-affinity binding to IL-13Ra?2 has been converted into a type I transmembrane
chimeric immunoreceptor capable of redirecting T cell antigen specificity to IL-

13Ra2-expressing tumor cells. This embodiment of the zetakine consists of
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extracellular IL-13(E13Y) fused to human IgG4 Fe, transmembrane CD4, and
intracellular T cell antigen receptor CD3 complex zeta chain. Analogous
immunoreceptors can be created that are specific to any of a variety of cancer cell
types that selectively express receptors on their cell surfaces, for which selective
ligands are known or can be engineered.

[0018] Bulk lines and clones of human T cells stably transformed to express such
an immunoreceptor display redirected cytolysis of the cancer cell type to which
they are specific, while showing negligible toxicity towards non-target cells. Such
engineered T cells are a potent and selective therapy for malignancies, including

difficult to treat cancers such as glioma.

BRIEF DESCRIPTION OF THE FIGURES

[0019] Figure 1: Results of a Western Blot showing that the IL.13zetakine
Chimetic Immunoreceptor is expressed as an intact glycosylated protein in Jurkat T
cells.

[0020] Figure 2: Results of flow cytometric analysis showing that expressed
IL13zetakine chimeric immunoreceptor trafficks to the cell-surface as a type I
transmembrane protein.

[0021] Figure 3: Results of flow cytometric analysis showing the cell surface
phenotype of a representative primary human IL13zetakine” CTL clone.

[0022] Figure 4: Results of a chromium release assays showing (a) that the
IL13zetakine™ CTL clone acquired glioma-specific re-directed cytolytic activity,
and (b) the profile of anti-glioma cytolytic activity by primary human
IL13zetakine’” CD8" CTL clones was observed in glioma cells generally.

[0023] Figure 5: Results of in vitro stimulation of cytokine production, showing
that IL13zetakine™ CTL clones are activated for cytokine production by glioma
stimulator cells.

[00024] Figure 6: Results of in vitro stimulation of cytokine production,
showing the specific inhibition of IL13zetakine™ CTL activation for cytokine
production by anti-IL13R Mab and rhIL13.
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[0025] Figure 7: Results of growth studies showing (a) that IL13zetakine* CD8*
CTL cells proliferate upon co-culture with glioma stimulators, and (b) the
inhibition of glioma-stimulated proliferation of IL.13zetakine" CD8" CTL cells by
ThIL-13.

[0026] Figure 8: Flow chart of the construction of IL13zetakine/HyTK-pMG.
[0027] Figure 9: Plasmid map of IL13zetakine/HyTK-pMG.

DETAILED DESCRIPTION

[0028] An ideal cell-surface epitope for tumor targeting with genetically-
engineered re-directed T cells would be expressed solely on tumor cells in a
homogeneous fashion and on all tumors within a population of patients with the
same diagnosis. Modulation and/or shedding of the target molecule from the tumor
cell membrane may also impact on the utility of a particular target epitope for re-
directed T cell recognition. To date few "ideal" tumor-specific epitopes have been
defined and secondary epitopes have been targeted based on either lack of
expression on critical normal tissues or relative over-expression on tumors. In the
case of malignant glioma, the intracavitary administration of T cells for the
treatment of this cancer permits the expansion of target epitopes to those expressed
on tumor cells but not normal CNS with less stringency on expression by other
tissues outside the CNS. The concern regarding toxicity from cross-reactivity of
tissues outside the CNS is mitigated by a) the sequestration of cells in the CNS
based on the intracavitary route of administration and b) the low cell numbers
administered in comparison to cell doses typically administered systemically.
[0029] The IL-13Ra2 receptor stands out as the most ubiquitous and specific
cell-surface target for malignant glioma”’. Sensitive autoradiographic and
immunohistochemical studies fail to detect IL-13 receptors in the CNS*6 48,
Moreover, mutation of the IL-13 cytokine to selectively bind the glioma-restricted
IL-13Ra2 receptor is a further safeguard against untoward reactivity of IL-13-
directed therapeutics against IL-13Ra1/TL-4B+ normal tissues outside the CNS%7,
The potential utility of targeting glioma IL-13Ra2 the design and testing of a novel

engineered chimeric immunoreceptor for re-directing the specificity of T cells that
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consists of an extracellular IL-13 mutant cytokine (E13Y) tethered to the plasma
membrane by human IgG4 Fe which, in turn, is fused to CD4TM and the
cytoplasmic tail of CD3 zeta, This chimeric immunoreceptor has been given the
designation of "TL-13 zetakine". The IL-13Re2 receptor/[L-13 (E13Y) receptor-
ligand pair is an excellent guide for understanding and assessing the suitability of
receptor-ligand pairs generally for use in zetakines. An ideal zetakine comprises an
extracellular soluble receptor ligand having the properties of IL-13(E13Y)
(specificity for a unique cancer cell surface receptor, in vivo stability due to it being
derived from a naturally-occurring soluble cell signal molecule, low
immunogenicity for the same reason). The use of soluble receptor ligands as
distinet advantages over the prior art use of antibody fragments (such as the scFvFc
immunoreceptors) or cell adhesion molecules, in that soluble receptor ligands are
more likely to be stable in the extracellular environment, non-antigenic, and more
selective.

[0030]  Chimeric immunoreceptors according to the present invention comprise
an extracellular domain comprised of a soluble receptor ligand linked to an
extracellular support region that tethers the ligand to the cell surface via a
transmembrane domain, in turn linked to an intracellular receptor signaling
domain. Examples of suitable soluble receptor ligands include autocrine and
paracrine growth factors, chemokines, cytokines, hormones, and engineered
artificial small molecule ligands that exhibit the required specificity. Natural
ligand sequences can also be engineered to increase their specificity for a particular
target cell. Selection of a soluble receptor ligand for use in a particular zetakine is
governed by the nature of the target cell, and the qualities discussed above with
regard to the IL-13(E13Y) molecule, a preferred ligand for use against glioma.
Examples of suitable support regions include the constant (Fc) regions of
immunoglobins, human CD8+, and artificial linkers that serve to move the
targeting moiety away from the cell surface for improved aceess to receptor
binding on target cells. A preferred support region is the Fe region of an IgG (such
as JgG4). Examples of suitable transmembrane domains include the

transmembrane domains of the leukocyte CD markers, preferably that of CDS.
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Examples of intracellular receptor signaling domains are those of the T cell antigen
receptor complex, preferably the zeta chain of CD3 also Fey RIII costimulatory
signaling domains, CD28, DAP10, CD2, alone or in a series with CD3zeta.

