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TITLE OF THE INVENTION
COMPOSITIONS AND METHODS FOR TREATING CANCER

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to U.S, Provisional Application No.
61/433,731 filed January 18, 2011, which is hereby incorporated herein by reference in its

entirety.

BACKGROUND OF THE INVENTION

Ovarian cancer is responsible for the majority of gynecologic cancer deaths.

In 2004, in the United States, 25,580 new cases were diagnosed and 16,090 women died of
ovarian cancer.

The disease is more common in industrialized nations, with the exception of
Japan. In the United States, females have a 1.4% to 2.5% (1 out of 40-60 women) lifetime
chance of developing ovarian cancer, Older women are at highest risk.

Although intraperitoneal chemotherapy has been recommended as a standard
of care for the first-line treatment of ovarian cancer, the basis for this recommendation has
been challenged. Radiation therapy is not effective for advanced stages because when vital
organs are in the radiation field, a high dose cannot be safely delivered. Surgical therapy is
also not also effective,

Despite the initial successful multimodality therapy with cytoreductive surgery
and subsequent combination chemotherapy, most patients with advanced disease will
ultimately relapse and become incurable. For this reason, novel therapeutic approaches for the
treatment of this malignancy are urgently needed.

Ovarian cancer in particular appears to be suited to adoptive transfer approach
based on the fact that the ovarian tumors are relatively immunogenic, inducing an endogenous
T cell response.

Accordingly, there exists a need for improved therapeutic modalities to

provide anti-tumor immunity, and thereby treat ovarian and other cancers,

SUMMARY OF THE INVENTION
The present invention provides an isolated nucleic acid sequence encoding a

chimeric antigen receptor (CAR), wherein the isolated nucleic acid sequence comprises the
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nucleic acid sequence of a-folate receptor (FRa) binding domain and the nucleic acid
sequence of 4-1BB (CD137) costimulatory domain.

In one embodiment, the nucleic acid sequence further comprises the nucleic
acid sequence of CD3 zeta binding domain.

In one embodiment, the CAR comprises the amino acid sequence of SEQ ID
NO: 13 or SEQ ID NO: 22,

In one embodiment, the isolated nucleic acid sequence encoding the CAR
comprises the nucleic acid sequence of SEQ 1D NO: 1 or SEQ 1D NO: 20,

In one embodiment the FRq binding domain is an antibody or a FRa-binding
fragment thereof, Preferably, the FRo binding domain is a Fab or a scFV,

In one embodiment, the FRa binding domain binds to a tumor antigen,
wherein the tumor antigen is FRa. In one embodiment, the tumor antigen is associated with
an epithelial malignancy. In another embodiment, the tumor antigen is associated with a solid
tumor.

In one embodiment, the FRe binding domain comprises the amino acid
sequence of SEQ ID NO: 15 or SEQ 1D NO: 23,

In one embodiment, the FRa binding domain is encoded by the nucleic acid
sequence of SEQ ID NO: 3 or SEQ ID NO: 21.

In one embodiment, the 4-1BB costimulatory domain comprises the amino
acid sequence of SEQ ID NO: 18.

In one embodiment, the 4-1BB costimulatory domain is encoded by the
nucleic acid sequence of SEQ ID NO: 6.

In one embodiment, the CD3 zeta signaling domain comprises the amino acid
sequence of SEQ ID NO: 19,

In one embodiment, the CD3 zeta signaling domain is encoded by the nucleic
acid sequence of SEQ ID NO: 7.

In one embodiment, the isolated nucleic acid sequence further comprises the
nucleic acid sequence of a transmembrane domain,

The invention also provides an isolated CAR comprising a FRa binding
domain and a 4-1BB costimulatory domain.

The invention also provides a genetically modified T cell comprising an

isolated nucleic acid sequence encoding a CAR, wherein the isolated nucleic acid sequence
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comprises the nucleic acid sequence of a FRa binding domain and the nucleic acid sequence
of a 4-1BB costimulatory domain,

The invention also provides a vector comprising an isolated nucleic acid
sequence encoding a CAR, wherein the isolated nucleic acid sequence comprises the nucleic
acid sequence of a FRo. binding domain and the nucleic acid sequence of a 4-1BB
costimulatory domain,

The invention also provides a method for providing anti-tumor immunity in a
subject. In one embodiment comprises administering to the subject an effective amount of a
genetically modified T cell comprising an isolated nucleic acid sequence encoding a CAR,
wherein the isolated nucleic acid sequence comprises the nucleic acid sequence of a FRa
binding domain and the nucleic acid sequence of a 4-1BB costimulatory domain, thereby
providing anti-tumor immunity in the subject. In one embodiment, the isolated nucleic acid
sequence further comprises the nucleic acid sequence of a CD3 zeta signaling domain.,

In one embodiment, the presence of the costimulatory domain enhances T cell
survival. In another embodiment, the presence of the costimulatory domain increases the
efficacy of anti-tumor immunity in a subject.

In one embodiment, the subject is a mammal. Preferably, the subject is a
human.

The invention also provides a method for stimulating a T cell-mediated
immune response to a cell population or tissue in a subject. In one embodiment, the method
comprises administering to the subject an effective amount of a genetically modified T cell
comprising an isolated nucleic acid sequence encoding a CAR, wherein the isolated nucleic
acid sequence comprises the nucleic acid sequence of a FRa binding domain and the nucleic
acid sequence of a 4-1BB costimulatory domain, thereby stimulating a T cell-mediated
immune response in a subject,

The invention also provides a method for treating ovarian cancer in a subject,
In one embodiment, the method comprises administering to the subject an effective amount of
a genetically modified T cell comprising an isolated nucleic acid sequence encoding a CAR,
wherein the isolated nucleic acid sequence comprises the nucleic acid sequence of a FRo,
binding domain and the nucleic acid sequence of a 4-1BB costimulatory domain, thereby
treating the ovarian cancer in the subject,

The invention also provides a method for treating cancer in a subject. In one

embodiment, the method comprises administering to the subject an effective amount of a
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genetically modified T cell comprising an isolated nucleic acid sequence encoding a CAR,
wherein the isolated nucleic acid sequence comprises the nucleic acid sequence of a FRa
binding domain and the nucleic acid sequence of a 4-1BB costimulatory domain, thereby
treating cancer in the subject,

The invention also provides a method of generating a persisting population of
genetically engineered T cells in a subject diagnosed with ovarian cancer. In one
embodiment, the method comprises administering to the subject an effective amount of a
genetically modified T cell comprising an isolated nucleic acid sequence encoding a CAR,
wherein the isolated nucleic acid sequence comprises the nucleic acid sequence of a FRa
binding domain and the nucleic acid sequence of a 4-1BB costimufatory domain, wherein the
persisting population of genetically engineered T cells persists in the subject for at least one
month after administration. In one embodiment, the persisting population of genetically

engineered T cells persists for at least three months after administration.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of preferred embodiments of the invention
will be better understood when read in conjunction with the appended drawings. For the
purpose of illustrating the invention, there are shown in the drawings embodiments which are
presently preferred. 1t should be understood, however, that the invention is not limited to the
precise arrangements and instrumentalities of the embodiments shown in the drawings.

Figure 1 is an image showing the construction and lentiviral gene transfer of
FR CARs to human T cells.

Figure 2 is an image demonstrating that CAR+ T cells preferentially secreted
Th1 cytokines.

Figure 3 is an image showing direct and specific tumor recognition and killing
of oFR+ human ovarian cancer.

Figure 4 is an iinage showing that incorporation of the 4-1BB signaling
domain can enhance anti-tumor activity in Winn assay.,

Figure 5 is an image showing treatment of large, established human ovarian
cancer using CAR gene therapy: 4-1BB costimulation mediates enhanced T cell survival.

Figure 6 is an image showing a drawing representing chimeric anti-alpha
folate receptor immunoreceptor u-FR 4-1BB:CD3( transgene and vector construct, The

construct was cloned into the pELNS backbone vector (bottom), which contains the
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packaging signal (y), the central polypurine tract/central termination sequence (cppt/CTS)
and the elongation factor I-¢ promoter (ef-1u). The transfer vector is driven off of the 5° LTR
during packaging and the 3* SIN LTR is copied to the 5> end upon reverse transcription,

' Figure 7 is an image showing the plasmid map of PELNS—MOQv19-4-1BB-
CD3zeta.

Figure 8, comprising Figures 8A and 8B, is a series of images showing the
generation and cytolytic activity of anti-oFR lentiviral vector-engineered T cells. Figure 8A
shows a schematic representation of the aFR-binding chimeric receptors. A binding-conirol
chimeric receptor with a truncated TCRE domain and a specificity control receptor with an
anti-CD19 scFv were also constructed. Figure 8B is an image showing expression of the aFR-
CAR proteins was examined on human primary CD4 T cells, Transduction efficiencies are
determined by flow cytometry.

Figure 9 is an image showing that the cell surface expression of FR on AE17,
AE17.FR, SKOV3 was determined by flow cytometry (Top). Cells were incubated with either
the mouse anti-human oFR antibody MOV 18 (light gray histograms) or an isotype control
(dark gray histograms) followed by staining with a FITC-conjugated goat anti-mouse Ig. The
cytolytic activity of the chimeric receptors on primary human T cells targeting cell lines
expressing oFR was determined using a4 h SICr release assay (Middle). FRa+ tumor targets
can directly induce T cell cytokine secretion, Results are expressed as a mean and SD of
triplicate wells from 1 of at least 3 separate experiments (Bottom),

Figure 10 is an image showing efficient aFR-specific killing of AE17.FR
tumor cells in vitro. AE17 and AE17.FR cells transduced with GFP incubated CAR+ T cells
for about 20h at the indicated ratios, after which cells were photographed under fluorescence
microscopy. The CAR transduction efficiency for each group of T cells was ~40%-50%.

Figure 11 is an image showing anti-tumor activity of «FR chimeric receptor
transduced T cells in vivo, NOD/scid/IL2ry™" (NOG) mice were injected s.c, of SKOV3
Tue(l x 10° cells/mouse) mixed with CAR expressing T cells (1x10%ells/mouse) Mixing of
cells was performed immediately before injection to minimize T cell and target interaction, .
The animals were imaged after inoculation every 10 days to evaluate tumor growth, and
photon emission from luciferase-expressing cells was quantified using the “Living Iimage”

software,
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Figure 12, comprising Figures 12A through 12D, is a series of images showing
that oFR retargeted T cells eradicate large pre-established tumors in vivo: effect of
costimulatory signaling domains and route of administration. Figures 12A and 12C
demonstrate that mice subcutaneously injected with 3x10° SKOV3 cells were monitored for
tumor growth until reaching tumor volume of 200~300 mm?, Tumor-bearing mice were
treated with intratumoral injections of 20 x 10° T cells (~40%—50% transgene positive) on
day 40 and 45, Figures 12B and 12D demonstrate that SKOV3-bearing NOG mice were
treated with T lymphocytes expressing the BBz chimeric receptors via IT, 1P, and IV routes
and the effect on tumor growth was assessed.

Figure 13 is an image showing that 4-1BB signals enhance the persistence of
human T lymphocytes in vivo. Peripheral blood was obtained from retro-orbital bleeding on
day 74 and stained for the presence of human CD45, CD4, and CD8 T cells. After gating on
the human CD45+ population, the CD4+and CD8+ subsets were quantified using TruCount
tubes (BD Biosciences). Persistence was greatest in the BBz group independent of route of
injection,

Figure 14, comprising Figures 14A through 14C, is a series of images showing
that oFR CAR BBz eradication of SKOV3 tumor is antigen-specific. Figures 14A and 14B
show SKOV3 bearing mice treated with lymphocytes expressing the BBz CAR (against aFR
or CD19) and GFP on day 40 and 45, Figure 14C show peripheral blood from SKOV3-
bearing NOG mice was obtained 3 weeks after second time T cells injection and quantified
for the presence of CD4 and CD8 T cells by a FACS Trucount assay,

Figure 15, comprising Figures 15A through 15C, is a series of images showing
that «FR CAR BBz specific T cells inhibit tumor growth and ascites formation in SKOV3
murine model of peritoneal carcinomatosis. Figure 15A is an image showing i.p. injection of
SKOV3 tumors in NOG mice resuits in abdominal distension and nodular peritoneal tumors
following CD19 CAR T cells treatment, Mice developed ascites as evidenced by a distended
abdomen (imiddle) when compared with a mouse (left) treated with FR CAR BBz T cells,
postmortem visualization of the peritoneum shows nodular tumor masses (arrows) within
the abdominal cavity(right). Figures 15B and 15C show i.p./i.v.injection of cFR CARBBz T
cells delays tumor progression and ascites formation, and improves survival. Kaplan-Meier

survival curve of NOG mice treated with either CD19 CAR or o R CART cells,
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Figure 16 is an image showing that the adoptive transfer of oFR CAR BBz-
specific T cells induces regression of ovarian cancer lung metastasis. While tumors regressed
in response to injection of aFR-specific T cells, tumors grew progressively in CD19-specific
T celis treated mice,

Figure 17 is an image showing that CD4 T cells isolated from a healthy donor
were transduced at an MOI of 20 with a GFP-expressing HIV derived lentiviral vector, and
cultured for 29 days. The X-axis represents fold-expansion {circles) or percent GFP
expression (triangles). Transduced cells are open symbols and mock transduced cells are
closed symbols.

Figure 18, comprising Figures 18A through Figure 18E, depicts the generation
and specific immune recognition by FRa CAR—transduced human T cells in vifro. Figure 18A
shows schematic representation of MOv19-based CAR constructs containing the C[D3¢
cytosolic domain alone (MOv19-() or in combination with CD137 costimulatory module
(MOv19-BBC). FRo-specific CAR with a truncated CD3¢ domain (MOv19-Af) and anti-—
CD19-BB{ CAR are shown. VL, variable L chain; L, linker; VH, variable H chain; TM,
transmembrane region. Figure 18B depicts MOv19 CAR expression (solid black line) on
human CD3-gated cells after transduction with lentivirus compared with parallel
untransduced T celis (filled gray histograms). Percent transduction is indicated, Figure 18C
depicts surface FRa expression (solid black line) by various human ovarian cancer cell lines
by flow cytometry; isotype antibody control {filled gray histograms). Figure 181} depicts
antigen-specific IFN-y secretion by MOv 19-{ and MOv19-BB{ CAR-transduced T cells but
not MOv19-A anti-CD19-BB{ T cells, following overnight incubation with FRa' cancer cell
lines, Mean IFN-y concentration &= SEM (pg/mL) from triplicate cultures is shown. Figure
18E depicts antigen-specific killing of FRa" tumor cells by FRa CAR" CD8" T cells in 18-
hour bioluminescence assay at the indicated E/T ratio. Untransduced T cells (UNT) or gfp-
transduced human CD8" T cells served as controls.

Figure 19, comprising Figures 19A through Figure 19D, shows that human
MOv19-BB{ CAR T cells eradicate large pre-established tumors /n vivo, and shows the effect
of CD137 costimulatory signaling domains and route of administration. NSG mice bearing
established s.c. tumor were treated with intratumoral injections of 8 x 105 CAR™ T cells on
days 0 and 5 and imaged every 2 weeks. Figure 19A depicts tumor growth, as assessed by
caliper measurement [V = 1/2(length x width®)], Figure 19B shows that SKOV3 flLuc”

bioluminescence signal was decreased in MOv19-BBZ CAR treated mice compared with the
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MOv19-C and the control treatment groups 2 weeks and 4 weeks after last T-cell dose.
SKOV3 fLuc-bearing NSG mice were treated with 8 x 10® MOvV19-BBL T cells via i.t., i.p.,
or L.v. routes. Figure 19C depicts tumor growth, as assessed by caliper measurement. Figure
19D shows that CD 137 signaling enhances the survival of human CD4" and CD8" T cells in
vivo on day 73 (4 weeks following last T-cell dose) in the peripheral blood. CD4 and CD8 T
cells were quantitated from blood by using the TruCount method. Mean cell concentration
(cells/uL) + SD for all evaluable mice in each treatment group is shown,

Figure 20, comprising Figures 20A through Figure 20D, shows that tumor
eradication by CAR T cells is antigen-specific, NSG mice with s.c. SKOV3 fLuc" tumor were
treated with 8 x 10° T cells (40% transduction efficiency) expressing MOv19-BB, anti-
CD19-BB, or gfp via i.t. infusion on days 0 and 5. Figure 20A depicts measurements of
tumor volume by calipers every 2 to 3 days. Peripheral blood was collected 3 weeks
following last T-cell infusion, Figure 20B depicts the absolute number of human CD4" and
CD8" T cells/pl of blood. Mean cell count + SD is shown. Figure 20C depicts FRo- and
CD19-specific CAR expression on human CD3" T cells from peripheral blood of treated mice
measured by flow cytometry by using goat anti-mouse IgG F(ab");. Mean CAR" expression
frequency + SD per group is shown. Figure 20D depicts absolute CAR™ T-cell count,
caleulated as number of human CD3™ T cells/pL. of blood multiplied by percent CARY, Mean
count £ SD was determined.