[0031] In the IL-13 zetakine embodiment, the human IL-13 cDNA having the
E13Y amino acid substitution was synthesized by PCR splice overlap extension. A
full length IL-13 zetakine construct was assembled by PCR splice overlap
extension and consists of the human GM-CSF receptor alpha chain leader peptide,
IL-13(E13Y)-Gly-Gly-Gly, human IgG4 Fc, human CD4TM, and human
cytoplasmic zeta chain, This cDNA construct was ligated into the multiple cloning
site of a modified pMG plasmid under the transcriptional control of the human
Elongation Factor-lalpha promoter (Invivogen, San Diego). This expression
vector co-expresses the HyTK cDNA encoding the fusion protein HyTK that
combines in a single molecule hygromycin phosphotransferase activity for in vitro
selection of transfectants and HSV thymidine kinase activity for i vivo ablation of
cells with ganciclovir from the CMV immediate/early promoter. Western blot of
whole cell Jurkat Iysates pre-incubated with tunicamycin, an inhibitor of
glycosylation, with an anti-zeta antibody probe demonstrated that the expected
intact 56-kDa chimeric receptor protein is expressed. This receptor is heavily
glycosylated consistent with post-translational modification of the native IL-13

108

cytokine'™. Flow cytometric analysis of I1.-13 zetakine+ Jurkat cells with anti-
human IL-13 and anti-human Fc specific antibodies confirmed the cell-surface
expression of the IL-13 zetakine as a type I transmembrane protein.

[0032]  Using established human T cell genetic modification methods developed
at City of Hope'"’, primary human T cell clones expressing the IL-13 zetakine
chimeric immunoreceptor have been generated for pre-clinical functional
characterization. IL-13 zetakine+ CD8+ CTL clones display robust proliferative
activity in ex vivo expansion cultures. Expanded clones display re-directed
cytolytic activity in 4-hr chromium release assays against human IL-13Re2+
glioblastoma cell lines. The level of cytolytic activity correlates with levels of
zetakine expression on T cells and IL-13Re2 receptor density on glioma target

cells. In addition to killing, IL-13 zetakine+ clones are activated for cytokine
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secretion (IFN-y, TNF-0,, GM-CSF). Activation was specifically mediated by the
interaction of the IL-13 zetakine with the [L-13Re2 receptor on glioma cells since
CTL clones expressing an irrelevant chimeric immunoreceptor do not respond to
glioma cells, and, since activation can be inhibited in a dose-dependent manner by
the addition to culture of soluble IL-13 or blocking antibodies againstIT-13 on T
cell transfectants and IL-13Re2 on glioma target cells. Lastly, I1.-13 zetakine-
expressing CD8+ CTL clones proliferate when stimulated by glioma celis in
culture. IL-13 zetakine+ CTL clones having potent anti-glioma effector activity
will have significant clinical activity against malignant gliomas with limited
collateral damage to normal CNS.
[0033]  An immunoreceptor according to the present invention can be produced
by any means known in the art, though preferably it is produced using recombinant
DNA techniques. A nucleic acid sequence encoding the several regions of the
chimeric receptor can prepared and assembled into a complete coding sequence by
standard techniques of molecular cloning (genomic library screening, PCR, primer-
assisted ligation, site-directed mutagenesis, etc.) . The resulting coding region is
preferably inserted into an expression vector and used to transform a suitable
expression host cell line, preferably a T lymphocyte cell line, and most preferably
an autologous T lymphocyte cell line. A third party derived T cell line/clone, a
transformed humor or xerogenic immunologic effector cell line, for expression of
the immunoreceptor. NK cells, macrophages, neutrophils, LAK cells, LIK cells,
and stem cells that differentiate into these cells, can also be used. Ina preferred
embodiment, lymphocytes are obtained from a patient by leukopharesis, and the
autologous T cells are transduced to express the zetakine and administered back to
the patient by any clinically acceptable means, to achieve anti-cancer therapy.
[0034]  Suitable doses for a therapeutic effect would be between about 10° and
about 10° cells per dose, preferably in a series of dosing cycles. A preferred dosing
regimen consists of four one-week dosing cycles of escalating doses, starting at
about 107 cells on Day 0, increasing incrementally up to 2 target dose of about 10%

cells by Day 5. Suitable modes of administration include intravenous,
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subcutaneous, intracavitary (for example by reservoir-access device),
intraperitoneal, and direct injection into a tumor mass.
[0035]  The following examples are solely for the purpose of illustrating one

embodiment of the invention.

EXAMPLE 1: Construction 6f an immunoreceptor coding sequence

[0036] The coding sequence for an immunoreceptor according to the present
invention was constructed by de novo synthesis of the IL13(E13Y) coding
sequence using the following primers (see Fig. 8 for a flow chart showing the
construction of the immunoreceptor coding sequence and expression vector):
IL13P1:

EcoRI
TATGAATTCATGGCGCTTTTGTTGACCACGGTCATTGCTCTCACTTGCC
TTGGCGGCTTTGCCTCCCCAGGCCCTGTGCCTCCCTCTACAGCCCTCAG
GTAC [SEQIDNO. 1]

IL13P2:
GTTGATGCTCCATACCATGCTGCCATTGCAGAGCGGAGCCTTCTIGGTTC
TGGGTGATGTTGACCAGCTCCTCAATGAGGTACCTGAGGGCTGTAGAG
GGAG [SEQ ID NO. 2]

IL13P3:
CTCTGGGTCTTCTCGATGGCACTGCAGCCTGACACGTTGATCAGGGATT
CCAGGGCTGCACAGTACATGCCAGCTGTCAGGTTGATGCTCCATACCAT
GC [SEQID NO. 3]

IL13P4:
CCTCGATTTTGGTGTCTCGGACATGCAAGCTGGAAAACTGCCCAGCTGA
GACCTTGTGCGGGCAGAATCCGCTCAGCATCCTCTGGGTCTTCTCGATG
GC [SEQID NO. 4]

IL13PS5:

BamHI
TCGGATCCTCAGTTGAACCGTCCCTCGCGAAAAAGTTTCTTTAAATGTA
AGAGCAGGTCCTTTACAAACTGGGCCACCTCGATTTTGGTGTCTCGG
[SEQIDNO. 5]

[0037] The final sequence (417bp) was end-digested with EcoRI-BamHI, and
ligated into the plasmid pSK (stratagene, LaJolla, CA) as ligation 312#3. Ligation

312#3 was mutagenized (stratagene kit, per manufacturer's instructions) to fix a
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deleted nucleotide using the primers 5': TL13 312#3 mut5-3
(CAACCTGACAGCTGGCATGTACTGTGCAGCCCTGGAATC [SEQ ID NO.
6]) and 3:IL13 31243 mut3-5
(GATTCCAGGGCTGCACAGTACATGCCAGCTGTCAGGTTG [SEQ ID NO.
71), and ligation 312#3 as a temyplate, to form ligation 348#1 (IL13zetakine/pSK).
[0038] The coding Human GM-CSFR alpha chain Signal Peptide (hsp) coding
sequence was fused to the 5' end of IL13(E13Y) by standard PCR splice overlap
extension. The hsp sequence (101 bp) was obtained from the template ligation
301#10 (hsp/pSK) (human GCSF receptor a-chain leader sequence from human T
cell cDNA), using the primers 5':19hsp5'
(ATCTCTAGAGCCGCCACCATGCTTCTCCTGGTGACAAGCCTTC [SEQ ID
NO. 8]) (Xbal site highlighted in bold), and 3': hsp-IL13FR
(GAGGGAGGCACAGGGCCTGGGATCAGGAGGAATG [SEQ ID NO. 9]).
The IL-13 sequence (371 bp) was obtained using the primers 5': hsp-IL13FF
(CATTCCTCCTGATCCCAGGCCCTGTGCCTCCCTC [SEQ ID NO. 10]) and
3 IL13-IgG4FR (GGGACCATATTTGGACTCGTTGAACCGTCCCTCGC [SEQ
ID NO. 11]), and ligation 31243 as template. Fusion was achieved using the 101
bp hsp sequence and 371 bp IL13 sequence thus obtained, and the primers 5"
19hsp5' and 3': [L13-IgG4FR, to yeild a 438 bp fusion hsp-IL13 sequence.

[0039] A sequence encoding the IgG4 Fc region IgG4m:zeta was fused to the 3'
end of the hsp-IL13 fusion sequence using the same methods. The IgG4m:zeta
sequence (1119 bp) was obtained using the primers 5': IL13-IgG4FF
(GCGAGGGACGGTTCAACGAGTCCAAATATGGTCCC [SEQ ID NO. 12])
and 3': ZetaN3' (ATGCGGCCGCTCAGCGAGGGGGCAGG [SEQ ID NO. 13])
(NofI site highlighted in bold), using the sequence R9.10 (IgG4mZeta/pSK) as
template. The 1119 bp IgG4m:zeta sequence was fused to the hsp-IL13 fusion
sequence using the respective sequences as templates, and the primers 5': 19hsp5'
and 3" ZetaN3', to yeild a 1522 bp hsp-IL13-IgG4m:zeta fusion sequence. The
ends were digested with Xbal-Notl, and ligated into pSK as ligation 35147, to
create the plasmid IL13zetakine/pSK. (4464 bp).
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EXAMPLE 2: Construction of expression vector

[0040]  An expression vector containing the IL13 zetakine coding sequence was
created by digesting the IL13zetakine/pSK of Example 1 with Xbal-Notl, and
creating blunt ends with Klenow, and ligating the resulting fragment into the
plasmid pMG"Pac (Invirogen) (first prepared by opening with SgrAl blunting with
Klenow, and dephosphorylation with SAP), to yield the plasmid
IL13zetakine/pMG. See Fig. 8. The hygromycin resistance region of
IL13zetakine/pMG was removed by digestion with NotI-Nhel, and replaced by the
selection/suicide fusion HyTK, obtained from plasmid CE7R/Hy TK-pMG (Jensen,
City of Hope) by digestion with NotI-Nhel, to create the expression vector
IL13zetakine/Hy TK-pMG (6785 bp). This plasmid comprises the Human
Elongation Factor-1a promoter (WEF1p) at bases 6-549, the I1.13zetakine coding
sequence at bases 692-2185, the Simian Virus 40 Late polyadenylation signal (Late
SV40pAN) at bases 2232-2500, a minimal E. coli origin of replication (O1i ColE1)
at bases 2501-3247, a synthetic poly A and Pause site (SpAN) at bases 3248-3434,
the Immeate-early CMV enhancer/promoter (h CMV-1Aprom) at bases 3455-4077,
the Hygromyecin resistance-Thymidine kinase coding region fusion (HyTK) at bases
4259-6334, and the bovine growth hormone polyadenylation signal and a
transcription pause (BGh pAn) at bases 6335-6633. The plasmid has a Pacl
linearization site at bases 3235-3242. The hEF1p and IL13zetakine elements
derived frém IL13zetakine/pMG, and the remaining elements derived from
CE7R/HyTk-pMG (and with the exception of the HyTK element, ultimately from
the parent plasmid pMG”Pac). In sum, IT.13zetakine/Hy TK-pMG is a modified
PMG backbone, expressing the IL13zetakine gene from the hEF1 promoter, and the
HyTK fusion from the h CMV-1A promoter. A map of the plasmid
IL13zetakine/Hy TK-pMG appears in Fig. 9.