Figure 21 is a series of images demonstrating that CAR T-cell localization to
tumor i vive is antigen-specific. NSG mice with s.c. SKOV3 fLuc" tumors were treated with
i.v. injections of 8 x 10° T cells expressing MOv19-BB( (top), anti~CD19-BB{ (middle), or
gfp (bottom) on days 0 and 5. SKOV3 tumors grown for approximately 40 additional days
were collected from euthanized mice and stained for human CD3 expression (brown).
Representative sections are shown at ®x 100 magaifications.

Figure 22, comprising Figures 22A through Figure 22D, shows that Mov19-
BB T cells inhibit tumor growth and ascites formation in SKOV3 murine model of
peritoneal carcinomatosis, Figure 22A depicts NSG mice which received i.p. injection of 5 x
10° SKOV3 fLuc* tumor cells and were randomized into 4 groups before beginning therapy
with 9 x 10° T cells expressing MOv19-BB{ or anti~CD19-BBE via i.p. or i.v. infusion on
day 30 and 35 after tumor inoculation. Figure 22B depicts representative NSG mice treated
with MOv19-BB{ T cells (left) via i.v. (top) or i.p (bottom) infusion. Mice treated with anti—
CD19-BB{ T cells (right) developed ascites as evidenced by a distended abdomen {middle).
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Postmortem visualization of the peritoneum shows nodular tumor masses (arrows; far right).
Figure 22C depicts Kaplan-Meier tumor-refated survival curve of tumor-bearing NSG mice
treated with either MOv19-BBC or anti-CD19-BB{ T cells via i.v. or i.p. injection. Figure
22D depicts Kaplan-Meier overall survival of tumor-bearing NSG mice.

Figure 23, comprising Figure 23A and Figure 23B, shows that adoptive
transfer of FRa-specific T cells induces regression of ovarian cancer lung metastasis. NSG
mice with 3 day established SKOV3 fLuc’ tumor in the lungs received tail-vein injections of
6 x 10° T cells expressing either MOv19-BB, or anti-CD19-BB{ on day 3 and day 8. Figure
23 A depicts tumors, as monitored by BLI Figure 23B depicts quantified mean + SD
bioluminescence signal photon emission from fLuc’ tumor cells.

Figure 24 shows that primary human T cells transduced with MOv19-BB( or
MOv19-{ preferentially produce Thl cytokines after stimulation with FRo+ cancer cell lines,
Transduced T cells (1 x 10° CAR+ T cells) were cultured alone (none) or stimulated
overnight with an equal number of human FRa+ SKOV3 or antigen negative PEO-1 ovarian
cancer cells, Cell fiee supernatant from three independent cultures was harvested and pooled
after ~20 hours of incubation, and the indicated human Th1/Th2 cytokines were quantified
using cytometric bead array technology, Values represent IFN-y concentration (pg/ml) for the
indicated cytokine.

Figure 25, comprising Figures 25A through Figure 25C, shows that primary
human T cells engineered to express FRa-specific CAR lyse FRa+ cell lines in vitro, Figure
25A depicts that the native mouse malignant mesothelioma cell line AE17 which does not
express human FRa was transduced to express high surface levels of human FRa (AE17.FRa)
as shown by flow cytometry. Primary human T cells transduced to express either MOv19-C,
MOv19-BBE, MOv19-AL, or anti-CD19-BBE CARs, or green fluorescent protein (gfp) were
co-cultured with Cr51-labeled native AEI7 or AE17.FRa cell lines for 4 hrs at the indicated
effector to target ratio, Figure 25B depicts the percent specific target cell lysis, calculated as
(experimental — spontaneous release) + (imaximal - spontaneous release) times 100, Results
are expressed as mean of triplicate wells with etror bars indicating standard deviation,
Human T cells transduced to express MOv19-(, MOv19-BBE, MOv19-A(, or anti-CD19-BB{
CAR were co-cultured at various effector to target ratios for 2dhrs with gfp expressing AE17
or AE17.FRu cells, Figure 25C depicts transduced cells photographed under fluorescent
microscopy. Target cell lysis is indicated by imaging reduction in gfp-labeled adherent tumor

cells.
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Figure 26, comprising Figures 26A through Figure 26D, shows that tumor
regression is associated with the stable persistence of engineered human T cells in vivo and
dependent upon provision of CD137 costimulatory signaling. Figure 26A depicts tumor
burden, as measured by averaged bioluminescent signal, per treatment group 4 weeks
following T cell infusion. Figure 26B depicts the persistence of T lymphocytes in vivo
assessed 4 weeks after transfer of T cells expressing MOv9-BB( delivered via i.v., i.t., or i.p.
routes of administration or i.t. administration of T cells expressing MOv19-C; or control
vectors (MOV 19-Ag or gfp; controls) by Trucount method. Figure 26C shows that four weeks
after T cell therapy, the stable persistence of engineered human T cells (x-axis) is negative
correlated with the bioluminescent signal (y-axis; r= -0.78). Bel-X1, expression by FR-specific
CAR CD8 T cells was examined after 3 days of culture in media alone (not shown) or with
SKOV3. Bel-X expression was preferentially increased in MOv19-BBE CAR T cells
populations (15.4%), compared with MOv19-{ CAR+ T cells (6.7%) after stimulation with
FRo, + tumor cells. Culture in media alone did not induce Bel-XL expression in CAR T cells.
Figure 26D depicts representative FACS analysis for one of three independent co-cultures.

Figure 27 is a series of images depicting macroscopic evaluation of resected
tumor specimens following T cell therapy. Tumors were harvested from NSG mice injected
intratumorally (i.t.) with saline or T cells bearing gfp, MOv19-AL, MOv19-(, MOv19-BB(
CARs; or injected intravenously (i.v.) or intraperitoneally (i.p.) with MOv19-BB{ T cells.
“No tumor” represents mice in which tumors were not detected, Tumors were harvested from
mice at the time of euthanasia, nearly 40 days after first T cell injection,

Figure 28 is an image depicting the study protocol schema for the clinical frial
detailed elsewhere herein,

Figure 29 is an image showing that primary human T cells engineered to
express a fully-human anti-FR CAR containing the humanized C4 scFv recognize and
respond to FR expressing cancer cell lines in vitro. scFv was efficiently expressed on the
surface of T cells transduced to express a first (-z) or second (-28z) CAR (upper; using a
bicistronic vector for gfp co-expression). CAR transduced, but not untransduced (UNT) T
cells secreted IFN-g when co-cultured over night with ovarian or breast cancer cells
expressing FR. Cell lines expressing little to no FR (A2780 and C30) were not recognized
(lower),

Figure 30 is an image summarizing the identity of the SEQ ID NOs,
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DETAILED DESCRIPTION OF THE INVENTION

The invention relates to compositions and methods for treating cancer
including but not limited to epithelial cancers. The present invention relates to a strategy of
adoptive cell transfer of T cells transduced to express a chimeric antigen receptor (CAR),
CARs are molecules that combine antibody-based specificity for a desired antigen (e.g.,
tumor antigen) with a T cell receptor-activating intracellular domain to generate a chimeric
protein that exhibits a specific anti-tumor cellular immune activity.

The present invention relates generally to the use of T cells genetically
modified to stably express a desired CAR. T cells expressing a CAR are referred to herein as
CAR T cells or CAR modified T cells. Preferably, the cell can be genetically modified to
stably express an antibody binding domain on its surface, conferring novel antigen specificity
that is MHC independent. In some instances, the T cell is genetically modified to stably
express a CAR that combines an antigen recognition domain of a specific antibody with an
intracellular domain of the CD3-zeta chain or FeyRI protein into a single chimeric protein.

In one embodiment, the CAR of the invention comprises an
extracellular domain having an antigen recognition domain, a transmembrane domain, and a
cytoplasmic domain. In one embodiment, the transmembrane domain that naturally is
associated with one of the domains in the CAR is used. In another embodiment, the
transmembrane domain can be selected or modified by amino acid substitution to avoid
binding of such domains to the transmembrane domains of the same or different surface
membrane proteins to minimize interactions with other members of the receptor complex.,
Preferably, the transmembrane domain is the CD8a hinge domain,

With respect to the cytoplasmic domain, the CAR of the invention can be
designed to comprise the CD28 and/or 4-1BB (CD137) signaling domain by itself or be
combined with any other desired ¢ytoplasmic domain(s) useful in the context of the CAR of
the invention. In one embodiment, the cytoplasmic domain of the CAR can be designed to
further comprise the signaling domain of CD3-zeta, For example, the cytoplasmic domain of
the CAR can include but is not limited to CD3-zeta, 4-1BB and CD28 signaling modules and
combinations thereof. Accordingly, the invention provides CAR T cells and methods of their
use for adoptive therapy,

in one embodiment, the CAR T cells of the invention can be generated by
introducing a lentiviral vector comprising a desired CAR targeting the a~folate receptor (oFR

or FRay) into the cells. For example, the lentiviral vector comprises a CAR comprising anti-

11
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FRo, CD8u hinge and transmembrane domain, and human 4-1BB and CD3zeta signaling
domains, into the cells, The anti-FRo domain of the CAR of the invention can be any
domain that binds to FRa, including but not limited to monoclonal antibodies, polyclonal
antibodies, antibody fragments, and humanized antibodies. Therefore, as used herein, anti-
FRo (or anti-o.FR) refers to any composition targeted to FRo.. The CAR T celis of the
invention are able to replicate in vivo resulting in long-term persistence that can lead to
sustained tumor control.

In one embodiment the invention relates to administering a genetically
modified T cell expressing a CAR for the treatment of a patient having cancer or at risk of
having cancer using lymphocyte infusion. Preferably, autologous lymphocyte infusion is used
in the treatment. Autologous PBMCs are collected from a patient in need of treatment and T
cells are activated and expanded using the methods described herein and known in the art and
then infused back into the patient.

The invention includes using T cells expressing an anti- FRoo CAR including
both CD3-zeta and the 4-1BB costimulatory domain (also referred to as FRa-specific CAR T
cells). The FRa-specific CAR T cells of the invention can undergo robust in vivo T cell
expansion and can establish FRa-specific memory cells that persist at high levels for an
extended amount of time in blood and bone marrow. In some instances, the FRa-~specific
CAR T cells of the invention infused into a patient can eliminate cancerous cells i vivo in
patients with epithelial ovarian cancer. However, the invention is not limited to FRo-specific
CAR T cells. Rather, the invention includes any antigen binding moiety fused with one or
more intracellular domains selected from the group of a CD137 (4-1BB) signaling domain, a

CD28 signaling domain, a CD3zeta signal domain, and any combination thereof.

Definitions

Unless defined otherwise, all technical and scientific terms used herein have
the saime meaning as commonly understood by one of ordinary skill in the art to which the
invention pertains, Although any methods and materials similar or equivalent to those
described herein can be used in the practice for testing of the present invention, the preferred
materials and methods are described herein. In describing and claiming the present invention,

the following terminology will be used.

12
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It is also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not intended to be limiting,

The articles “a” and “an” are used herein to refer to one or to more than one
(i.e., to at least one) of the grammatical object of the article. By way of example, “an
element” means one element or more than one element.

“About” as used herein when refeirring to a measurable value such as an
amount, a temporal duration, and the like, is meant to encompass variations of :20% or
+10%, more preferably 5%, even more preferably +1%, and still more preferably £0.1%
from the specified value, as such variations are appropriate to perform the disclosed methods.

As used herein, the terms “FRa binding domain” may refer to any FRa
specific binding domain, known to one of skilled in the art. In one example, FRo binding
domain comprises a single-chain variable fragment (scFv) comprising the variable regions of
the heavy (Vi) and light chains (V1) of an antibody binding specifically to FRa, Anti-FRa
antibodies, antibody fragments, and their variants are well known in the art and fully
described in U.S, Patent Publications U.S 20100055034; U.S. 20090324594, 1.5,
20090274697; U.S. 20080260812; U.S. 20060239910; 1.8, 20050232919; U.S.
20040235108, all of which are incorporated by reference herein in their entirety. In one
embodiment, the FRa binding domain is a homologue, a variant, an isomer, or a functional
fragment of an anti-FRa antibody. Each possibility represents a separate embodiment of the
present invention.

As used herein, the terms “4-1BB (CD137) costimulatory domain” may refer
to any sequence of 4-1BB including, for example, a stimulatory signaling domain of 4-1BB.
Stimulatory signaling domains of 4-1BB and their variants are well known in the art and fully
deseribed in U.S. Patent Publication 20050113564, which is incorporated by reference herein
in its entirety. Nucleic acid and amino acid sequences of 4-1BB and their variants are well
known in the art and fully described in U.S. Patent Publications U.S. 20060063923; U.S.
20060029595; U.S. 20030082157; U.S. 20020168719; U.S. 20040091476; U.S.
20050113564, and U.S. 20060002904, all of which are incorporated by reference herein in
their entirety. In one embodiment, the 4-1BB {(CD137) costimulatory domain is a homologue,
a variant, an isomer, or a functional fragment of 4-1BB (CD137). Each possibility represents
a separate embodiment of the present invention.

“Activation”, as used herein, refers to the state of a T cell that has been

sufficiently stimulated to induce detectable cellular proliferation. Activation can also be
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associated with induced cytokine production, and detectable effector functions. The term
“activated T cells” refers to, among other things, T cells that-are undergoing cell division.

The term “antibody,” as used herein, refers to an immunoglobulin molecule
which specifically binds with an antigen. Antibodies can be intact immunoglobulins derived
from natural sources or from recombinant sources and can be immunoreactive portions of
intact immunoglobulins. Antibodies are typically tetramers of immunoglobutin molecules.
The antibodies in the present invention may exist in a variety of forms including, for example,
polyclonal antibodies, monoclonal antibodies, Fv, Fab and F(ab),, as well as single chain
antibodies and humanized antibodies (Harlow et al,, 1999, In: Using Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, NY; Harlow et al., 1989, In:
Antibodies: A Laboratory Manual, Cold Spring Harbor, New York; Houston et al., 1988,
Proc., Natl. Acad. Sci. USA 85:5879-5883; Bird et al,, 1988, Science 242:423-426).

The term “antibody fragment” refers to a portion of an intact antibody and
refers to the antigenic determining variable regions of an intact antibody. Examples of
antibody fragments include, but are not limited to, Fab, Fab', F(ab"),, and Fv fragments, linear
antibodies, scFv antibodies, and multispecific antibodies formed from antibody fragments.

An “antibody heavy chain,” as used herein, refers to the larger of the two types
of polypeptide chains present in all antibody molecules in their naturally occurring
conformations,

An “antibody light chain,” as used herein, refers to the smaller of the two types
of polypeptide chains present in all antibody molecules in their naturally oceurring
conformations. k and A light chains refer to the two major antibody light chain isotypes.

By the term “synthetic antibody” as used herein, is meant an antibody which is
generated using recombinant DNA technology, such as, for example, an antibody expressed
by a bacteriophage as described herein, The term should also be construed to mean an
antibody which has been generated by the synthesis of a DNA molecule encoding the
antibody and which DNA molecule expresses an antibody protein, or an amine acid sequence
specifying the antibody, wherein the DNA or amino acid sequence has been obtained using
synthetic DNA or amino acid sequence technology which is available and well known in the
att.

The term “antigen” or “Ag” as used herein is defined as a molecule that
provokes an immune response. This immune response may involve either antibody

production, or the activation of specific immunologically-competent cells, or both. The
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skilled artisan will understand that any macromolecule, including virtually all proteins or
peptides, can serve as an antigen. Furthermore, antigens can be derived from recombinant or
genomic DNA, A skilled artisan will understand that any DNA, which comprises a
nucleotide sequences or a partial nucleotide sequence encoding a protein that elicits an
immune response therefore encodes an “antigen” as that term is used herein. Furthermore,
one skilled in the art will understand that an antigen need not be encoded solely by a full
length nucleotide sequence of a gene. It is readily apparent that the present invention
includes, but is not limited to, the use of partial nucleotide sequences of more than one gene
and that these nucleotide sequences are arranged in various combinations to elicit the desired
immune response. Moreover, a skilled artisan will understand that an antigen need not be
encoded by a “gene” at all. It is readily apparent that an antigen can be generated synthesized
or can be derived from a biological sample. Such a biclogical sample can include, but is not
fimited to a tissue sample, a tumor sample, a cell or a biological fluid.

The term “anti-tumor effect” as used herein, refers to a biological effect which
can be manifested by a decrease in tumor volume, a decrease in the number of tumor cells, a
decrease in the number of metastases, an increase in life expectancy, or amelioration of
various physiological symptoms associated with the cancerous condition. An “anti-tumor
effect” can also be manifested by the ability of the peptides, polynucleotides, cells and
antibodies of the invention in prevention of the occurrence of tumor in the first place.