EXAMPLE 3: Expression of the immunoreceptor
[0041] Assessment of the integrity of the expressed construct was first delineated
by Wester blot probed with an anit-zeta antibody of whole cell lysates derived from

Jurkat T cell stable transfectants'®” cocultured in the presence or absence of
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tunicamycin, an inhibitor of glycosylation. Fig. 1. Jurkat T cell stable transfectants
(Jurkat-IL13-pMG bulk line) were obtained by electroporating Jurkat T cells with
the IL13zetakine/Hy TK-pMG expression vector, followed by selection and
expansion of positive transfectants. 2x10° cells from the Jurkat-IL13-pMG bulk
line wereé plated per well in a 24-well plate with or without 5 pg/ml, 10 pg/ml, or
20 pg/ml Tunicamycin. The plate was incubated at 37°C for 22 hrs. Cells were
barvested from each well, and each sample was washed with PBS and resuspended
in 50 pl RIPA buffer (PBS, 1% NP40, 0.5% sodium deoxycholate, 0.1% SDS)
containing 1 tablet/10ml Complete Protease Inhibitor Cocktail (Bochringer
Mannheim, Indianapolis, IN). Samples were incubated on ice for 30 minutes then
disrupted by aspiration with syringe with 21 gauge needle then incubated on ice for
an additional 30 minutes before being centrifuged at 4°C for 20 minutes at 14,000
rpm. Samples of centrifuged lysate supernatant were harvested and boiled in an
equal volume of sample buffer under reducing conditions, then subjected to SDS-
PAGE electrophoresis on a 12% acrylamide gel. Following transfer to
nitrocellulose, membrane was allowed to dry O/N at 4°C. Next morning,
membrane was blocked in a Blotto solution containing 0.04 gm/ml non-fat dried
milk in T-TBS (0.02% Tween 20 in Tris buffered saline pH 8.0) for 1 hour.
Membrane was then incubated with ptimary mouse anti-human CD3¢ monoclonal
antibody (Pharmingen, San Diego, CA) at a concentration of 1 pg/ml for 2 hours,
washed, and then incubated with a 1:3000 dilution (in Blotto solution) of goat anti-
mouse IgG alkaline phosphatase conjugated secondary antibody (Bio-Rad
ImmunoStar Kit, Hercules, CA) for 1 hour. Prior to developing, membrane was
washed 4 additional times in. T-TBS, and then incubated with 3 ml of phosphatase
substrate solution (Biorad ImmunoStar Kit, Hercules, CA) for 5 minutes at room
temperature. Membrane was then covered with plastic, and exposed to x-ray film.
Consistant with the known glycosylation pattern of wild-type human IL-13, the
electrophoretic mobility of expressed IL-13(E13Y) zetakine is demonstrative of a
heavily glycosylated protein which, when expressed in the presence of

tunicamyein, is reduced to an amino acid backbone of approximately 54 kDa.
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[0042] The IL-13(E13Y) zetakine traffics to the cell surface as a homodimeric
type I transmembrane protein, as evidenced by flow cytometric analysis of
transfectants with a phycoerythrin (PE)-conjugated anti human-IL13 monoclonal
antibody and a fluorescein isothiocyanate (FITC)-conjugated mouse anti-human Fc
(gamma) fragment-specific F(ab'), antibody. Fig. 2. Jurkat IL13zetakine-pMG
transfectants were stained with anti-human Fc(FITC) antibody (Jackson
ImmunoResearch, West Grove, PA), recombinant human IL13R«2/human IgG1
chimera (R&D Systems, Minneapolis, MN) followed by FITC-conjugated anti
human-IgG1 monoclonal antibody (Sigma, St. Louis, MO), and an anti-IL13(PE)
antibody (Becton Dickinson, San Jose, CA) for analysis of cell surface chimeric
receptor expression. Healthy donor primary cells were also stained with FITC-
conjugated anti-CD4, anti-CD8, anti-TCR, and isotype control monoclonal
antibodies (Becton Dickinson, San Jose, CA) to assess cell surface phenotype. For
each stain, 10° cells were washed and resuspended in 1001 of PBS containing 2%
FCS, 0.2 mg/ml NaN;, and 5 pl of stock antibody. Following a 30 minute
incubation at 4°C, cells were washed twice and either stained with a secondary
antibody, or resuspended in PBS containing 1% paraformaldehyde and analyzed on
a FACSCaliber cytometer.

EXAMPLE 4: Binding of IL13(E13Y) zetakine to IL13Ra2 receptor

[0043] IL-13(E13Y), tethered to the cell membrane by human IgG4 Fc (i.e.,
IL13(E13Y) zetakine), is capable of binding to its target IL13Ra2 receptor as
assessed by flow cytometric analysis using soluble IL.13Ra2-Fc fusion protein.
Fig. 3. Cloned human PBMC IL13zetakine-pMG transfectants were obtained by
electroporating PBMC with the IL13zetakine/Hy TK-pMG expression vector,
followed by selection and expansion of positive transfectants'?’. IL13zetakine*
CTL clonal cells were stained with a fluorescein isothiocyanate (FITC)-conjugated
mouse anti-human Fc (gamma) fragment-specific F(ab'), (Jackson
ImmunoResearch, West Grove, PA), recombinant human IL13Ra«2/human IgG1
chimera (R&D Systems, Minneapolis, MN) followed by FITC-conjugated anti
human-IgG1 monoclonal antibody (Sigma, St. Louis, MO), and a phycoerythrin
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(PE)-conjugated anti human-IL13 monoclonal antibody (Becton Dickinson, San
Jose, CA) for analysis of cell surface chimeric receptor expression. Healthy donor
primary cells were also stained with FITC-conjugated anti-CD4, anti-CDS$, anti-
TCR, and isotype control monoclonal antibodies (Becton Dickinson, San Jose, CA)
to assess cell surface phenotype. For each stain, 10° cells were washed and
resuspended in 100ul of PBS containing 2% FCS, 0.2 mg/ml NaN;, and 5 pl of
antibody. Following a 30 minute incubation at 4°C, cells were washed twice and
either stained with a secondary antibody, or resuspended in PBS containing 1%
paraformaldehyde and analyzed on a FACSCaliber cytometer.

[0044] Next, the immunobiology of the IL-13(E13Y) zetakine as a surrogate
antigen receptor for primary human T cells was evaluated. Primary human T cells
were electroporated with the plasmid expression vector. Positive transformants
were selected with hygromycin, cloned in limiting dilution, then expanded by
recursive stimulation cyles with OKT3, IL-2 and irradiated feeder cells. Clones
demonstrating IL 13zetakine expression by Western blot and FACS were then
subjected to functional evaluation in 4-hr chromium release assays against a variety
of IL-13a2"/CD20" glioma cell lines (U251, SN-B19, U138), and the IL-13a"
/CD20* B cell lyphocyte line Daudi). These tests showed that T1.13zetakine
conferred cytolytic activity that was specific for glioma cells (Fig. 4a), and that this
specific cytolytic activity is present for glioma cells as a class (Fig. 4b). The
cytolytic activity of MJ-IL13-pMG clones was assayed by employing *'Cr-labeled
SN-B19, U251, and U138 glioma cell lines (IL1362+/CD20-) and Daudi
(CD20+/IL13¢:2-) as targets. MJ-IL13 effectors were assayed 8-12 days following
stimulation. Effectors were harvested, washed, and resuspeded in assay media:
2.5x10°, 1.25x10°, 2.5x10%, and 5x10° effectors were cultured in triplicate at 37°C
for 4 hours with 5x10° target cells in 96-well V-bottom microtiter plates. After
incubation, 100yl aliquots of cell-free supernatant were harvested and *'Cr in the
supernatants was assayed with a y-counter. Percent specific cytolysis was

calculated as follows:

(Experimental *'Cr release) - (control 'Cr release) 00

( Maximum *'Cr release) - (control *!Cr release)
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Control wells contained target cells incubated in the presence of target cells alone.
Maximurn *'Cr release was determined by measuring the *!Cr released by labeled
target cells in the presence 0f 2% SDS. Bulk lines of stabley transfected buman T
cells consisting of approximately 40% IL-13(E13Y) zetakine® TCR«/B*
lymphocytes displayed re-directed cytolysis specific for 13Ra2" glioma targets in
4-hr chromiurn release assays (>50% specific lysis at E:T ratios of 25:1), with
negligable acitivity against IL-13Re:2" targets (<8% specific lysis at E:T ratios of
25:1). IL-13(E13Y) zetakine"CD8*TCRo/f* CTL clones selected on the basis of
high-level binding to anti-IL-13 antibody also display redirected IL13Ra2-specific
glioma cell killing. Fig. 4b.

[0045] IL.-13 zetakine-expressing CD8" CTL clones are activated and proliferate
when stimulated by glioma cells in culture, Figs. 5-7. MJ-IL13-pMG Cl. F2
responder cells expressing the IL13 zetakine were evaluated for receptor-mediated
triggering of IFNy, GM-CSF, and TNFa production in vitro. 2x10° responder cells
were co-cultured in 24-well tissue culture plates with 2x10° irradiated stimulator
cells (Daudi, Fibroblasts, Neuroblastoma 10HTB, and glicblastoma U251) in 2 ml
total. Blocking rat anti-human-I1.13 monoclonal antibody (Pharmingen, San
Diego, CA), recombinant human IL13 (R&D Systems, Minneapolis, MN), and
IL13Re2-specific goat IgG (R&D Systems, Minneapolis, MN) were added to
aliquots of U251 stimulator cells (2x10°/ml) at concentrations of 1 ng/ml, 10
ng/ml, 100 ng/ml, and 1 pg/ml, 30 minutes prior to the addition of responder cells.
Plates were incubated for 72 hours at 37° C, after which time culture supernatants
were harvested, aliguoted, and stored at -70°C. ELISA assays for IFNy, GM-CSF,
and TNF o were carried out using the R&D Systems (Minneapolis, MN) kit per
manufacturer’s instructions. Samples were tested in duplicate wells undiluted or
diluted at 1:5 or 1:10. The developed ELISA plate was evaluated on a microplate
reader and cytokine concentrations determined by extrapolation from a standard
curve. Results are reported as picograms/ml, and show strong activation for
cytokine production by glioma stimulator cells. Fig. 5, Fig. 6.

[0046] Lastly, IL-2 independent proliferation of IL.13zetakine™ CD8" CTL was

observed upon co-cultivation with glioma stimulators (Fig. 7a), but not with IL.13
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Ro2 stimulators. Proliferation was inhibited by the addition of thil-13 antibody
(Fig. 7b), showing that the observed proliferation was dependant on binding of

zetakine to the IL-13Ra2 glioma cell-sepcific receptor.

EXAMPLE 5: Preparation of IL-13 zetakine™ T cells suitable for therapeutic use
[0047] The mononuclear cells are separated from heparinized whole blood by
centrifugation over clinical grade Ficoll (Pharmacia, Uppsula, Sweden). PBMC
are washed twice in sterile phosphate buffered saline (Irvine Scientific) and
suspended in culture media consisting of RPMI 1640 HEPES, 10% heat inactivated
FCS, and 4 mM L-glutamine. T cells present in patient PBMC are polyclonally
activated by addition to culture of Orthoclone OKT3 (30ng/ml). Cell cultures are
then incubated in vented T75 tissue culture flasks in the study subject’s designated
incubator. Twenty-four hours after initiation of culture thiL-2 is added at 25 U/ml.
[0048] Three days after the initiation of culture PBMC are harvested, centrifuged,
and resuspended in hypotonic electroporation buffer (Eppendorf) at 20x10¢
cells/ml. 25 pg of the plasmid IL13zetakine/Hy TK-pMG of Example 3, together
with 400 pl of cell suspension, are added to a sterile 0.2 cm electroporation cuvette.
Each cuvette is subjected to a single electrical pulse of 250V/40us and again
incubated for ten minutes at RT. Surviving cells are harvested from cuvettes,
pooled, and resuspended in culture media containing 25 U/ml rhIL-2. Flasks are
placed in the patient’s designated tissue culture incubator. Three days following
electroporation hygromyecin is added to cells at a final concentration of 0.2 mg/ml.
Electroporated PBMC are cultured for a total of 14 days with media and IL-2
supplementation every 48-hours.