The term “auto-antigen” means, in accordance with the present invention, any
self-antigen which is mistakenly recognized by the immune system as being foreign. Auto-
antigens comprise, but are not limited to, cellular proteins, phosphoproteins, cellular surface
proteins, cellular lipids, nucleic acids, glycoproteins, including cell surface receptors,

The term “autoimmune disease” as used herein is defined as a disorder that
results from an autoimmune response. An autoimmune disease is the result of an
inappropriate and excessive response to a self-antigen, Examples of autoimmune diseases
include but are not limited to, Addision's disease, alopecia greata, ankylosing spondylitis,
autoimmune hepatitis, autoimmune parotitis, Crohn's disease, diabetes (Type I), dystrophic
epidermolysis bullosa, epididymitis, glomerulonephritis, Graves’ disease, Guillain-Barr
syndrome, Hashimoto's disease, hemolytic anemia, systemic fupus erythematosus, multiple
sclerosis, myasthenia gravis, pemphigus vulgaris, psoriasis, rheumatic fever, rheumatoid
arthritis, sarcoidosis, scleroderma, Sjogren's syndrome, spondyloarthropathies, thyroiditis,

vasculitis, vitiligo, myxedema, pernicious anemia, ulcerative colitis, among others.

15



10

15

20

25

30

WO 2012/099973 PCT/US2012/021738

As used herein, the term “autologous” is meant to refer to any material derived
from the same individual to which it is later to be re-introduced into the individual.

“Allogeneic” refers to a graft derived from a different animal of the same
species,

“Xenogeneic” refers to a graft derived from an animal of a different species.

The term “cancet” as used herein is defined as disease characterized by the
rapid and uncontrolled growth of aberrant cells. Cancer cells can spread locally or through
the bloodstream and [ymphatic system to other parts of the body. Examples of various
cancers include but are not limited to, breast cancer, prostate cancer, ovarian cancer, cervical
cancer, skin cancer, pancreatic cancer, colorectal cancer, renal cancer, liver cancer, brain
cancer, lymphoma, leukemia, lung cancer and the like.

“Co-stimulatory ligand,” as the term is used herein, includes a molecule on an
antigen presenting cell (e.g., an aAPC, dendritic cell, B cell, and the like) that specifically
binds a cognate co-stimulatory molecule on a T cell, thereby providing a signal which, in
addition to the primary signal provided by, for instance, binding of a TCR/CD3 complex with
an MHC molecule loaded with peptide, mediates a T cell response, including, but not limited
to, proliferation, activation, differentiation, and the like, A co-stimulatory ligand can include,
but is not limited to, CD7, B7-1 (CD80), B7-2 (CD86), PD-L1, PD-L2, 4-1BBL, OX40L,
inducible costimulatory ligand (ICOS-L), intercellular adhesion molecule (ICAM), CD30L,
CD40, CD70, CD83, HLA-G, MICA, MICB, HVEM, lymphotoxin beta receptor, 3/TR®6,
ILT3, TLT4, HVEM, an agonist or antibody that binds Toll ligand receptor and a ligand that
specifically binds with B7-H3, A co-stimulatory ligand also encompasses, infer alia, an
antibody that specifically binds with a co-stimulatory molecule present on a T cell, such as,
but not limited to, CD27, CD28, 4-1BB, 0X40, CD30, CD40, PD-1, ICOS, lymphocyte
function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand
that specifically binds with CD83.

A “co-stimulatory molecule” refers to the cognate binding partner ona T cell
that specifically binds with a co-stimulatory ligand, thereby mediating a co-stimulatory
response by the T cell, such as, but not limited to, proliferation. Co-stimulatory molecules
include, but are not limited to an MHC class [ molecule, BTLA and a Toll ligand receptor,

A “co-stimulatory signal®”, as used herein, refers to a signal, which in
combination with a primary signal, such as TCR/CD3 ligation, leads to T cell proliferation

and/or upregulation or downregulation of key molecules.
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A “disease” is a state of health of an animal wherein the animal cannot
maintain homeostasis, and wherein if the disease is not ameliorated then the animal’s health
continues to deteriorate. In contrast, a “disorder” in an animal is a state of health in which the
animal is able to maintain homeostasis, but in which the animal’s stafe of health is less
favorable than it would be in the absence of the disorder, Left untreated, a disorder does not
necessarily cause a further decrease in the animal’s state of health.

An “effective amount” as used herein, means an amount which provides a
therapeutic or prophylactic benefit.

“Encoding” refets to the inherent property of specific sequences of nucleotides
in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis
of other polymers and macromolecules in biological processes having either a defined
sequence of nucleotides (i.e., IRNA, tRNA and mRNA) or a defined sequence of amino acids
and the biological properties resulting therefrom, Thus, a gene encodes a protein if
transcription and translation of mRNA corresponding to that gene produces the protein in a
cell or other biological system. Both the coding strand, the nucleotide sequence of which is
identical to the mRNA sequence and is usually provided in sequence listings, and the non-
coding strand, used as the template for transcription of a gene or cDNA, can be referred to as
encoding the protein or other product of that gene or cDNA.

As used herein “endogenous” refers to any material from or produced inside an
organism, cell, tissue or system.

As used herein, the term “exogenous” refers to any material introduced from
or produced outside an organism, cell, tissue or system,

The term “expression” as used herein is defined as the transcription and/or
translation of a particular nucleotide sequence driven by its promoter.

“Expression vector” refers to a vector comprising a recombinant
polynucleotide comprising expression control sequences operatively linked to a nucleotide
sequence to be expressed. An expression vector comprises sufficient cis-acting elements for
expression; other elements for expression can be supplied by the host cell or in an in vitro
expression system, Expression vectors include all those known in the art, such as cosmids,
plasmids (e.g., naked or contained in liposomes) and viruses (e.g., lentiviruses, retroviruses,
adenoviruses, and adeno-associated viruses) that incorporate the recombinant polynucleotide.

“Homologous” refers to the sequence similarity or sequence identity between

two polypeptides or between two nucleic acid molecules. When a position in both of the two
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compared sequences is occupied by the same base or amino acid monomer subunit, e.g,, ifa
position in each of two DNA molecules is occupied by adenine, then the molecules are
homologous at that position, The percent of homology between two sequences is a function of
the number of matching or homologous positions shared by the two sequences divided by the
number of positions compared X 100, For example, if 6 of 10 of the positions in two
sequences are matched or homologous then the two sequences are 60% homologous. By way
of example, the DNA sequences ATTGCC and TATGGC share 50% homology. Generally, a
comparison is made when two sequences are aligned to give maximum homology.

The term “immunoglobulin® or “Ig,” as used herein is defined as a class of
proteins, which function as antibodies. Antibodies expressed by B cells are sometimes
referred to as the BCR (B cell receptor) or antigen receptor, The five members included in
this class of proteins are IgA, 1gG, 1gM, IgD, and IgE. IgA is the primary antibody that is
present in body secretions, such as saliva, tears, breast milk, gastrointestinal secretions and
mucus secretions of the respiratory and genitourinary tracts, IgG is the most common
circulating antibody. IgM is the main immunoglobulin produced in the primary immune
response in most subjects. It is the most efficient immunoglobulin in agglutination,
complement fixation, and other antibody responses, and is important in defense against
bacteria and viruses. IgD is the immunoglobulin that has no known antibody function, but
may serve as an antigen receptor, [gE is the immunoglobulin that mediates immediate
hypersensitivity by causing release of mediators from mast cells and basophils upon exposure
to allergen,

As used herein, an “instructional material” includes a publication, a recording,
a diagram, or any other medium of expression which can be used to communicate the
usefulness of the compositions and methods of the invention. The instructional material of
the kit of the invention may, for example, be affixed to a container which contains the nucleic
acid, peptide, and/or composition of the invention or be shipped together with a container
which contains the nucleic acid, peptide, and/or composition, Alternatively, the instructional
material may be shipped separately from the container with the intention that the instructional
material and the compound be used cooperatively by the recipient.

“Isolated” means altered or removed from the natural state. For example, a
nucleic acid or a peptide naturally present in a living animal is not “isolated,” but the same
nucleic acid or peptide partially or completely separated from the coexisting materials of its

natural state is “isolated.” An isolated nucleic acid or protein can exist in substantially
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purified form, or can exist in a non-native environment such as, for example, a host cell.

In the context of the present invention, the following abbreviations for the
commonly occurring nucleic acid bases are used. “A” refers to adenosine, “C” refers to
cytosine, “G” refers to guanosine, “T” refers to thymidine, and “U” refers to uridine.

Unless otherwise specified, a “nucleotide sequence encoding an amino acid
sequence” includes all nucleotide sequences that are degenerate versions of each other and
that encode the same amino acid sequence. The phrase nucleotide sequence that encodes a
protein or an RNA may also include introns to the extent that the nucleotide sequence
encoding the protein may in some version contain an intron(s).

A “lentivirus” as used herein refers to a genus of the Retroviridae family.
Lentiviruses are unique among the retroviruses in being able to infect non-dividing cells; they
can deliver a significant amount of genetic information into the DNA of the host cell, so they
are one of the most efficient methods of a gene delivery vector. HIV, SIV, and F1V are all
examples of lentiviruses. Vectors derived from lentiviruses offer the means to achieve
significant levels of gene transfer in vivo,

By the term “modulating,” as used herein, is meant mediating a detectable
increase or decrease in the level of a response in a subject compared with the level of a
response in the subject in the absence of a treatment or compound, and/or compared with the
tevel of a resbonse in an otherwise identical but untreated subject. The term encompasses
perturbing and/or affecting a native signal or response thereby mediating a beneficial
therapeutic response in a subject, preferably, a human.

Unless otherwise specified, a “nucleotide sequence encoding an amino acid
sequence” includes all nucleotide sequences that are degenerate versions of each other and
that encode the same amino acid sequence. Nucleotide sequences that encode proteins and
RNA may include introns.

The term “operably linked” refers to functional linkage between a regulatory
sequence and a heterologous nucleic acid sequence resulting in expression of the latter. For
example, a first nucleic acid sequence is operably linked with a second nucleic acid sequence
when the first nucleic acid sequence is placed in a functional relationship with the second
nucleic acid sequence. For instance, a promoter is operably linked to a coding sequence if the
promoter affects the transcription or expression of the coding sequence. Generally, operably
linked DNA sequences are contiguous and, where necessary to join two protein coding

regions, in the same reading frame.
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The term “overexpressed” tumor antigen or “overexpression™ of the tumor
antigen is intended to indicate an abnormal level of expression of the tumor antigen in a cell
from a disease area like a solid tumor within a specific tissue or organ of the patient relative
to the level of expression in a normal cell from that tissue or organ. Patients having solid
tumors or a hematological malignancy characterized by overexpression of the tumor antigen
can be deterimined by standard assays known in the art.

“Parenteral” administration of an immunogenic composition includes, e.g.,
subcutaneous (s.c.), intravenous (i,v.), inframuscular (i.m.), or intrasternal injection, or
infusion techniques.

The terms “patient,” “subject,” “individual,” and the like are used
interchangeably herein, and refer to any animal, or cells thereof whether in vitro or in situ,
amenable to the methods described herein. In certain non-limiting embodiments, the patient,
subject or individual is a human.

The term “polynucleotide” as used herein is defined as a chain of nucleotides.
Furthermore, nucleic acids are polymers of nucleotides. Thus, nucleic acids and
polynucleotides as used herein are interchangeable, One skilled in the art has the general
knowledge that nucleic acids are polynucleotides, which can be hydrolyzed into the
monomeric “nucleotides.” The monomeric nucleotides can be hydrolyzed into nucleosides.
As used herein polynucleotides include, but are not limited to, all nucleic acid sequences
which are obtained by any means available in the art, including, without limitation,
recombinant means, i.e., the cloning of nucleic acid sequences from a recombinant library or
a cell genome, using ordinary cloning technology and PCR™, and the like, and by synthetic
means.

As used herein, the terms “peptide,” “polypeptide,” and “protein” are used
interchangeably, and refer to a compound comprised of amino acid residues covalently linked
by peptide bonds. A protein or peptide must contain at least two amino acids, and no
limitation is placed on the maximum number of amino acids that can comprise a protein’s or
peptide’s sequence. Polypeptides include any peptide or protein comprising two or more
amino acids joined to each other by peptide bonds, As used herein, the term refers to both
short chains, which also commonly are referred to in the art as peptides, oligopeptides and
oligomers, for example, and to longer chains, which generally are referred to in the art as
proteins, of which there are many types. “Polypeptides” include, for example, biologically

active fragments, substantially homologous polypeptides, oligopeptides, homodimers,
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heterodimers, variants of polypeptides, modified polypeptides, derivatives, analogs, fusion
proteins, among others. The polypeptides include natural peptides, recombinant peptides,
synthetic peptides, or a combination thereof.

The term “promoter” as used herein is defined as a DNA sequence recognized
by the synthetic machinery of the cell, or introduced synthetic machinery, required to initiate
the specific transcription of a polynucleotide sequence,

As used herein, the term “promoter/regulatory sequence” means a nucleic acid
sequence which is required for expression of a gene product operably linked to the
promoter/regulatory sequence, In some instances, this sequence may be the core promoter
sequence and in other instances, this sequence may also include an enhancer sequence and
other regulatory elements which are required for expression of the gene product. The
promofer/regulatory sequence may, for example, be one which expresses the gene product in
a tissue specific manner,

A “constitutive” promoter is a nucleotide sequence which, when operably
linked with a polynucleotide which encodes or specifies a gene product, causes the gene
product to be produced in a cell under most or all physiological conditions of the cell.

An “inducible” promoter is a nucleotide sequence which, when operably
linked with a polynucleotide which encodes or specifies a gene product, causes the gene
product to be produced in a cell substantially only when an inducer which corresponds to the
promoter is present in the cell.

A “tissue-specific” promoter is a nucleotide sequence which, when operably
linked with a polynucleotide encodes or specified by a gene, causes the gene product to be
produced in a cell substantially only if the cell is a cell of the tissue type corresponding to the
promoter.

By the term “specifically binds,” as used herein with respect to an antibody, is
meant an antibody which recognizes a specific antigen, but does not substantially recognize
or bind other molecules in a sample. For example, an antibody that specifically binds to an
antigen from one species may also bind to that antigen from one or more species. But, such
cross-species reactivity does not itself alter the classification of an antibody as specific. In
another example, an antibody that specifically binds to an antigen may also bind to different
allelic forms of the antigen, However, such cross reactivity does not itself alter the
classification of an antibody as specific. In some instances, the terms “specific binding” or

“specifically binding,” can be used in reference to the interaction of an antibody, a protein, or
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a peptide with a second chemical species, to mean that the interaction is dependent upon the
presence of a particular structure (e.g., an antigenic determinant or epitope) on the chemical
species; for example, an antibody recognizes and binds to a specific protein structure rather
than to proteins generally. If an antibody is specific for epitope “A”, the presence of a
molecule containing epitope A (or free, unlabeled A), in a reaction containing labeled “A”
and the antibody, will reduce the amount of labeled A bound to the antibody.

By the term “stimulation,” is meant a primary response induced by binding of
a stimulatory molecule {e.g., a TCR/CD3 complex) with its cognate ligand thereby mediating
a signal transduction event, such as, but not limited to, signal transduction via the TCR/CD3
complex. Stimulation can mediate altered expression of certain molecules, such as
downregulation of TGF-f, and/or reorganization of cytoskeletal structures, and the like.

A “stimulatory molecule,” as the term is used herein, means a molecule ona T
cell that specifically binds with a cognate stimulatory ligand present on an antigen presenting
cell.

A “stimulatory ligand,” as used herein, means a ligand that when present on an
antigen presenting cell (e.g., an aAPC, a dendritic cell, a B-cell, and the like) can specifically
bind with a cognate binding partner (referred to herein as a “stimulatory molecule”)ona T
cell, thereby mediating a primary response by the T cell, including, but not limited to,
activation, initiation of an immune response, proliferation, and the like. Stimulatory ligands
are well-known in the art and encompass, infer alia, an MHC Class I molecule loaded with a
peptide, an anti-CD3 antibody, a superagonist anti-CD28 antibody, and a superagonist anti-
CD2 antibody.

The term “subject” is intended to include living organisms in which an
immune response can be elicited (e.g., mammals). Examples of subjects include humans,
dogs, cats, mice, rats, and transgenic species thereof,

As used herein, a “substantially purified” cell is a cell that is essentially free of
other cell types. A substantially purified cell also refers to a cell which has been separated
from other cell types with which it is normally associated in its naturally occurring state. In
some instances, a population of substantially puritied cells refers to a homogenous population
of cells. In other instances, this term refers simply to cell that have been separated from the
cells with which they are naturally associated in their natural state, In some embodiments, the

cells are cultured in vifro. In other embodiments, the cells are not cultured in vitro.
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The term “therapeutic” as used herein means a treatment and/or prophylaxis,
A therapeutic effect is obtained by suppression, remission, or eradication of a disease state.