[0049] The cloning of hygromycin-resistant CD8+ CTL from electroporated
OKT3-activated patient PBMC is initiated on day 14 of culture. Briefly, viable
patient PBMC are added to a mixture of 100x10° cyropreserved irradiated feeder
PBMC and 20x10° irradiated TM-L.CL in a volume of 200ml of culture media
containing 30 ng/ml OKT3 and 50 U/ml rhIL-2. This mastermix is plated into ten
96-well cloning plates with each well receiving 0.2 ml. Plates are wrapped in

aluminum foil to decrease evaporative loss and placed in the patient’s designated
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tissue culture incubator. On day 19 of culture each well receives hygromycin for a
final concentration of 0.2 mg/ml. Wells are inspected for cellular outgrowth by
visualization on an inverted microscope at Day 30 and positive wells are marked
for restimulation.

[0050] The contents of each cloning well with cell growth are individually
transferred to T25 flasks containing 50x10° irradiated PBMC, 10x10° irradiated
LCL, and 30ng/mlOKT?3 in 25mls of tissue culture media. On days 1,3,5,7,9,11,
and 13 after restimulation flasks receive 50U/ml rhIL-2 and 15mls of fresh media.
On day 5 of the stimulation cycle flasks are also supplemented with hygromycin
0.2 mg/ml. Fourteen days after seeding cells are harvested, counted, and
restimulated in T75 flasks containing 150 x 10° irradiated PBMC, 30 x 10°
irradiated TM-LCL and 30 ng/ml OKT3 in 50 mls of tissue culture media. Flasks
receive additions to culture of thIL-2 and hygromycin as outlined above.

[0051]  CTL selected for expansion for possible use in therapy are analyzed by
immunofluorescence on a FACSCalibur housed in CRB-3006 using FITC-
conjugated monoclonal antibodies WT/31 (aBTCR), Leu 2a (CDS), and OKT4
(CD4) to confirm the requisite phenotype of clones (@pTCR+, CD4-, CD8+, and
IL13+). Criteria for selection of clones for clinical use include uniform TCR af+,
CD4-, CD8+ and IL13+ as compared to isotype c(;ntrol FITC/PE-conjugated
antibody. A single site of plasmid vector chromosomal integration is confirmed by
Southern blot analysis. DNA from genetically modified T cell clones will be
screened with a DNA probe specific for the plasmid vector. Probe DNA specific
for the HyTK in the plasmid vector is synthesized by random priming with
florescein-conjugated dUTP per the manufacture’s instructions (Amersham,
Arlington Hts, IL). T cell genomic DNA is isolated per standard technique. Ten
micrograms of genomic DNA from T cell clones is digested overnight at 37°C then
electrophoretically separated on a 0.85% agarose gel. DNA is then transfetred to
nylon filters (BioRad, Hercules, CA) using an alkaline capillary transfer method.
Filters are hybridized overnight with probe in 0.5 M Na,PO,, pH 7.2, 7% SDS,
containing 10 pg/ml salmon sperm DNA (Sigma) at 65°C. Filters are then washed
four times in 40 mM Na,PO,, pH 7.2, 1% SDS at 65°C and then visualized using a
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chemiluminescence AP-conjugated anti-florescein antibody (Amersham, Arlington
Hits, IL). Criteria for clone selection is a single band unique vector band.

[0052] Expression of the IL-13 zetakine is determined by Western blot procedure
in which chimeric receptor protein is detected with an anti-zeta antibody. Whole
cell lysates of transfected T cell clones are generated by lysis of 2 x 107 washed
cells in 1 ml of RIPA buffer (PBS, 1% NP40, 0.5% sodium deoxycholate, 0.1%
SDS) containing 1 tablet/10ml Complete Protease Inhibitor Cocktail (Boehringer
Mannheim). After an eighty minute incubation on ice, aliquots of centrifuged
whole cell lysate supernatant are harvested and boiled in an equal volume of
loading buffer under reducing conditions then subjected to SDS-PAGE
electrophoresis on a precast 12% acrylamide gel (BioRad). Following transfer to
nitrocellulose, membranes are blocked in blotto solution containing .07 gm/ml non-
fat dried milk for 2 hours. Membranes are washed in T-TBS (.05% Tween 20 in
Tris buffered saline pH 8.0) then incubated with primary mouse anti-human CD3{
monoclonal antibody 8D3 (Pharmingen, San Diego, CA) at a concentration of 1
pg/ml for 2 hours. Following an additional four washes in T-TBS, membranes are
incubated with a 1:500 dilution of goat anti-mouse IgG alkaline phosphatase-
conjugated secondary antibody for 1 hour. Prior to developing, membranes are
rinsed in T-TBS then developed with 30 ml of “AKP” solution (Promega,
Madison, WI) per the manufacturer’s instructions. Criteria for clone selection is
the presence of a chimeric zeta band.

[0053] CD8+ cytotoxic T cell clones expressing the IL-13 zetakine chimeric
immunoreceptor recognize and lyse human glioblastoma target cells following
interaction of the chimeric receptor with the cell surface target epitope in a HLA-
unrestricted fashion. The requirements for target IL-13Re2 epitope expression and
class I MHC independent recognition will be confirmed by assaying each aBTCR+,
CD8+, CD4-, IL-13 zetakine+ CTL clones against IL-13Re2+ Daudi cell
transfectants and IL-13Ra2- Daudi cells. T cell effectors are assayed 12-14 days
following stimulation with OKT3. Effectors are harvested, washed, and
resuspended in assay media; and Daudi cell transfectants expressing IL-13Ra2.