The term “therapeutically effective amount” refers to the amount of the subject
compound that will elicit the biological or medical response of a tissue, system, or subject
that is being sought by the researcher, veterinarian, medical doctor or other clinician. The
term “therapeutically effective amount” includes that amount of a compound that, when
administered, is sufticient to prevent development of, or alleviate to some extent, one or more
of the signs or symptoms of the disorder or disease being treated. The therapeutically
effective amount will vary depending on the compound, the disease and its severity and the
age, weight, etc., of the subject to be treated,

To “treat” a disease as the term is used herein, means to reduce the frequency
or severity of at least one sign or symptom of a disease or disorder experienced by a subject.

The term “transfected” or “transformed” or “transduced” as used herein refers
to a process by which exogenous nucleic acid is transferred or introduced into the host cell.

A “transfected” or “transformed” or “transduced” cell is one which has been transfected,
transformed or transduced with exogenous nucleic acid. The cell includes the primary subject
cell and its progeny.

The phrase “under transcriptional control” or “operatively linked” as used
herein means that the promoter is in the correct focation and orientation in relation to a
polynucleotide to control the initiation of transcription by RNA polymerase and expression of
the polynucleotide.

A “vector” is a composition of matter which comprises an isolated nucleic acid
and which can be used to deliver the isolated nucleic acid to the interior of a cell. Numerous
vectors are known in the art including, but not limited to, linear polynucleotides,
polynucleotides assoctated with ionic or amphiphilic compounds, plasmids, and viruses,
Thus, the term “vector” includes an autonomously replicating plasmid or a virus, The term
should also be construed to include non-plasmid and non-viral compounds which facilitate
transfer of nucleic acid into cells, such as, for example, polylysine compounds, liposomes,
and the like, Examples of viral vectors include, but are not limited to, adenoviral vectors,
adeno-associated virus vectors, retroviral vectors, and the like.

Ranges: throughout this disclosure, various aspects of the invention can be
presented in a range format. It should be understood that the description in range format is

merely for convenience and brevity and should not be construed as an inflexible limitation on
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the scope of the invention. Accordingly, the description of a range should be considered to
have specifically disclosed all the possible subranges as well as individual numerical values
within that range. For example, description of a range such as from 1 to 6 should be
considered to have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from I to
5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range,

forexample, 1, 2, 2.7, 3, 4, 5, 5.3, and 6. This applies regardless of the breadth of the range.

Description

The present invention provides compositions and methods for treating cancer
among other diseases, The cancer may be a hematological malignancy, a solid tumor, a
prilmary or a metastasizing tumor. Preferably, the cancer is an epithelial cancer, or in other
words, a carcinoma. More preferably, the cancer is epithelial ovarian cancer. Other diseases
treatable using the compositions and methods of the invention include viral, bacterial and
parasitic infections as well as autoimmune diseases.

In one embodiment, the invention provides a cell (e.g., T cell} engineered to
express a CAR wherein the CAR T cell exhibits an antitumor property, The CAR of the
invention can be engineered to comprise an extracellular domain having an antigen binding
domain fused to an intracellular signaling domain of the T cell antigen receptor complex zeta
chain (e.g.,, CD3 zeta). The CAR of the invention when expressed in a T cell is able to
redirect antigen recognition based on the antigen binding specificity. An exemplary antigen
is FRa because this antigen is expressed on malignant epithelial cells. However, the
invention is not limited to targeting FRa, Rather, the invention includes any antigen binding
moiety that when bound to its cognate antigen, affects a tumor cell so that the tumor cell fails
to grow, is prompted to die, or otherwise is affected so that the tumor burden in a patient is
diminished or eliminated. The antigen binding moiety is preferably fused with an
intracellular domain from one or more of a costimulatory molecule and a zeta chain,
Preferably, the antigen binding moiety is fused with one or more intracellular domains
selected from the group of a CD137 (4-1BB) signaling domain, a CD28 signaling domain, a
CD3zeta signal domain, and any combination thereof.

In one embodiment, the CAR of the invention comprises a CD137 (4-1BB)
signaling domain. This is because the present invention is partly based on the discovery that
CAR-mediated T-cell responses can be further enhanced with the addition of costimulatory

domains. For example, inclusion of the CD137 (4-1BB) signaling domain significantly
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increased anti-tumor activity and 2 vivo persistence of CAR T cells compared to an

otherwise identical CAR T cell not engineered to express CD137 (4-1BB).

Composition
The present invention provides chimeric antigen receptor (CAR) comprising

an extracellular and intracellular domain. The extracellular domain comprises a target-
specific binding element otherwise referred to as an antigen binding motety, The intracellular
domain or otherwise the cytoplasmic domain comprises, a costimulatory signaling region and
a zeta chain portion, The costimulatory signaling region refers to a portion of the CAR
comprising the intracellular domain of a costimulatory molecule. Costimulatory molecules
are cell surface molecules other than antigens receptors or their ligands that are required for
an efficient response of lymphocytes to antigen.

Between the extracellular domain and the transmembrane domain of the CAR,
or between the cytoplasmic domain and the transmembrane domain of the CAR, there may be
incorporated a spacer domain. As used herein, the term “spacer domain” generally means any
oligo- or polypeptide that functions to link the transmembrane domain to, either the
extracellular domain or, the cytoplasmic domain in the polypeptide chain. A spacer domain
may comprise up to 300 amino acids, preferably 10 to 100 amino acids and most preferably

25 to 50 amino acids.

Antigen binding moiety

In one embodiment, the CAR of the invention comprises a target-specific
binding element otherwise referred to as an antigen binding moiety. The choice of moiety
depends upon the type and number of ligands that define the surface of a target cell. For
example, the antigen binding domain may be chosen to recognize a ligand that acts as a cell
surface marker on target cells associated with a particular disease state. Thus examples of
cell surface markers that may act as ligands for the antigen moiety domain in the CAR of the
invention include those associated with viral, bacterial and parasitic infections, autoimmune
disease and cancer cells,

In one embodiment, the CAR of the invention can be engineered to target a
tumor antigen of interest by way of engineering a desired antigen binding moiety that
specifically binds to an antigen on a tumor cell. In the context of the present invention,

“tumor antigen” or “hyperproliferative disorder antigen” or “antigen associated with a
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hyperproliferative disorder,” refers to antigens that are common to specific hyperproliferative
disorders such as cancer. The antigens discussed herein are merely included by way of
example. The list is not intended to be exclusive and further examples will be readily
apparent to those of skill in the art,

Tumor antigens are proteins that are produced by tumor cells that elicit an
immune response, particularly T-cell mediated immune responses. The selection of the
antigen binding moiety of the invention will depend on the particular type of cancer to be
treated. Tumor antigens are well known in the art and include, for example, a glioma-
associated antigen, carcinoembryonic antigen (CEA), B-human chorionic gonadotropin,
alphafetoprotein (AFP), lectin-reactive AFP, thyrogiobulin, RAGE-1, MN-CA IX, human
telomerase reverse transcriptase, RUI, RU2 (AS), intestinal carboxyl esterase, mut hsp70-2,
M-CSF, prostase, prostate-specific antigen (PSA), PAP, NY-ESO-1, LAGE-1a, p53, prostein,
PSMA, Her2/neu, survivin and telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1),
MAGE, ELF2M, neutrophil elastase, ephrinB2, CD22, insulin growth factor (IGF)-1, IGF-II,
IGF-I receptor and mesothelin,

in one embodiment, the tumor antigen comprises one or more antigenic cancer
epitopes associated with a malignant tumor. Malignant tumors express a number of proteins
that can serve as target antigens for an immune attack. These molecules include but are not
fimited to tissue-specific antigens such as MART-1, tyrosinase and GP 100 in melanoma and
prostatic acid phosphatase (PAP) and prostate-specific antigen (PSA) in prostate cancer.
Other target molecules belong to the group of transformation-related molecules such as the
oncogene HER-2/Neuw/ErbB-2, Yet another group of target antigens are onco-fetal antigens
such as carcinoembryonic antigen (CEA). In B-cell lymphoma the tumor-specific idiotype
immunoglobulin constitutes a truly tumor-specific immunoglobulin antigen that is unique to
the individual tumor. B-cell differentiation antigens such as CD19, CD20 and CD37 are
other candidates for target antigens in B-cell lymphoma. Some of these antigens (CEA, HER-
2, CD19, CD20, idiotype) have been used as targets for passive immunotherapy with
monoclonal antibodies with limited success,

The type of tumor antigen referred to in the invention may also be a tumor-
specific antigen {TSA) or a tumor-associated antigen (TAA). A TSA is unique to tumor cells
and does not occur on other cells in the body. A TAA associated antigen is not unique to a
tumor cell and instead is also expressed on a normal cell under conditions that fail to induce a

state of immunologic tolerance to the antigen. The expression of the antigen on the tumor
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may occur under conditions that enable the immune system to respond to the antigen, TAAs
may be antigens that are expressed on normal cells during fetal development when the
immune system is immature and unable to respond or they may be antigens that are normally
present at extremely low levels on normal cells but which are expressed at much higher levels
on tumor cells.

Non-limiting examples of TSA or TAA antigens include the following:
Differentiation antigens such as MART-1/MelanA (MART-I), gp100 (Pmel 17), tyrosinase,
TRP-1, TRP-2 and tumor-specific multilineage antigens such as MAGE-1, MAGE-3, BAGE,
GAGE-1, GAGE-2, p!5; overexpressed embryonic antigens such as CEA; overexpressed
oncogenes and mutated tumor-suppressor genes such as p53, Ras, HER-2/neu; unique tumor
antigens resulting from chromosomal translocations; such as BCR-ABL, E2A-PRL, H4-RET,
IGH-IGK, MYL-RAR; and viral antigens, such as the Epstein Barr virus antigens EBVA and
the human papillomavirus (HPV) antigens E6 and E7. Other large, protein-based antigens
include TSP-180, MAGE-4, MAGE-5, MAGE-6, RAGE, NY-ESQ, p185erbB2, p180erbB-3,
c-met, nm-23H1, PSA, TAG-72, CA 19-9, CA 72-4, CAM 17.1, NuMa, K-ras, beta-Catenin,
CDK4, Mum-1, p 15, p 16, 43-9F, 5T4, 791Tgp72, alpha-fetoprotein, beta-HCG, BCA225,
BTAA, CA 125, CA 15-3\CA 27.29\BCAA, CA 195, CA 242, CA-50, CAM43, CDG68\P1,
CO-029, FGF-5, G250, Ga730\EpCAM, HTgp-175, M344, MA-50, MG7-Ag, MOV 18,
NB/70K, NY-CO-1, RCAS1, SDCCAGI16, TA-90\Mac-2 binding protein\cyclophilin C-
associated protein, TAALG, TAG72, TLP, and TPS.

In a preferred embodiment, the antigen binding moiety portion of the CAR
targets an antigen that includes but is not limited to FRa, CD24, CD44, CD133, CD166,
epCAM, CA-125, HE4, Oval, estrogen receptor, progesterone receptor, HER-2/neu, uPA,
PAI-1, and the like.

Depending on the desired antigen to be targeted, the CAR of the invention can
be engineered to include the appropriate antigen bind moiety that is specific to the desired
antigen target. For example, if FRo is the desired antigen that is to be targeted, an antibody
for FRou can be used as the antigen bind moiety for incorporation into the CAR of the
invention.

In one embodiment, the antigen binding moiety portion of the CAR of the
invention targets FRo. Preferably, the antigen binding moiety portion in the CAR of the

invention is anti- FRa scFV, wherein the nucleic acid sequence of the anti- FRo scFV
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comprises the sequence set forth in SEQ ID: 3. In one embodiment, the anti- FRo scFV
comprise the nucleic acid sequence that encodes the amino acid sequence of SEQ ID NO: 15,
In another embodiment, the anti- FRo scFV portion of the CAR of the invention comprises
the amino acid sequence set forth in SEQ ID NO: 15.

In one embodiment, the antigen binding moiety portion in the CAR of the
invention is a humanized anti-FRao scFV, wherein the nucleic acid sequence of the humanized .
anti- FRo scFV comprises the sequence set forth in SEQ ID: 21, In one embodiment, the
humanized anti- FRa scFV comprise the nucleic acid sequence that encodes the amino acid
sequence of SEQ ID NO; 23, In another embodiment, the humanized anti- FRa scFV portion

of the CAR of'the invention comprises the amino acid sequence set forth in SEQ 1D NO: 23,

Transmembrane domain

With respect to the transmembrane domain, the CAR can be designed to
comprise a transmembrane domain that is fused to the extracellular domain of the CAR, In
one embodiment, the transmembrane domain that naturally is associated with one of the
domains in the CAR is used. In some instaﬁces, the transmembrane domain can be selected
or modified by amino acid substitution to avoid binding of such domains to the
transmembrane domains of the same or different surface membrane proteins to minimize
interactions with other members of the receptor complex.

The transmembrane domain may be derived cither from a natural or from a
synthetic source, Where the source is natural, the domain may be derived from any
membrane-bound or fransmembrane protein, Transmembrane regions of particular use in this
invention may be derived from (i.e. comprise at least the transmembrane region(s) of) the
alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CD35, CDS,
CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154.
Alternatively the transmembrane domain may be synthetic, in which case it will comprise
predominantly hydrophobic residues such as leucine and valine. Preferably a triplet of
phenylalanine, tryptophan and valine will be found at each end of a synthetic fransmembrane
domain. Optionally, a short oligo- or polypeptide linker, preferably between 2 and 10 amino
acids in length may form the linkage between the transmembrane domain and the cytoplasmic
signaling domain of the CAR, A glycine-serine doublet provides a particularly suitable

linker.
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Preferably, the transmembrane domain in the CAR of the invention is the CD8
fransmembrane domain, In one embodiment, the CD8 transmembrane domain comprises the
nucleic acid sequence of SEQ ID NO: 5. In one embodiment, the CD8 transmembrane
domain comprises the nucleic acid sequence that encodes the amino acid sequence of SEQ ID
NO: 17. In another embodiment, the CD8 transmembrane domain comprises the amino acid
sequence of SEQ ID NO: 17.

In some instances, the transmembrane domain of the CAR of the invention
comprises the CD8 hinge domain, In one embodiment, the CD8 hinge domain comprises the
nucleic acid sequence of SEQ ID NO: 4. In one embodiment, the CD8 hinge domain
comprises the nucleic acid sequence that encodes the amino acid sequence of SEQ 1D NO:
16, In another embodiment, the CD8 hinge domain comprises the amino acid sequence of

SEQ 1D NO: 16,

Cytoplasmic domain

The cytoplasmic domain or otherwise the intracellular signaling domain of the
CAR of'the invention is responsible for activation of at least one of the normal effector
functions of the immune cell in which the CAR has been placed in. The term “effector
function” refers to a specialized function of a cell. Effector function of a T cell, for example,
may be cytolytic activity or helper activity including the secretion of cytokines. Thus the term
“intracellutar signaling domain® refers to the portion of a protein which transduces the
effector function signal and directs the cell to perform a specialized function. While usually
the entire intracellular signaling domain can be employed, in many cases it is not necessary to
use the entire chain, To the extent that a truncated portion of the intracetlular signaling
domain is used, such truncated portion may be used in place of the intact chain as long as it
transduces the effector function signal. The term intracellular signaling domain is thus meant
to include any truncated portion of the intracellular signaling domain sufficient to transduce
the effector function signal.

Preferred examples of intraceliular signaling domains for use in the CAR of
the invention include the cytoplasmic sequences of the T cell receptor (TCR) and co-receptors
that act in concert to initiate signal transduction following antigen receptor engagement, as
well as any derivative or variant of these sequences and any synthetic sequence that has the

same functional capability,
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It is known that signals generated through the TCR alone are insufficient for
full activation of the T cell and that a secondary or co-stimulatory signal is also required,
Thus, T cell activation can be mediated by two distinct classes of cytoplasmic signaling
sequence: those that initiate antigen-dependent primary activation through the TCR (primary
cytoplasmic signaling sequences) and those that act in an antigen-independent manner to
provide a secondary or co-stimulatory signal (secondary cytoplasmic signaling sequences).

Primary cytoplasmic signaling sequences regulate primary activation of the
TCR complex either in a stimufatory way, or in an inhibitory way, Primary cytoplasmic
signaling sequences that act in a stimulatory manner may contain signaling motifs which are
known as immunoreceptor tyrosine-based activation motifs or ITAMs.

Examples of [ITAM containing primary cytoplasmic signaling sequences that
are of particular use in the invention include those derived from TCR zeta, FcR gamma, FcR
beta, CD3 gamma , CD3 delta, CD3 epsilon, CD5, CD22, CD79a, CD79b, and CD66d. It is
particularly preferred that cytoplasmic signaling molecule in the CAR of the invention
comprises a cytoplasmic signaling sequence derived from CD3 zeta.