2.5x10°, 1.25x10°, 0.25x10%, and 0.05x10° effectors are plated in triplicate at 37°C
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for 4 hours with 5x10° target cells in V-bottom microtiter plates (Costar,
Cambridge, MA). After centrifugation and incubation, 100 pL aliquots of cell-free
supernatant is harvested and counted. Percent specific eytolysis is calculated as
follows:

(Experimental *'Cr release) - (control *'Cr release) ,q
(Maximum *'Cr release) - (control !Cr release)

Control wells contain target cells incubated in assay media. Maxinmum *'Cr release
is determined by measuring the 5'Cr content of target cells lysed with 2% SDS.
Criteria for clone selection is >25% specific lysis of 1L-13Ra2+ Daudi
transfectants at an E:T ratio of 5:1 and a <10% lysis of parental Daudi at the same
E:T ratio.

EXAMPLE 6: Treatment of human glioma using IL-13 zetakine-expressing T
cells.
[0054] T cell clones genetically modified according to Example 5 to express the
TL-13R zetakine chimeric immunoreceptor and HyTK are selected for:
a. TCRo/p*, CD4, CD8", IL-13" cell surface phenotype as determined
by flow cytometry.
b. Presence of a single copy of chromosomally integrated plasmid
vector DNA as evidenced by Southern blot.
c. Expression of the IL-13 zetakine protein as detected by Western
blot.
d. Specific Iysis of human I1.-13Ra2" targets in 4-hr chromium release

assays.

e. Dependence on exogenous IL-2 for in vitro growth.

f Mycoplasma, fungal, bacterial sterility and endotoxin levels <5
EU/ml.

2. In vitro sensitivity of clones to ganciclovir.

[0055] Peripheral blood mononuclear cells are obtained from the patient by
leukapheresis, preferably following recovery from initial resection surgery and at a

time at least three weeks from tapering off steroids and/or their most recent
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systemic chemothérapy. The target leukapheresis mononuclear cell yield is 5x10°
and the target number of hygromycin-resistant cytolytic T cell clones is 25 with the
expectation that at least five clones will be identified that meet all quality control
parameters for ex-vivo expansion. Clones are cryopreserved and patients monitored
by serial radiographic and clinical examinations. When recurrence of progression
of disease is documented, patients undergo a re-resection and/or placement of a
reservoir-access device (Omaya reservoir) for delivering T cells to the tumor
resection cavity. Following recovery from surgery and tapering of steroids, if
applicable, the patient commences with T cell therapy.

[0056] The patient receives a target of at least four one-week cycles of therapy.
During the first cycle, cell dose escalation proceeds from an initial dose on Day 0
of 107 cells, followed by 5x107 cells on Day 3 to the target dose of 10° cells on Day
5. Cycle 2 commences as early as one week from commencement of cycle 1. Those
patients demonstrating tumor regression with residual disease on MRI may have
additional courses of therapy beginning no earlier than Week 7 consisting of
repetition of Cycles 3 and 4 followed by one week of rest/restaging provided these
treatments are well tolerated (max. toxicities <grade 3) until such time that disease
progression or a CR is achieved based on radiographic evaluation.

[0057]  Cell doses are at least a log less than doses given in studies employing
intracavitary LAX cells (individual cell doses of up to 10° and cumulative cell
numbers as high as 2.75x10' have been safety administered), ex vivo expanded
TILs (up to 10° cells/dose reported with minimal toxicity) and allo-reactive
Iymphocyte (starting cell dose 10® with cumulative cell doses up to 51.5x10%)

delivered to a similar patient population™**

. The rationale for the lower cell doses
as proposed in this protocol is based on the increased in vitro reactivity/anti-tumor
potency of 1113 zetakine+ CTL clones compared to the modest reactivity profile
of previously utilized effector cell populations. Low-dose repetitive dosing is
favored to avoid potentially dangerous inflammatory responses that might occur
with single large cell number instillations. Each infusion will consist of a single T
cell clone. The same clone will be administered throughout a patient’s treatment

course. On the days of T cell administration, expanded clones are aseptically
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processed by washing twice in 50cc of PBS then resuspended in pharmaceutical
preservative-free normal saline in a volume that results in the cell dose for patient
delivery in 2mls. T cells are instilled over 5-10 minutes. A 2ml PFNS flush will
be administered over 5 minutes following T cells. Response to therapy is assessed
by brain MRI +/- gandolinium, with spectroscopy.

[0058] Expected side-effects of administration of T cells into glioma resection
cavities typically consist of self-limited nausea and vomiting, fever, and transient
worsening of existing neurological deficits. These toxicities can be atiributed to
both the local inflammation/edema in the tumor bed mediated by T cells in
combination with the action of secreted cytokines. These side-effects typically are
transient and less than grade II in severity. Should patients experience more severe
toxicities it is expected that decadron alone or in combination with ganciclovir will
attenuate the inflammatory process and ablate the infused cells. The inadvertent
infusion of a cell product that is contaminated with bacteria or fungus has the
potential of mediating serious or life-threatening toxicities. Extensive pre-infusion
culturing of the cell product is conducted to identify contaminated tissue culture
flasks and minimize this possibility. On the day of re-infusion, gram stains of
culture fluids, as well as, endotoxin levels are performed.

[0059] Extensive molecular analysis for expression of IL-13Ra2 has
demonstrated that this molecule is tumor-specific in the context of the CNS*: 46 4
*. Furthermore, the only human tissue with demonstrable IL-13Ro2 expression
appears to be the testis*. This tumor-testis restrictive pattern of expression is
reminiscent of the growing number of tumor antigens (i.e. MAGE, BAGE, GAGE)
expressed by a variety of human cancers, most notably melanoma and renal cell

carcinoma'®1",

Clinical experience with vaccine and adoptive T cell therapy has
demonstrated that this class of antigens can be exploited for systemic tumor
immunotherapy without concurrent autoimmune attack of the testis''> ",
Presumably this selectively reflects the effect of an intact blood-testis barrier and
an immunologically privileged environment within the testis. Despite the exquisite
specificity of the mutant IL-13 targeting moiety, toxicities are theoretically possible

if cells egress into the systemic circulation in sufficient numbers and recognize
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tissues expressing the IL-13Ra1/IL-4p receptor. In light of this remote risk, as well
as the possibility that instilled T cells in some patients may mediate an overly

exuberant inflammatory response in the tumor bed, clones are equipped with the

HyTK gene which renders T cells susceptible to ir vivo ablation with ganciclovir'™™

18, Ganciclovir-suicide, in combination with an intra-patient T cell dose escalation
strategy, helps minimize the potential risk to research participants.