In a preferred embodiment, the cytoplasmic domain of the CAR can be
designed to comprise the CD3-zeta signaling domain by itself or combined with any other
desired cytoplasmic domain(s) useful in the context of the CAR of the invention. For
example, the cytoplasmic domain of the CAR can comprise a CD3 zeta chain portion and a
costimulatory signaling region. The costimulatory signaling region refers to a portion of the
CAR comprising the intracetlular domain of a costimulatory molecule, A costimulatory
molecule is a cell surface molecule other than an antigen receptor or their ligands that is
required for an efficient response of lymphocytes to an antigen. Examples of such molecules
include CD27, CD28, 4-1BB (CD137), 0X40, CD30, CD40, PD-1, ICOS, lymphocyte
function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand
that specifically binds with CD83, and the like, Thus, while the invention in exemplified
primarily with 4-1BB as the co-stimulatory signaling element, other costimulatory elements
are within the scope of the invention,

The cytoplasmic signaling sequences within the cytoplasmic signaling portion
of the CAR of the invention may be linked to each other in a random or specified order.
Optionally, a short oligo- or polypeptide linker, preferably between 2 and 10 amino acids in

length may form the linkage. A glycine-serine doublet provides a particularly suitable linker.
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In one embodiment, the cytoplasmic domain is designed to comprise the
signaling domain of CD3-zeta and the signaling domain of CD28. In another embodiment,
the cytoplasmic domain is designed to comprise the signaling domain of CD3-zeta and the
signaling domain of 4-1BB. In yet another embodiment, the cytoplasmic domain is designed
to comprise the signaling domain of CD3-zeta and the signaling domain of CD28 and 4-1BB.

In one embodiment, the cytoplasmic domain in the CAR of the invention is
designed to comprise the signaling domain of 4-1BB and the signaling domain of CD3-zeta,
wherein the signaling domain of 4-1BB comprises the nucleic acid sequence set forth in SEQ
ID NO: 6 and the signaling domain of CD3-zeta comprises the nucleic acid sequence set forth
in SEQ ID NO: 7.

In one embodiment, the cytoplasmic domain in the CAR of the invention is
designed to comprise the signaling domain of 4-1BB and the signaling domain of CD3-zeta,
wherein the signaling domain of 4-1BB comprises the nucleic acid sequence that encodes the
amino acid sequence of SEQ ID NO: 18 and the signaling domain of CD3-zeta comprises the
nucleic acid sequence that encodes the amino acid sequence of SEQ ID NO: 19.

In one embodiment, the cytoplasmic domain in the CAR of the invention is
designed to comprise the signaling domain of 4-1BB and the signaling domain of CD3-zeta,
wherein the signaling domain of 4-1BB comprises the amino acid sequence set forth in SEQ
1D NO: 18 and the signaling domain of CD3-zeta comprises the amino acid sequence set forth

in SEQ 1D NO: 19,

Vectors

The present invention encompasseé a DNA construct comprising sequences of
a CAR, wherein the sequence comprises the nucleic acid sequence of an antigen binding
moiety operably linked to the nucleic acid sequence of an intracellular domain, An
exemplary intracellular domain that can be used in the CAR of the invention includes but is
not limited to the intracellular domain of CD3-zeta, CD28, 4-1BB, and the like. In some
instances, the CAR can comprise any combination of CD3-zeta, CD28, 4-1BB, and the like.

In one embodiment, the CAR of the invention comprises anti-FRa, scFy,
human CD8 hinge and transmembrane domain, and human 4-1BB and CD3zeta signaling
domains. In one embodiment, the CAR of the invention comprises the nucleic acid sequence
set forth in SEQ ID NO: . In another embodiment, the CAR of the invention comprises the

nucleic acid sequence that encodes the amino acid sequence of SEQ ID NO: 13, In another
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embodiment, the CAR of the invention comprises the amino acid sequence set forth in SEQ
ID NO: 13.

In one embodiment, the CAR of the invention comprises humanized anti-FRa
scFv, human CD8 hinge and transmembrane domain, and human 4-1BB and CD3zeta
signaling domains, In one embodiment, the CAR of the invention comprises the nucleic acid
sequence set forth in SEQ ID NO: 20. In another embodiment, the CAR of the invention
comprises the nucleic acid sequence that encodes the amino acid sequence of SEQ 1D NO:
22. In another embodiment, the CAR of the invention comprises the amino acid sequence set
forth in SEQ ID NO: 22.

The nucleic acid sequences coding for the desired molecules can be obtained
using recombinant methods known in the art, such as, for example by screening libraries from
cells expressing the gene, by deriving the gene from a vector known to include the same, or
by isolating directly from cells and tissues containing the same, using standard techniques.
Alternatively, the gene of interest can be produced synthetically, rather than cloned.

The present invention also provides vectors in which a DNA of the present
invention is inserted. Vectors derived from retroviruses such as the lentivirus are suitable
tools to achieve long-term gene transfer since they allow long-term, stable integration of a
transgene and its propagation in daughter cells. Lentiviral vectors have the added advantage
over vectors derived from onco-retroviruses such as murine leukemia viruses in that they can
transduce non-proliferating cells, such as hepatocytes. They also have the added advantage of
low immunogenicity.

In brief summary, the expression of natural or synthetic nucleic acids encoding
CARs is typically achieved by operably linking a nucleic acid encoding the CAR polypeptide
or portions thereof to a promoter, and incorporating the construct into an expression vector.
The vectors can be suitable for replication and integration eukaryotes. Typical cloning
vectors contain transcription and translation terminators, initiation sequences, and promoters
useful for regulation of the expression of the desired nucleic acid sequence.

The expression constructs of the present invention may also be used for
nucleic acid immunization and gene therapy, using standard gene delivery protocols. Methods
for gene delivery are known in the art, See, e.g., U.S. Pat. Nos. 5,399,346, 5,580,859,
5,589,466, incorporated by reference herein in their entireties. In another embodiment, the

invention provides a gene therapy vector.
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The nucleic acid can be cloned into a number of types of vectors. For
example, the nucleic acid can be cloned into a vector including, but not limited to a plasmid,
a phagemid, a phage derivative, an animal virus, and a cosmid, Vectors of particular interest
include expression vectors, replication vectors, probe generation vectors, and sequencing
vectors.

Further, the expression vector may be provided to a cell in the form of a viral
vector, Viral vector technology is well known in the art and is described, for example, in
Sambrook et al. (2001, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory, New York), and in other virology and molecular biology manuals. Viruses,
which are useful as vectors include, but are not limited to, retroviruses, adenoviruses, adeno-
associated viruses, herpes viruses, and lentiviruses, In general, a suitable vector contains an
origin of replication functional in at least one organisim, a promoter sequence, convenient
restriction endonuclease sites, and one or more selectable markers, (e.g., WO 01/96584; WO
01/29058; and U.S. Pat, No. 6,326,193).

A number of viral based systems have been developed for gene transfer into
mammalian cells, For example, retroviruses provide a convenient platform for gene delivery
systems. A selected gene can be inserted into a vector and packaged in retroviral particles
using techniques known in the art. The recombinant virus can then be isolated and delivered
to cells of the subject either in vivo or ex vivo. A number of retroviral systems are known in
the art, In some eﬁlbodiments, adenovirus vectors are used. A number of adenovirus vectors
are known in the art. In one embodiment, lentivirus vectors are used.

Additional promoter elements, ¢.g., enhancers, regulate the frequency of
transcriptional initiation, Typically, these are located in the region 30-110 bp upstream of the
start site, although a number of promoters have recently been shown to contain functional
elements downstream of the start site as well. The spacing between promoter elements
frequently is flexible, so that promoter function is preserved when elements are inverted or
moved relative to one another. In the thymidine kinase (tk) promoter, the spacing between
promoter elements can be increased to 50 bp apart before activity begins to decline.
Depending on the promoter, it appears that individual elements can function either
cooperatively or independently to activate transcription.

One example of a suitable promoter is the immediate early cytomegalovirus
(CMV) promoter sequence. This promoter sequence is a strong constitutive promoter

sequence capable of driving high levels of expression of any polynucleotide sequence
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operatively linked thereto, Another example of a suitable promoter is Elongation Growth
Factor -1 (EF-1a). However, other constitutive promoter sequences may also be used,
including, but not limited to the simian virus 40 (SV40) early promoter, mouse mammary
tumor virus (MMTYV), human immunodeficiency virus (HIV) long terminal repeat (LTR)
promoter, MoMuLV promoter, an avian leukemia virus promoter, an Epstein-Barr virus
immediate early promoter, a Rous sarcoma virus promoter, as well as human gene promoters
such as, but not limited to, the actin promoter, the myosin promoter, the hemoglobin
promoter, and the creatine kinase promoter. Further, the invention should not be limited to
the use of constitutive promoters. Inducible promoters are also contemplated as part of the
invention. The use of an inducible promoter provides a molecular switch capable of turning
on expression of the polynucleotide sequence which it is operatively linked when such
expression is desired, or turning off the expression when expression is not desired. Examples
of inducible promoters include, but are not limited to a metallothionine promoter, a
glucocorticoid promoter, a progesterone promoter, and a tetracycline promoter.

In order to assess the expression of a CAR polypeptide or portions thereof, the
expression veetor to be introduced into a cell can also contain either a selectable marker gene
or a reporter gene or both to facilitate identification and selection of expressing cells from the
population of cells sought to be transfected or infected through viral vectors. In other aspects,
the selectable marker may be carried on a separate piece of DNA and used in a co-
transfection procedure, Both selectable markers and reporter genes may be flanked with
appropriate regulatory sequences to enable expression in the host cells. Useful selectable
markers include, for example, antibiotic-resistance genes, such as neo and the like.

Reporter genes are used for identifying potentially transfected cells and for
evaluating the functionality of regulatory sequences. In general, a reporter gene is a gene that
is not present in or expressed by the recipient organism or tissue and that encodes a
polypeptide whose expression is manifested by some easily detectable property, e.g.,
enzymatic activity. Expression of the reporter gene is assayed at a suitable time after the
DNA has been introduced into the recipient cells. Suitable reporter genes may include genes
encoding luciferase, beta-galactosidase, chloramphenicol acety! transferase, secreted alkaline
phosphatase, or the green fluorescent protein gene (e.g., Ui-Tei et al,, 2000 FEBS Letters 479:
79-82). Suitable expression systems are well known and may be prepared using known
techniques or obtained commercially. In general, the construct with the minimal 5' flanking

region showing the highest level of expression of reporter gene is identified as the promoter.,
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Such promoter regions may be linked to a reporter gene and used to evaluate agents for the
ability to modulate promoter- driven transcription.

Methods of introducing and expressing genes into a cell are known in the art.
In the context of an expression vector, the vector can be readily introduced into a host cell,
e.g., mammalian, bacterial, yeast, or insect cell by any method in the art. For example, the
expression vector can be transferred into a host cell by physical, chemical, or biological
means,

Physical methods for introducing a polynucleotide into a host cell include
calcium phosphate precipitation, lipofection, particle bombardment, microinjection,
electroporation, and the like. Methods for producing cells comprising vectors and/or
exogenous nucleic acids are well-known in the art, See, for example, Sambrook et al. (2001,
Molecuiar Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York)., A
preferred method for the introduction of a polynucleotide into a host cell is calcium phosphate
transfection.

Biological methods for introducing a polynucleotide of interest into a host cell
include the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors,
have become the most widely used method for inserting genes into mammalian, e.g., human
cells. Other viral vectors can be derived from lentivirus, poxviruses, herpes simplex virus ],
adenoviruses and adeno-associated viruses, and the like. See, for example, U.S. Pat. Nos,
5,350,674 and 5,585,362,

Chemical means for introducing a polynucleotide into a host cell include
colloidal dispersion systems, such as macromolecule complexes, nanocapsules, microspheses,
beads, and lipid-based systems including oil-in-water emulsions, micelles, mixed micelles,
and liposomes. An exemplary colloidal system for use as a delivery vehicle in vitro and in
vivo is a liposome (e.g., an artificial membrane vesicle).

In the case where a non-viral delivery system is utilized, an exemplary delivery
vehicle is a liposome. The use of lipid formulations is contemplated for the introduction of
the nucleic acids into a host cell (in vifro, ex vivo or in vive). In another aspect, the nucleic
acid may be associated with a lipid. The nucleic acid associated with a lipid may be
encapsulated in the aqueous interior of a liposome, interspersed within the lipid bilayer of a
liposome, attached to a liposome via a linking molecule that is associated with both the
liposome and the oligonucleotide, entrapped in a liposome, complexed with a liposome,

dispersed in a solution containing a lipid, inixed with a lipid, combined with a lipid,
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contained as a suspension in a lipid, contained or complexed with a micelle, or otherwise
associated with a lipid. Lipid, lipid/DNA or lipid/expression vector associated compositions
are not limited to any particular structure in solution. For example, they may be present in a
bilayer structure, as micelies, or with a “collapsed” structure. They may also simply be
interspersed in a solution, possibly forming aggregates that are not uniform in size or shape.
Lipids are fatty substances which may be naturally occurring or synthetic lipids. For example,
lipids include the fatty droplets that naturally occur in the cytoplasm as well as the class of
compounds which contain long-chain aliphatic hydrocarbons and their derivatives, such as
fatty acids, alcohols, amines, amino alcohols, and aldehydes.

Lipids suitable for use can be obtained from commercial sources, For example,
dimyristyl phosphatidylcholine (“DMPC”) can be obtained from Sigma, St. Louis, MO;
dicetyl phosphate (“DCP”) can be obtained from K & K Laboratories (Plainview, NY);
cholesterol (*Choi”) can be obtained from Calbiochem-Behring; dimyristyl
phosphatidylglycerol (“DMPG”) and other lipids may be obtained from Avanti Polar Lipids,
Inc. (Birmingham, AL). Stock solutions of lipids in chloroform or chloroform/methanol can
be stored at about -20°C, Chloroform is used as the only solvent since it is more readily
evaporated than methanol, “Liposome” is a generic ferm encompassing a variety of single and
multilamellar lipid vehicles formed by the generation of enclosed lipid bilayers or aggregates.
Liposomes can be characterized as having vesicular structures with a phospholipid bilayer
membrane and an inner aqueous medium, Multilamellar liposomes have multiple lipid layers
separated by aqueous medium. They form spontaneously when phospholipids are suspended
in an excess of aqueous solution. The lipid components undergo self-rearrangement before
the formation of closed structures and entrap water and dissolved solutes between the lipid
bilayers (Ghosh et al., 1991 Glycobiology 5: 505-10). However, compositions that have
different structures in solution than the normal vesicular structure are also encompassed. For
example, the lipids may assume a micellar structure or merely exist as nonuniform aggregates
of lipid molecules. Also contemplated are lipofectamine-nucleic acid complexes,

Regardless of the method used to introduce exogenous nucleic acids into a
host cell or otherwise expose a cell to the inhibitor of the present invention, in order to
confirm the presence of the recombinant DNA sequence in the host cell, a variety of assays
may be performed. Such assays include, for example, “molecular biological” assays well
known to those of skill in the art, such as Southern and Northern blotting, RT-PCR and PCR;

“biochemical” assays, such as detecting the presence or absence of a particular peptide, e.g.,
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by immunological means (ELISAs and Western blots) or by assays described herein to

identify agents falling within the scope of the invention.

Activation and Expansion of T Cells

Whether prior to or after genetic modification of the T cells to express a
desirable CAR, the T cells can be activated and expanded generally using methods as
described, for example, in U.S. Patents 6,352,694; 6,534,055; 6,905,680; 6,692,964;
5,858,358; 6,887,466; 6,905,681; 7,144,575; 7,067,318; 7,172,869; 7,232,566; 7,175,843,
5,883,223; 6,905,874, 6,797,514, 6,867,041; and U.S. Patent Application Publication No.
20060121005,

Generally, the T cells of the invention are expanded by contact with a surface
having attached thereto an agent that stimulates a CD3/TCR complex associated signal and a
ligand that stimulates a co-stimulatory molecule on the surface of the T cells. In particular, T
cell populations may be stimulated as described herein, such as by contact with an anti-CD3
antibody, or antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a
surface, or by contact with a protein kinase C activator (e.g., bryostatin) in conjunction with a
calcium ionophore. For co-stimulation of an accessory molecule on the surface of the T cells,
a ligand that binds the accessory molecule is used, For example, a population of T cells can
be contacted with an anti-CD3 antibody and an anti-CD28 antibody, under conditions
appropriate for stimulating proliferation of the T cells, To stimulate proliferation of either
CD4" T cells or CD8" T cells, an anti-CD3 antibody and an anti-CD28 antibody. Examples
of an anti-CD28 antibody include 9.3, B-T3, XR-CD28 (Diaclone, Besangon, France) can be
used as can other methods commonly known in the art (Berg et al., Transplant Proc,
30(8):3975-3977, 1998; Haanen et al., J. Exp. Med. 190(9):13191328, 1999; Garland et al., J.
Immunol Meth. 227(1-2):53-63, 1999).

In certain embodiments, the primary stimulatory signal and the co-stimulatory
signal for the T cell may be provided by different protocols. For example, the agents
providing each signal may be in solution or coupled to a surface. When coupled to a surface,
the agents may be coupled to the same surface (V.e., in “cis” formation) or to separate surfaces
(i.e., in “trans” formation), Alternatively, one agent may be coupled to a surface and the other
agent in solution, In one embodiment, the agent providing the co-stimulatory signal is bound
to a cell surface and the agent providing the primary activation signal is in solution or coupled

to a surface. In certain embodiments, both agents can be in solution. In another embodiment,
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the agents may be in soluble form, and then cross-linked to a surface, such as a cell
expressing Fc receptors or an antibody or other binding agent which will bind to the agents.
In this regard, see for example, U.S. Patent Application Publication Nos, 20040101519 and
20060034810 for artificial antigen presenting cells (aAPCs) that are contemplated for use in
activating and expanding T cells in the present invention.

In one embodiment, the two agents are immobilized on beads, either on the
same bead, i.e., “cis,” or to separate beads, i.e., “trans,” By way of example, the agent
providing the primary activation signal is an anti-CD3 antibody or an antigen-binding
fragment thereof and the agent providing the co-stimulatory signal is an anti-CD28 antibody
or antigen-binding fragment thereof; and both agents are co-immobilized to the same bead in
equivalent molecular amounts. In one embodiment, a 1:1 ratio of each antibody bound to the
beads for CD4" T cell expansion and T cell growth is used. In certain aspects of the present
invention, a ratio of anti CD3:CD28 antibodies bound to the beads is used such that an
increase in T cell expansion is observed as compared to the expansion observed using a ratio
of 1:1. Tn one particular embodiment an increase of from about 1 to about 3 fold is observed
as compared fo the expansion observed using a ratio of 1:1. In one embodiment, the ratio of
CD3:CD28 antibody bound to the beads ranges from 100:1 to 1:100 and all integer values
there between, In one aspect of the present invention, more anti-CD28 antibody is bound to
the particles than anti-CD3 antibody, /.e., the ratio of CD3:CD28 is less than one. In certain
embodiments of the invention, the ratio of anti CD28 antibody to anti CD3 antibody bound to
the beads is greater than 2:1. In one particular embodiment, a 1:100 CD3:CD28 ratio of
antibody bound to beads is used. In another embodiment, a 1:75 CD3:CD28 ratio of antibody
bound to beads is used. In a further embodiment, a 1:50 CD3:CD28 ratio of antibody bound
to beads is used. In another embodiment, a 1:30 CD3:CD?28 ratio of antibody bound to beads
is used. In one preferred embodiment, a 1:10 CD3:CD28 ratio of antibody bound to beads is
used, In another embodiment, a 1:3 CD3:CD28 ratio of antibody bound to the beads is used,
In yet another embodiment, a 3:1 CD3:CD28 ratio of antibody bound to the beads is used,

Ratios of particles to cells from 1:500 to 500:1 and any integer values in
between may be used to stimulate T cells or other target cells. As those of ordinary skill in
the art can readily appreciate, the ratio of particles to cells may depend on particle size
relative to the target cell. For example, small sized beads could only bind a few cells, while
larger beads could bind many. In certain embodiments the ratio of cells to particles ranges

from 1:100 to 100:1 and any integer values in-between and in further embodiments the ratio
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comprises 1:9 to 9:1 and any integer values in between, can also be used to stimulate T cells,
The ratio of anti-CD3- and anti-CD28-coupled particles to T cells that result in T cell
stimulation can vary as noted above, however certain preferred values include 1:100, 1:50,
1:40, 1:30, 1:20, 1:10, 1:9, 1:8, 117, 1.6, 135, 1:4, 1:3, 1:2, 111, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1,
9:1, 10:1, and 15:1 with one preferred ratio being at least 1.1 particles per T cell. In one
embodiment, a ratio of particles to cells of 1:1 or less is used. In one particular embodiment,
a preferred particle; cell ratio is 1:5. In further embodiments, the ratio of particles to cells can
be varied depending on the day of stimulation. For example, in one embodiment, the ratio of
particles to cells is from 1:1 to 10:1 on the first day and additional particles are added to the
cells every day or every other day thereafter for up to 10 days, at final ratios of from 1:1 to
1:10 (based on cell counts on the day of addition). In one particular embodiment, the ratio of
particles to cells is 1:1 on the first day of stimulation and adjusted to 1:5 on the third and fifth
days of stimulation. In another embodiment, particles are added on a daily or every other day
basis to a final ratio of 1:1 on the first day, and 1:5 on the third and fifth days of stimulation.
In another embodiment, the ratio of particles to cells is 2:1 on the first day of stimulation and
adjusted to 1:10 on the third and fifth days of stimulation, In another embodiment, particles
are added on a daily or every other day basis to a final ratio of 1:1 on the first day, and 1:10
on the third and fifth days of stimulation. One of skill in the art will appreciate that a variety
of other ratios may be suitable for use in the present invention. In particular, ratios will vary
depending on particle size and on cell size and type.

In further embodiments of the present invention, the cells, such as T cells, are
combined with agent-coated beads, the beads and the cells are subsequently separated, and
then the cells are cultured. In an alternative embodiment, prior to culture, the agent-coated
beads and cells are not separated but are cultured together, In a further embodiment, the
beads and cells are first concentrated by application of a force, such as a magnetic force,
resulting in increased ligation of cell surface markers, thereby inducing cell stimulation.

By way of example, cell surface proteins may be ligated by allowing
paramagnetic beads to which anti-CD3 and anti-CD28 are attached (3x28 beads) to contact
the T cells, In one embodiment the cells (for example, 10* to 10° T cells) and beads (for
example, DYNABEADS® M-450 CD3/CD28 T paramagnetic beads at a ratio of 1:1) are
combined in a buffer, preferably PBS (without divalent cations such as, calcium and
magnesium). Again, those of ordinary skill in the art can readily appreciate any cell

concentration inay be used, For example, the target cell may be very rare in the sample and

39



10

15

20

25

30

WO 2012/099973 PCT/US2012/021738

comprise only 0.01% of the sample or the entire sample (i.e., 100%) may comprise the target
cell of interest. Accordingly, any cell number is within the context of the present invention.
In certain embodiments, it may be desirable to significantly decrease the volume in which
particles and cells are mixed together (i.e., increase the concentration of cells), to ensure
maximum contact of cells and particles. For example, in one embodiment, a concentration of
about 2 billion cells/ml is used. In another embodiment, greater than 100 million cells/ml is
used. In a further embodiment, a concentration of cells of 10, 15, 20, 25, 30, 385, 40, 45, or 50
million cells/ml is used. In yet another embodiment, a concentration of cells from 75, 80, 85,
90, 95, or 100 million cells/ml is used. In further embodiments, concentrations of 125 or 150
million cells/mi can be used. Using high concentrations can result in increased cell yield, cell
activation, and cell expansion, Further, use of high cell concentrations allows more efficient
capture of cells that inay weakly express target antigens of interest, such as CD28-negative T
cells. Such populations of cells may have therapeutic value and would be desirable to obtain
in certain embodiments. For example, using high concentration of cells allows more efficient
selection of CD8+ T cells that normally have weaker CD28 expression.

In one embodiment of the present invention, the mixture may be cultured for
several hours (about 3 hours) to about 14 days or any hourly integer value in between, In
another embodiment, the mixture may be cultured for 21 days. In one embodiment of the
invention the beads and the T cells are cultured together for about eight days. In another
embodiment, the beads and T cells are cultured together for 2-3 days. Several cycles of
stimulation may also be desired such that culture time of T cells can be 60 days or more,
Conditions appropriate for T cell culture include an appropriate media (e.g., Minimal
Essential Media or RPMI Media 1640 or, X-vivo 15, (Lonza)) that may contain factors
necessary for proliferation and viability, including serum (e.g., fetal bovine or human serum),
interleukin-2 (I1.-2), insulin, IFN-y, IL-4, 1L.-7, GM-CSF, IL-10, 11.-12, IL-15, TGFp, and
TNF-a or any other additives for the growth of cells known to the skilled artisan, Other
additives for the growth of cells include, but are not limited to, surfactant, plasmanate, and
reducing agents such as N-acetyl-cysteine and 2-mercaptoethanol, Media can include RPMI
1640, AIM-V, DMEM, MEM, u-MEM, F-12, X-Vivo 15, and X-Vivo 20, Optimizer, with
added amino acids, sodium pyruvate, and vitamins, either serum-free or supplemented with
an appropriate amount of serum (or plasma) or a defined set of hormones, and/or an amount
of cytokine(s) sufficient for the growth and expansion of T cells. Antibiotics, e.g., penicillin

and streptomycin, are included only in experimental cultures, not in cultures of cells that are
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to be infused into a subject. The target cells are maintained under conditions necessary to
support growth, for example, an appropriate temperature (e.g., 37° C) and atmosphere (e.g.,
air plus 5% CQO;).

T cells that have been exposed to varied stimulation times may exhibit
different characteristics. For example, typical blood or apheresed peripheral blood
mononuclear cell products have a helper T cell population (Ty, CD4™) that is greater than the
eytotoxic or suppressor T cell population (Te, CD8"), Ex vivo expansion of T cells by
stimulating CD3 and CD28 receptors produces a population of T cells that prior to about days
8-9 consists predominately of Ty cells, while after about days 8-9, the population of T cells
comprises an increasingly greater population of Tg cells. Accordingly, depending on the
purpose of treatment, infusing a subject with a T cell population comprising predominately of
Ty cells may be advantageous. Similarly, if an antigen-specific subset of T¢ cells has been
isolated it may be beneficial to expand this subset to a greater degree.

Further, in addition to CD4 and CD8 markers, other phenotypic markers vary
significantly, but in large part, reproducibly during the course of the cell expansion process.
Thus, such reproducibility enables the ability to tailor an activated T cell product for specific

purposes.

Therapeutic Application

The present invention encompasses a cell (e.g., T cell) transduced with a
lentiviral vector (V). For example, the LV encodes a CAR that combines an antigen
recognition domain of a specific antibody with an intracellular domain of CD3-zeta, CD28, 4-
BB, or any combinations thereof. Therefore, in some instances, the transduced T cell can
elicit a CAR-mediated T-cell response.

The invention provides the use of a CAR to redirect the specificity of a
primary T cell to a tumor antigen, Thus, the present invention also provides a method for
stimulating a T cell-mediated inunune response to a target cell population or tissue in a
mammal comprising the step of administering to the mammal a T cell that expresses a CAR,
wherein the CAR comprises a binding moiety that specifically interacts with a predetermined
target, a zeta chain portion comprising for example the intracellular domain of human
CD3zeta, and a costimulatory signaling region.

In one embodiment, the present invention includes a type of cellular therapy

where T cells are genetically modified to express a CAR and the CAR T cell is infused to a
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recipient in need thereof, The infused celf is able to kill tumor cells in the recipient. Unlike
antibody therapies, CAR T cells are able to replicate /n vivo resulting in long-term persistence
that can lead to sustained tumor control.

In one embodiment, the CAR T cells of the invention can undergo robust in
vivo T cell expansion and can persist for an extended amount of time. In another
embodiment, the CAR T cells of the invention evolve into specific memory T cells that can
be reactivated to inhibit any additional tumor formation or growth. For example, it was
unexpected that the FRa-specific CAR T cells of the invention can undergo robust in vivo T
cell expansion and persist at high levels for an extended amount of time in blood and bone
marrow and form specific memory T cells, Without wishing to be bound by any particular
theory, CAR T cells may differentiate in vive into a central memory-like state upon encounter
and subsequent elimination of target cells expressing the surrogate antigen,

Without wishing to be bound by any particular theory, the anti-tumor
immunity response elicited by the CAR-modified T cells may be an active or a passive
immune response. In addition, the CAR mediated immune response may be part of an
adoptive immunotherapy approach in which CAR-modified T cells induce an immune
response specific to the antigen binding moiety in the CAR, For example, FRa-specific CAR
T cells elicit an immune response specific against cells expressing FRo.

While the data disclosed herein specifically disclose lentiviral vector
comprising anti- FRo scFv, human CD8a hinge and transmembrane domain, and human 4-
1BB and CD3zeta signaling domains, the invention should be construed to include any
number of variations for each of the components of the construct as described elsewhere
herein. That is, the invention includes the use of any antigen binding moiety in the CAR to
generate a CAR-mediated T-cell response specific to the antigen binding moiety, For
example, the antigen binding moiety in the CAR of the invention can target a tumor antigen
for the purposes of treat cancer,

Cancers that may be treated include tumors that are not vascularized, or not yet
substantially vascularized, as well as vascularized tumors. The cancers may comprise non-
solid tumors (such as hematological tumors, for example, leukemias and lymphomas) or may
comprise solid tumors, Types of cancers to be treated with the CARs of the invention
include, but are not limited to, carcinoma, blastoma, and sarcoma, and certain leukemia or

lymphoid malignancies, benign and malignant tumors, and malignancies e.g., sarcomas,
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carcinomas, and melanomas. Adult tumors/cancers and pediatric tumors/cancers are also
inctuded.

In one embodiment, the antigen bind moiety portion of the CAR of the
invention is designed to treat a particular cancer, FRa is a glycosylphosphatidylinositol-
anchored protein that is overexpressed on the surface of cancer cells in a spectrum of
epithelial malignancies, but is limited in normal tissue. As such, CARs designed to target
FRao can be used to treat any disease or disorders, including but not limited to epithelial
cancers, characterized by cells and/or tissues displaying an overexpression of FRa. For
example, the CAR designed to target FRe can be used to treat cancers and disorders
including but are not limited to ovarian cancer, lung cancer, breast cancer, renal cancer,
colorectal cancer, other solid cancers and the like,

However, the invention should not be construed to be limited to solely to the
antigen targets and discases disclosed herein. Rather, the invention should be construed to
include any antigenic target that is associated with a disease where a CAR can be used to treat
the disease.

The CAR-modified T cells of the invention may also serve as a type of vaccine
for ex vivo immunization and/or in vivo therapy in a mammal. Preferably, the mammal is a
human,

With respect to ex vive immunization, at least one of the following occurs in
vitro prior to administering the cell into a mammal: i) expansion of the cells, ii} introducing a
nucleic acid encoding a CAR to the cells, and/or iii) cryopreservation of the cells.

Ex vive procedures are well known in the art and are discussed more fully
below. Briefly, cells are isolated from a mammal (preferably a human) and genetically
modified (i.e., transduced or transfected in vitro) with a vector expressing a CAR disclosed
herein. The CAR-modified cell can be administered to a mammalian recipient to provide a
therapeutic benefit. The mammalian recipient may be a human and the CAR-modified cell
can be autologous with respect to the recipient. Alternatively, the cells can be allogeneic,
syngeneic or xenogeneic with respect to the recipient,

The procedure for ex vivo expansion of hematopoietic stem and progenitor
cells is described in U.S. Pat. No. 5,199,942, incorporated herein by reference, can be applied
to the cells of the present invention. Other suitable methods are known in the art, therefore
the present invention is not limited to any particular method of ex vivo expansion of the cells,

Briefly, ex vivo culture and expansion of T cells comprises: (1) collecting CD34+
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hematopoietic stem and progenitor cells from a mammal from peripheral blood harvest or
bone marrow explants; and (2) expanding such cells ex vivo. In addition to the celular
growth factors described in U,S, Pat. No, 5,199,942, other factors such as flt3-L, 1L-1, 1L-3
and c-kit ligand, can be used for culturing and expansion of the cells,

In addition to using a cell-based vaccine in terms of ex vivo immunization, the
present invention also provides compositions and methods for in vive immunization to elicit
an immune response directed against an antigen in a patient.

Generally, the cells activated and expanded as described herein may be utilized
in the treatment and prevention of diseases that arise in individuals who are
immunocompromised. In particular, the CAR-modified T cells of the invention are used in
the treatment of ovarian cancer, In certain embodiments, the cells of the invention are used in
the treatment of patients at risk for developing ovarian cancer. Thus, the present invention
provides methods for the treatment or prevention of ovarian cancer comprising administering
to a subject in need thereof, a therapeutically effective amount of the CAR-modified T cells
of the invention.

The CAR-modified T cells of the present invention may be administered either
alone, or as a pharmaceutical composition in combination with diluents and/or with other
components such as 1L-2 or other cytokines or cell populations, Briefly, pharmaceutical
compositions of the present invention may comprise a target cell population as described
herein, in combination with one or more pharmaceutically or physiologically acceptable
carriers, diluents or excipients. Such compositions may comprise buffers such as neutral
buffered saline, phosphate buffered saline and the like; carbohydrates such as glucose,
mannose, sucrose or dextrans, mannitol; proteins; polypeptides or amino acids such as
glycine; antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g.,
aluminum hydroxide); and preservatives. Compositions of the present invention are
preferably formulated for intravenous administration,

Pharmaceutical compositions of the present invention may be adininistered in
a manner appropriate to the disease to be treated {or prevented). The quantity and frequency
of administration will be determined by such factors as the condition of the patient, and the
type and severify of the patient’s disease, although appropriate dosages may be determined by
clinical trials.