[0060] Side effects associated with therapy (headache, fever, chills, nausea, etc.)
are managed using established treatments appropriate for the condition. The
patient receives ganciclovir if any new grade 3 or any grade 4 treatment-related
toxicity is observed that, in the opinion of the treating physician, puts that patient at
significant medical danger. Parentally administered ganciclovir is dosed at 10
mg/kg/day divided every 12 hours. A 14-day course will be prescribed but may be
extended should symptomatic resolution not be achieved in that time interval.
Treatment with ganciclovir leads to the ablation of IT.-13 zetakine* HyTK* CD§*
CTL clones. Patients should be hospitalized for the first 72 hours of ganciclovir
therapy for monitoring purposes. If symptoms do not respond to ganciclovir within
48 hours additional immunosuppressive agents including but not limited to
corticosteroids and cyclosporin may be added at the discretion of the treating
physician. If toxicities are severe, decadron and/or other immunosuppressive drugs

along with ganciclovir are used earlier at the discretion of the treating physician.
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I claim:

1.

A chimeric immunoreceptor comprising the following linked elements,
arranged in the stated order:

a) an extracellular domain comprising a soluble receptor ligand,

b) a support region capable of tethering the extracellular domain to a cell
surface,

¢) atransmembrane region, and

d) an intracellular signalling domain.

The chimeric immunoreceptor of claim 1, wherein the extraceltular domain
comprises a soluble ligand selected from the group consisting of autocrine
growth factors, paracrine growth factors, chemokines, cytokines, hormones,

and engineered artificial small molecule ligands.

The chimeric immunoreceptor of claim 1, wherein the support region is
selected from the group consisting of the constant regions of

immunoglobins, CD8, and artificial linkers.

The chimeric immunoreceptor of claim 1, wherein the transmembrane

region is a transmembrane domain of a leukocyte CD marker.

The chimeric immunoreceptor of claim 1, wherein the intracellular
signalling domain is selected from the group consisting of the intracellular
receptor signalling domain of the T cell antigen complex, Fey RIII

costimulatory domains, CD28, DAP10 and CD2.

The chimeric immunoreceptor of claim 1, comprising the following linked
elements, in the stated order:

a) ILI3(E13Y),

b) anIgG4 constant region,

¢) aCD4 transmembrane domain, and
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d) an intracellular T cell antigen receptor CD3 complex zeta chain.

The chimeric immunoreceptor of claim 1, wherein the immunoreceptor is
expressed by a T lymphocyte cell line transformed with a DNA sequence

encoding the immunoreceptor.

A method for treating human cancer, comprising administering to a human
suffering from cancer a plurality of cells expressing an immunoreceptor of
any of claims 1-7, wherein the soluble receptor ligand of the

immunoreceptor is specific for a cancer-specific cell surface receptor.

The method of claim 8, wherein the the cancer-specific cell surface receptor

is a cytokine receptor.

The method of claim 9, wherein the soluble receptor ligand is IL-13(E13Y).
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SEQUENCE LISTING

<110> City of Hope

Jensen, Michael
<120> Chimeric Immunorsceptor Useful in Treating Human Cancers
<130> 1954-364

<150> US 60/286,981
<151> 2001-04-30

<160> 13

<170> PatentIn version 3.1

<210> 1
<211> 102
<212> DNA

<213> Human

<400> 1
tatgaattca tggegctttt gttgaccacg gkcattgete tcacttgect tggeggettt

gcctcccemag gooctgtgee tcectctaca geecteaggt ac

<210> 2
<211> 101
<212> DNA

<213> Human

<400> 2
gttgatgetc cataccatge tgecattgea gageggagec ttetggttet gggtgatgtt

gaccagctece tcaatgaggt acctgaggge tghtagaggga g
<210> 3

<211> 100

<212> DNA

<213> Human

<400> 3
ctctgggtet tctcgatgge actgcagcet gacacgttga tcagggatte cagggetgea

cagtacatgce cagctgtcag gttgatgcte cataccatgce

<210> 4
<211> 100
<212> DNA

<213> Human

<400> 4
cctegatttt ggtgtetegg acatgcaagc tggaaaactg cecagetgag accttgtgeg

ggcagaatce gctcagcate ctctgggtet tctcgatgge

60

60

101

60

100
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&)
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<210> 5
<211> 96
<212> DNA
<213> Human
<400> 5
tcggatecte agttgaaceg tcectcgega aaaagtttct ttasatgtaza gagecaggtce 60
tttacaaact gggecaccte gattttggtg tetegg 96
<210> &
<211> 39
<212> DNA
<213> Artificial Sequence
<220>
<223> IL13 31243 mut5-3 primer
<400> &
caacctgaca gctggcatgt actgtgeage cctggaatc 39
<210> 7
<211> 39
<212> DNA
«213> Artificial Sequence
<220>
<223> IL13 312#3 mut3-5 primer
<400> 7
.gattccaggg ctgecacagta catgecaget gtcaggttyg 39
<210> 8
<211> 43
<212> DNA
<213> Human
<400> 8
atctctagag ccgecaccat gettetecctg gtgacaagee tte 43
<210> 9
<211> 34
<212> DNA
<213> Human
<400> 9
gagggaggca cagggectgg gatcaggagg aatg 34
<210> 10
<211> 34
<212> DNA
<213> Human
<400> 10

34
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<210> 11
<211> 35
<212> DNA
<213> Human

<400> 11
gggaccatat ttggactegt tgaaccgtec ctege

<210> 12
<211> 35
<212> DNA
<213> Human

<400> 12
gegagggacg gttcaacgag tccaaatatg gtece

<210> 13
<211> 26
<212> DNA
<213> Human

<400> 13
atgcggeege teagegaggg ggeagg

(148)
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35

35

26
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