When “an immunologically effective amount”, “an anti-tumor effective

amount”, “an tumoi-inhibiting effective amount”, or “therapeutic amount” is indicated, the
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precise amount of the compositions of the present invention to be administered can be
determined by a physician with consideration of individual differences in age, weight, tumor
size, extent of infection or metastasis, and condition of the patient (subject). It can generally
be stated that a pharmaceutical composition comprising the T cells described herein may be
administered at a dosage of 10* to 10° cells/kg body weight, preferably 10° to 10° cells/kg
body weight, including all integer values within those ranges. T cell compositions may also
be administered multiple times at these dosages. The cells can be administered by using
infusion techniques that are commonly known in immunotherapy (see, e.g., Rosenberg et al.,
New Eng, J. of Med, 319:1676, 1988). The optimal dosage and treatment regime for a
particular patient can readily be determined by one skilled in the art of medicine by
monitoring the patient for signs of disease and adjusting the treatment accordingly.

In certain embodiments, it may be desired to administer activated T cells to a
subject and then subsequently redraw blood (or have an apheresis performed), activate T cells
therefrom according to the present invention, and reinfuse the patient with these activated and
expanded T cells. This process can be carried out multiple times every few weeks. In certain
embodiments, T ceHs can be activated from blood draws of from 10cc to 400cc. In certain
embodiments, T cells are activated from blood draws of 20¢e, 30ce, 40cc, 50cc, 60cc, 70cc,
80cc, 90cc, or 100cc. Not to be bound by theory, using this multiple blood draw/multiple
reinfusion protocol may serve to select out certain populations of T cells.

The administration of the subject compositions may be carried out in any
convenient manner, including by aerosol inhalation, injection, ingestion, transfusion,
implantation or transplantation. The compositions described herein may be administered to a
patient subcutaneously, intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In one embodiment, the
T cell compositions of the present invention are administered to a patient by intradermal or
subcutaneous injection. In another embodiment, the T cell compositions of the present
invention are preferably administered by i.v. injection. The compositions of T cells may be
injected directly into a tumor, lymph node, or site of infection.

In certain embodiments of the present invention, cells activated and expanded
using the methods described herein, or other methods known in the art where T cells are
expanded to therapeutic levels, are administered to a patient in conjunction with (e.g., before,
simultancously or following) any number of relevant treatment modalities, including but not

limited to treatment with agents such as antiviral therapy, cidofovir and interfeukin-2,
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Cytarabine (also known as ARA-C) or natalizumab treatment for MS patients or efalizumab
treatment for psoriasis patients or other treatments for PML patients, In further embodiments,
the T cells of the invention may be used in combination with chemotherapy, radiation,
immunosuppressive agents, such as cyclosporin, azathioprine, methotrexate, mycophenolate,
and FK 506, antibodies, or other immunoablative agents such as CAM PATH, anti-CD3
antibodies or other antibody therapies, cytoxin, fludaribine, cyclosporin, FK506, rapamyein,
mycophenolic acid, steroids, FR901228, cytokines, and irradiation. These drugs inhibit either
the calcium dependent phosphatase calcineurin (cyclosporine and FK506) or inhibit the
p70S6 kinase that is important for growth factor induced signaling (rapamycin) (Liu et al,,
Cell 66:807-815, 1991; Henderson et al., Immun. 73:316-321, 1991; Bierer et al., Curr. Opin.
Immun, 5:763-773, 1993). In a further embodiment, the cell compositions of the present
invention are administered to a patient in conjunction with (e.g., before, simultaneously or
following) bone marrow transplantation, T cell ablative therapy using either chemotherapy
agents such as, fludarabine, external-beam radiation therapy (XRT), cyclophosphamide, or
antibodies such as OKT3 or CAMPATH. I another embodiment, the cell compositions of
the present invention are administered following B-cell ablative therapy such as agents that
react with CD20, e.g., Rituxan. For example, in one embodiment, subjects may undergo
standard treatment with high dose chemotherapy followed by peripheral blood stem cell
transplantation. In certain embodiments, following the transplant, subjects receive an
infusion of the expanded immune cells of the present invention. In an additional
embodiment, expanded cells are administered before or following surgery.

The dosage of the above treatments to be administered to a patient will vary
with the precise nature of the condition being treated and the recipient of the treatment. The
scaling of dosages for human administration can be performed according to art-accepted
practices. The dose for CAMPATH, for example, will generally be in the range | to about
100 mg for an adult patient, usually administered daily for a period between 1 and 30 days.
The preferred daily dose is 1 to 10 mg per day although in some instances larger doses of up
to 40 mg per day may be used (described in U.S. Patent No. 6,120,766).

EXPERIMENTAL EXAMPLES
The invention is further described in detail by reference to the following
experimental examples. These examples are provided for purposes of iltustration only, and

are not intended to be limiting unless otherwise specified. Thus, the invention should in no
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way be construed as being limited to the following examples, but rather, should be construed
to encompass any and all variations which become evident as a result of the teaching
provided herein.

Without further description, it is believed that one of ordinary skill in the art
can, using the preceding description and the following illustrative examples, make and utilize
the compounds of the present invention and practice the claimed methods. The following
working examples therefore, specifically point out the preferred embodiments of the present
invention, and are not to be construed as limiting in any way the remainder of the disclosure.

The materials and methods employed in these experiments are now described.

Generation of Anti-g folate receptor (¢FR) T-Body Molecules

The anti-aFR scFv (MOv19) was used as a template for PCR amplification of
an 780-bp MOv19 fragment using the following primers:
5’GCGGGATCCTCTAGAGCGGCCCAGCCGGCCATGGCCCAGGTG -3’ (SEQ ID NO:
243 (BamHI is underlined) and
SGCGGCTAGCGGCCGCCCGTTTTATTTCCAACTTTGTCCCCCC -3’ (SEQ 1D NO: 23)
(Nhel is undertined).

The resulting PCR product contained a BamHI site on the Su end and a Nhel
site on the 3o end. The CD8u hinge, transmembrane, and cytosolic regions were amplified by
PCR using previously constructed templates and the following primers:
5’GCTGGGACAAAGTTGGAAATCAAAGCTAGCACCACGACGCCAGCGCCGCGACC
-3¢ (SEQ ID NO: 26) (Nhel is underlined) and
5 TCGACAGTCGACTTAGCGAGGGGGCAGGGCCT-3* (SEQ ID NO: 27) (for the
functional TCRE containing molecules, Sall is underlined).

The chimeric immunoreceptor constructs were generated through gene splicing
by overlap extension. Equimolar amounts of the MOv19 PCR product and CD8 hinge,
transmembrane, and cytosolic PCR products were combined with
S’ATAGCATCTAGAATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTG
CTGCTC- 3¢ (SEQ TD NO: 28) (Xbal is underlined) and
S‘TCGACAGTCGACTTAGCGAGGGGGCAGGGCCT-3¢(SEQ 1D NO: 29) (for the
functional TCR containing molecules, Sall is underlined).

The final PCR products were then digested with Xbal and Sall and ligated into

pELNS, a third generation self-inactivating lentiviral expression vectors based on pRRL-SIN-
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CMV-eGFP-WPRE in which transgene expression is driven by the EF-1u promoter, which
replaced the CMV promoter, High-titer research grade replication-defective lentiviral vectors
were produced and concentrated.

The investigational agent in this protocol is autologous T cells transduced with
a-FR-CAR (Fig. 6). Autologous T cells are transduced with a lentiviral vector expressing the
a-FR CAR, This redirects specificity of the transduced T cells for tumor that expresses oFR,
which is expressed at high levels in 90% of epithelial ovarian carcinoma (EOC) but is largely
absent from normal. The ¢-FR CAR, is linked to an intracellular signaling molecule
comprised of the TCRY, 4-1BB. The scFv MOv19 is detived from a mouse monoclonal
antibody, and thus contains mouse sequences that are immunogenic. If early clinical
feasibility and efficacy is established, this scFv is humanized for later stage clinical
development. The cytoplasmic signaling domains of the transgene are entirely of the native
human sequences. These receptors are “universal” in that they bind antigen in an MHC-
independent fashion, thus, one receptor construct can be used to treat a population of patients
with alpha folate receptor antigen-positive tumors. The final transgene construct was cloned
into the pELNS lentiviral vector (Figures 6 and 7).

The plasmids used for alpha folate receptor (¢FR) chimeric immune receptor
genes delivery are schematically depicted in Figure 8A. The transfer vector is an HIV derived
self inactivating (STN) vector that comprises a 5> LTR and a 3’ U3 deleted LTR. Transgene
transcription is driven off the mammalian ef-1a promoter, The transgene is composed of
extracellular domain MOv19 (¢FR scFv) and signaling domain 4-1BB and CD3zeta chain.
The vector also contains the central polypurine tract and central termination sequence
(cppt/CTS) for improved transduction efficiency, the rev response element (RRE) for RNA
transport, the WPRE element for improved RNA translation and, the packaging sequence.

Novel CARs were constructed that contain a FRa-specific scFv (MOv19)
coupled to either an inactive form of the CD3-{ intracellular domain (MOv19-AC), CD3 £
chain signaling module (MOv19-0) or in combination with the CD137 (4-1BB) costimulatory
motifs (MOv 19-BB-{) (Figure 6). Human T cells were transduced with the CAR wsing
lentivirial vectors. In co-culture assays, CAR transduced T cells were measured for reactivity
against ovarian cancer cells expressing FRa via IFN-g ELISA and cytokine bead assay.
Cytotoxicity was measured using a bioluminescence system in vifro. The potential antitumor

efficacy of 'R CAR in Winn assay and xenograft model in NOG mice was explored.
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Preparation, structure, and composition of the materials that can be given to

the patients or used to treat the patient’s cells.

The CAR constructs were developed at the University of Pennsylvania, and the
clinical grade vectors were cloned and are manufactured at The City of Hope under the
direction of Dr, Larry Couture. The clinical grade engineered T cells are manufactured in the
Clinical Cell and Vaccine Production Facility at the University of Pennsylvania. At the end of
cell cultures, the cells are cryopreserved in infusible cryomedia in bags. Each bag contains an
aliquot (volume dependent upon dose) of cryomedia containing infusible-grade reagents.
Subjects in Stratum | can receive a single dose of «-FR CAR transduced T cells by direct
intratumoral injection, either ultrasonically guided or intraoperatively using a dose escalation
approach. Subjects in Stratum 2 receive split dose intravenous infusions (10%, 30%, and 60%

on days 0, 1, and 2, respectively) of the transduced T cells using a dose escalation approach,

Measuoring DNA purity

The DNA used to manufacture the vector is isolated from E. cofi cells grown
in LB medium under ampicillin selection. The DNA undergoes quality control (QC) release
testing to ensure its identity and purity. DNA is tested for appearance (clear and odorless),
260/280 ratio (1.7-2.0), agarose gel electrophoresis (>90% supercoiled), residual RNA (non
detected/pg), linear plasmid DNA or chromosomal DNA (none detected/pg), restriction
enzyme mapping, endotoxin (<30 EU/mg), and sterility.

Viral production

Lentiviral vector is produced by City of Hope. City of Hope has built a
Phasel/Il cGMP Manufacturing facility consisting of two (2), independent, Class 10,000
manufacturing Suites (A&B) inside a unidirectional GMP support area. Each Suite consists
of: an Entry/Gowning Airlock, a Cell Expansion Lab, Production Lab, Purification/Buffer
Prep Lab, and Exit/Degowning Airlock. Each Suite has an independent air handler with
HEPA supply and controlled exhaust. Pressure differentials between suites and within suites
is controlled as well as temperature and humidity, Environmental conditions, and GMP
equipment, is monitored, recorded and alarmed through a centralized Building Monitor
System. All transfers and any open vessel operations take place in the suites in unidirectional

flow, Class 100, hoods.
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Supporting GMP areas include: GMP Controlled Storage, -80°C Controlled
Storage, +4°C Controlled Storage, USP Water System, USP Gas Distribution Systems,
Materials Airlock, separate locker room, Gowning Airlock, Entry Hallway, Autoclave/Wash
Room, and Exit Hallway. All Airlocks, hallways, and direct access support areas are supplied
by multiple GMP air handlers with HEPA filtered supply air to support spaces with an overall
Classification of 100,000,

Viral production in 2937 cells

Viral vector is produced by fransient transfection using a three plasmid
production system that provides gag/pol, tat, rev, and VSV-G in a system similar to (Zufferey
et al, 1997). The only regions of overlap are in the packaging and gag and cppt/CTS
sequences, RCL testing is performed in accordance with FDA guidelines as described later.

The process begins with a single vial of frozen, 293T cells from a GMP,
validated, Master Cell Bank. Cells are thawed and expanded through a number of passages to
increase cell count and volume of cells in a number of sizes of culture flasks. The City of
Hope has both adherent and suspension cell lines, This is a general description of the
adherent cell line production process:

The thawed cells are centrifuged to a pellet, resuspended in cell culture
medium and a cell count is performed. Multiple flasks containing medium are seeded with
cells to a specific cell density. The flasks are incubated at 37°C and 5% CO; concentration in
an incubator for ~24 hours. After 24 hours the medium is removed from the flasks containing
cells, and Growth Media is added to the flasks and cells. Flasks are incubated again at same
termperature and CO; for an additional 24 hours, Flasks are removed from the incubator,
media removed, cells are loosened from the surface with Trypsin solution, cells counted, and
expanded to 5 times more flasks to a specified seeding density with Growth Media in flasks.
Flasks are incubated at 37°C and 5% CO, for 48 hours. At the end of that time, media is
removed from the flasks, cells are trypsinized, cells counted, and up to 10 Cell factories (4
layer) are seeded to a specified cell density and 800 mL of Growth Media per cell factory.
Cell factories are incubated at 37°C and 5% CO, for approximately 72 hours. Media is then
removed from the Cell factories, cells are trypsinized, counted, and used to seed ten (10) Cell
factories (10 layer each) with approximately 1,5 L. of Growth Media, These ten (10} cell

factories are incubated at 37°C and 5% CO» for ~ 24 hours. The media is removed from the
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cell factories and the cells are transfected with Transfection reagent containing media,
transfection reagent and three GMP plasmids.

The Transfection reagent consists of three GMP produced plasmids; the DNA
plasmid containing effective gene, and two DNA helper plasmids, p93 and pVSV-G, ina
calcium phosphate solution. The GMP plasmids are prepared by fully sequencing the DNA
plasmid, transfecting an E.coli strain with the DNA, and growing the E.coli to produce a
Master Cell Bank. A vial from the Master Cell Bank is used to express the DNA plasmid
which is puritied, aliquoted, and tested for sequence, purity, and sterility,

After the cell factories are transfected with Transfection reagent they are
incubated for approximately 20 hours, The transfection reagent is poured off and Growth
media is added to the cell factories. They are then incubated for an additional 24 hours before

haivest.

Vector purification and release testing

Viral vector is purified in compliance with good manufacturing practices
(GMP). The fluids containing vector are poured from the cell factories, pooled, and then filter
clarified through a 0.8/0.45 micron clarification filter. The clarified harvest is loaded on to an
anion exchange resin in a chromatography column. The ion exchange column is washed with
a low salt buffer and then the semi-purified vector is eluted with a 0.7 M NaCl buffer.

The elution buffer is then concentrated using a 500 kD tangential flow filter
(TFF) membrane and diafiltered with a low salt buffer to a concentration of 10X, A
benzonase endonuclease is added to the solution to remove residual DNA and incubated for
approximately 1 hour. The treated solution is further concentrated with the 500kD TFF
membrane for an additional 10X, and then diafiltered with the formulation buffer with
approximately ten (10) volumes, Following the diafiltration, the purified vector solution is
further concentrated from 10X to 20X as required. The final concentrate is filled into sterile
plasma bags with the desired volume, sampled, and then frozen to -80°C.

Samples are tested, and all documentation is reviewed, and approved before
the material is released. Vector release testing is performed as follows: purity is tested by
visual inspection (clear and colorless), pH (7.0-7.4), conductivity (4-7 mS/cm), fill volume (>
40 ml), total protein <0,70 mg/ml and benzonase (<100ng/ml or 0.1 ppm); identity is tested
by silver stained SDS-page and by RT-PCR specific for the construct/transgene; potency is
tested by titer on 293 cells (2.5 x 107 TU/ml); for safety, the vector is tested for gag DNA by
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gPCR (undetectable), and for RCL by VSV-G DNA and a biological RCL test (described
below); sterility testing includes endotoxin (<100 EU/ml), sterility (no growth), adventitious
virus (undetectable) and mycoplasma (undetectable); vector is also tested by p24 ELISA (0.1-
10 pg/ml). A separate C of A can be provided for each vector.

RCL Assay
Testing for recombination or replication competent lentivirus (RCL) is

performed in accordance with FDA guidelines for the testing for RCR, C8166 cells are
exposed to vector supernatant and passaged for 3 weeks. Culture supernatants are monitored
for p24 production by ELISA, and for persisting or increasing numbers of packaging DNA
measured by PCR. The test article for these assays, in accordance with the guidelines, is 5%
or 300 ml of culture supernatant, whichever is less and 10x10% end of production (EOP) cells.

Testing is performed at the National Gene Vector Laboratories at Indiana University.

Packaging, Shipment and Storage of the Vector

The first lots of vector is shipped to UPENN in accordance with City of Hope
shipping SOPs as described in the Lentigen DMF. Shipment of future vector lots may occur
from Omnia Biologics, Indiana University, or from Lentigen Corporation, depending on

where the GMP lot is manufactured.

Vector Stability Monitoring Plan

The potency of the vector is determined in each cell product by transduction
efficiency as measured by copy number and/or transgene expression levels. A stability
monitoring plan is not be put in place for the vector for this study at this stage because each
vector lot is individual and small in size. In addition, a stability testing plan requires that the
CVPF ship vector back to the manufacturing facility for titration using their standard assay,

The introduction of a shipping step to the stability testing introduces a variable.

Intended target cells of recombinant DNA, cells that are to be treated ex vivo

and returned to the patient, characterized of cells before and after treatment, and target cells

incorporation of the DNA:

The target cell product is autologous CD3+ autologous T lymphocytes. T

lymphocytes are enriched from a leukapheresis product by depletion of monocytes via
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counterflow centrifugal elutriation on the Gambro Elutra, which employs a single use closed
system disposable set. On day 0, the aFR T-body manufacturing process is initiated with
activation of T lymphocytes with anti-CD3/CD28 mAb coated magnetic beads, oFR vector is
added in split doses with 50% on day 0 and 50% on day 1. Vector transduction occurs
between days 0 and 3. On day 3, the cells are washed and media is replaced. Cultures are
typicatly expanded from 9-12 days, At culture harvest, cells are depleted of magnetic beads,
washed, concentrated, and cryopreserved.

At the start of culture, the enriched CD3+ T-cell culture generally contains
some amount of residual «FFR CAR+ cells (B cells ~5-10%), CD16+ (NK cells ~5-10%) and
CD 14+ cells (macrophages at~ <5%). Therefore, these cells are exposed to the vector during
transduction, and incorporate the recombinant transcript. After expansion in vitro, the final
cellular product is typically >90% CD3+ lymphocytes. Culture conditions don’t support
growth of macrophages or B cells, and by the end of the culture period B cells comprise
~<2%, and macrophages ~<1% of the total culture,

The method of ex-vivo transduction ensures that only peripheral white blood
cells enriched for lymphocytes are exposed to the vector. Any residual non-integrated vector
is washed away at day 3 during the expansion and again during the harvest and concentration
prior to formulation of the final cellular product. The vector cannot mobilize, even in the
presence of HIV, accordingly, there are no concerns regarding vertical or horizontal
transmission of the vector, or transmission to cells not present in the starting culture.

Below is a detailed description of the manufacturing process:

Cell collection and purification

On day 0 of the T-cell manufacturing process, non-mobilized peripheral blood
leukocytes is obtained through a leukapheresis collection. Approximately 10L is collected
and processed on the Baxter Amicus Cell Separator or equivalent to obtain a population of
approximately 5-15 x 107 white blood cells, The product is taken to the CVPF, where
samples are taken for bacterial and fungal cultures and phenotyping by flow cytometry. Cell
number is determined on the Coulter Multisizer 11T and viability is tested by trypan blue
exclusion assay. The apheresis product is then processed with the Gambro Elutra, which
utilizes counter-flow centrifugal force to separate cell populations based on size and density.
The Elutra operates as a closed system and the use of a disposable tubing set further

minimizes the risk of contamination. The lymphocyte fractions collected following the Elutra
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separation are combined and washed using the Baxter CytoMate, Cell Saver 5 or the COBE
2991 Cell Processor. Composition of the cell product (CD4+, CD8+, B-cell and
macrophages, etc) is assessed and tracked by flow cytometry performed on the post-Elutra
lymphoeyte fraction, and the monocyte fraction.

Following the cell enrichment process (day 0), the enriched lymphocytes are
activated with anti-CD3/anti-CD28 mAb coated magnetic microbeads at a 3:1 bead to cell
ratio, This optimal bead: cell ratio was previously determined (IND#6675 and Levine et al,,
1997). Enriched tymphocytes (via elutriation or positive selection) are stimulated with
Dynabeads conjugated with mouse anti-human CD3 and CD28 in static tissue culture flasks.
Transduction is performed on day 0 and day 1 of culture with a predetermined MOI (25
TU/cell of the FR vector for example) by addition of the «FR CAR lentiviral vector at 50% of
the total transduction MOI per day. The vector is washed away by media replacement in a
Baxter CytoMate Cell Processing System or Cell Saver 5 device on day 3 of culture. After the
vector wash off, the cell and bead mixture are seeded back into gas permeable tissue culture
flasks in fresh media and placed at a 37°C incubator with 5% CO, and >90% of humidity for
cultivation and further expansion. The cell culture is maintained in a closed system. Tubing
leads on the tissue culture flasks are connected or disconnected through a variety of sterile
tubing connecting devices and heat sealers (e.g. spike connectors, tubing welds from the
Terumo Sterile Connecting Device, heat seal from the Sebra Heat Sealer) to prevent the risk
of contamination, Cells are counted daily from day 3 to day 5 of culture. After 5 days of
cultivation, cells may be counted every other day, Fresh media is added to the culture to
taintain the cells at an appropriate density. During the log phase of cell growth, if needed,
cultures are transferred to the WAVE Bioreactor, where cell concentrations may reach 1 x 107
cells/ml or higher. Optimized cell culture conditions in both the WAVE Bioreactor 2/10 and
20/50 has been previously established (June IND 12799 and Hami et al., 2003, 2004). The
advantage of the WAVE is that T cells are grown at higher densities, which saves labor on
processing and during the cell harvest, For cell doses up to 1 x 10" the WAVE Bioreactor is

not needed,

Culture harvest and final formulation , cryopreservation

On the final day of the culture, cells are harvested and concentrated using the
Baxter Fenwal Harvester or an equivalent system. Before and after processing cells through

the Harvester, the cell product is placed on the Baxter MaxSep for removal of the anti-
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CD3/CD28 magnetic microbeads. «FR CAR T cells are resuspended in cryopreservation
media. Cells are frozen in bags using a controlled-rate fieezer, Cryopreserved oFR CAR T
cell products are stored in a monitored freezer at <-130°C.Each infusion bag can contain ~10-

50 mL of cells depending upon the size of the dose.

Cell purity and release testing

Release testing for aFR-CAR T cells is similar to previous similar gene
therapy cellular products manufactured for clinical trials at the Clinical Cell and Vaccine
Production Facility (ref June IND #6675, 8568, 12799, 13911). The aFR-CAR T cells are
tested and released based on cell viability (sentinel tube, >70%), % CD3+ cells (=80%),
residual bead count (<100 beads / 3 million cells), endotoxin (<3.5 EU/ml; the limit of 3.5
EU/mt was derived in the following manner; at a max volume of 100mls, cryopreserved cell
concentration of 100 x 10%ml equals a cell dose of 1 x 10 cells. 3.5 x 100 = 350EU, avg
person = 70kg, so limit is SEU/kg), vector copy number (>0.2 copies per cell), aFR CAR
expression (>20% expression by flow cytometry), VSV-G DNA (undetectable), RCL by
HIVgag DNA and p24 protein (negative), mycoplasma (negative), and bacteria/fungal

cuitures (no growth).

Structure of the added DNA sequences monitored and sensitivity of the

analysis.
Lentiviral vectors permanently modify the cell’s DNA by integrating a DNA

copy of their viral genome into ¢ellular DNA. Thus, these sequences can be monitored in vivo
by PCR of DNA isolated from PBMCs. A PCR assay has been developed that detects the
junction region between the CAR chimeric signaling domain, so that the genetic construct can
be distinguished from the endogenous signaling chains that exist in nature. This allows for

monitoring of the persistence of the vector modified cells in each patient.

Stability of the added DNA both in terms of its continued presence and its

structural stability.

For safety purposes, the average culture copy number per cell is limited to the
range of 0.2-5. The copy number after expansion is stable since the vector is stably integrated

into the cell’s DNA. Detection of vector copies in vivo after dosing may increase or decrease
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over time, as a result of the expansion, trafficking and persistence of the vector modified

cells,

The results of the experiments are now described.

EXAMPLE 1: Eradication of human ovarian cancer following adoptive transfer of genetically

modified a-folate receptor-specific T cells,

Human T cells expressed cell surface scFv Mov 19 40~50% after lentiviral
transduction (Figure 3). MOv19-{ and BB-{ transduced T cells demonstrated target-specific
release of IFN-g, TNF-a and TL-2 cytokines and cytotoxicity function when co-cultured with
FRo+ tumor cells, while T cells transduced with MOv19-AL or with GFP did not (Figure 4).
In an in vive Winn assay, MOv19-{ transduced T cells were able to inhibit the out growth of
FRa+ ovarian cancer (Figures 5 and 6). In contrast, T cells transduced with the MOv19-AC or
with GFP had no effect on tumor growth (Figures 5 and 6). Notably, in vivo anti-tumor
activity of MOv19 CAR was improved through provision of 4-1BB (CD137) signaling
(Figure 6). Furthermore, it is demonstrated that incorporation of the costimulatory domains
enhanced the persistence of T cells and is associated with improved anti-tumor efficacy in

vivo (Figure 7).

EXAMPLE 2: Efficiency of DNA delivery and target cell percentage containing DNA.

The lentiviral vector delivery system described is highly efficient in delivery of

genes to T lymphocytes. In preclinical experiments using the T-body constructs proposed for
this trial, it was routinely demonstrated > 60% transduction efficiency for the 0-FR-CAR
protein in CD4+ T cells transduced to express the oFR CAR with CD3 zeta and 4-1BB
signaling domains (Figure 8B). Lentiviral vectors are well known for their superior gene

transfer efficiency when compared to murine retroviral vector transduction efficiencies,

EXAMPLE 3. In vitro assessment of function.

Several preclinical studies have been carried to demonstrate the in vitro and in
vivo efficacy of the gene transfer system and its payload (Figure 9). To investigate the
antitumor potential of the transduced T cells, effector function was measured in standard
chromium release assays using «FR-negative AE17 cells, AE17.FR (a derivative engineered

to express aFR), and established human ovarian cancer cell lines, T cells transduced with
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oFR CAR efficiently lysed AE17.FR but did not kill parental AE17 cells. Importantly, the
aFR CAR-transduced T cells were also highly cytotoxic for carcinoma cells that express oFR,
killing human ovarian cancer SKOV3 cell lines. The inclusion of 4-1BB (CD137)
costimulatory domains in tandem or in triplicate with TCR-{ generally did not increase in
vitro cytotoxicity above that of T cells expressing oFR CAR TCR- only. The killing was
efficient, with plateau lysis occurring at a 10:1 E:T ratio during a 20-h culture (Figure 10)
suggesting that the redirected T cells were capable of serial killing. Moreover, the lysis was
specific because T cells transduced with GFP or an irrelevant CD19-CAR showed no
cytotoxic activity against the same target cells, excluding alloreactivity or nonspecific lysis.
Furthermore, T cells expressing a truncated TCR-( intracellular domain (aFR-Az) also failed
to kill aFR-expressing targets, demonstrating the requirement for an intact TCR-( signaling
domain. CAR+ T cells were co-incubated with a panel of tumor cell lines and the amount of
secreted effector cytokine IFN-g was determined. CAR+ T cells recognized FRa + tumor
lines SKOV3 and A1847 and secreted IFN-g at very high levels. A moderate level of IFN-g
was observed in co-incubated with the OVCAR3 and A2780, which express FRa at moderate
level. A low level of TFN-g was observed in co-incubated with the C30 and PEO-1 cell line,

which was negative for aFR expression by FACS analysis (Figure 9 bottom).

EXAMPLE 4: In vivo assessment of function Winn assay.

As an initial test of in vivo antitumor activity of the «FR CAR constructs,
Winn assay was performed by the s.c. injection of a ¢FR+ human ovarian cancer cell line
SKOV3 expressing Luciferase (1 x 10° cells/mouse) mixed with CAR expressing T cells
(1x10%ells/mouse). The animals were imaged after inoculation and every 10 days to evaluate
tumor growth, and photon emission from luciferase-expressing cells was quantified using the
“Living Image” software (Xenogen). No effect was observed on the tumors growth in mice
treated with either GFP or aFRCAR dz transduced T cells (Fig. 1 1A). In these control groups,
animals started to develop a tumor at approximately day 30 after inoculation with all animals
developing tumor by day 40 (Fig. | 1B). By contrast, mice injected with aFFR CAR-z or BBz
bearing T cells inhibited tumor outgrowth equally until day 30 after inoculation
demonstrating a requirement for an intact TCR CD3 zeta signaling domain in Winn assay.
However, after another 10 days, all mice from oFR CAR CD3 zeta group had detectable

tumor (4/4), whereas only 3/5 mice from the BBz group had tumors. These tumors are
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substantially smaller than the CD3zeta group tumors. These data show that incorporation of

4-1BB(CD137) into FRa. CAR could enhance anti-tumor activity in vivo.

EXAMPLE 5: Xenograft model

To further explore the potential antitumor efficacy of the aFR-CAR constructs,

a xenograft mode! using SKOV3 Luc tumor cells was developed. 6 to 12-week-old female
NOG mice were inoculated s.c. with 3 x 10° SKOV3 Luc cells on the flank on day 0. After
tumors become palpable about 1 month, human primary T cell (CD4+ and CD8+T cells used
were mixed at 1:1 ratio) were activated, and transduced as described above. After 2 weeks T
ell expansion, when the tumor burden was 200~300 mm3, the mice were treated with T cells
(~40%—50% transgene-positive), The route, dose, and timing of T-cell injections is indicated
in the individual figure legends. Tumor dimensions were measured with calipers, and tumor
volumes calculated using the formula ¥ = % (length xwidth?), where length is greatest
longitudinal diameter and width is greatest transverse diameter, Tumor-bearing mice were
treated with intratumoral injections of 20 x 10° T cells (~40%—50% transgene positive) on
day 40 and 45 post tumor inoculation. Human donors were used to generate the transduced T
cells. All the mice in the saline group, which did not receive cell based therapy, showed
continued tumor growth. Similarly, the mice receiving «FR CAR dz with signaling deficiency
or GFP transduced T cells showed continued tumor growth beyond the time of T cell transfer.
The mice receiving oFR CAR-z T cells showed slowed tumor growth which was no
significantly different when compared to all three control group (Fig.12 A, C), The mice
receiving «FR CAR BBz T cells displayed rapid tumor regression compared to all other the
groups, suggesting that 4-1BB signaling mediate enhanced antitumor responses in vive,

In order to evaluate the effect of different routes of administration, the tumor
bearing mice were also treated using aFR CAR BBz transduced T celis by intravenous (1.v.),
intraperitoneal (i.p.) injection and intratumoral (i.t.) injection. Following i.v. and i.p.
injections, a potent antitumor effect was again observed (Fig.12 B,D), but showed about 7
days delayed reduction in tumor mass compare to the intratumoral route of administration
(Fig.12 B). The intratumoral injection appears to be the superior route of administration,

marginally faster than i.v.and i.p,

EXAMPLE 6: Persistence of human T lymphocytes after transfer,
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Next, the persistence of the engineered T cells in all mice was determined.
Peripheral blood was obtained on day 74, 4 weeks after the last adoptive T cell transfer, and
quantified for the presence of CD4 and CD8 T cells. The CD4+ and CD8+ T cell counts were
highest in mice after injection with BBz CAR+ T cells by IT, IP and IV route compared to
gfp, «FR CAR dz and the CD3zeta group (Figure. 13). Notably, the counts of CD4+ and
CD8+ T cells in BBz group was significantly higher than z group (P < 0.01), while the total T
cell counts in the z group is similar with other control groups including saline group without

T cells injection (p>0.05).

EXAMPLE 7: Antigen specific model,

Having shown that «FR CAR containing 4-1 BB mediate enhanced survive of

T cells and increased anti-tumor activity /n vivo, it was next sought to determine whether the
oFR CAR anti-tumor activity is antigen specific. A CD19 specific CAR also containing 4-
1BB singling domain was evaluated in the xenograft model. On week 6 after establishing the
tumor, tumor-bearing mice were treated with intraturnoral injections of 20 x 10° T cells
(~40%-50% transgene positive) on day 40 and 45, Following treatment, a rapid reduction in
tumor mass was observed in oFR CAR BBz group (Figure 14A). In contrast, the tumor grew
progressively in mice treated with T cells expressing GFP or CD19 CAR group. Thus, oFR
CAR BBz eradication of SKOV3 tumor is antigen-specific because the CD19 CAR also
containing a 4-1BB co-stimulatory signaling domain displayed no antitumor activity (Figure
14 A, B). Mice treated with intratimoral oFR CAR BBz had significantly higher (P < 0.05)
T-cell counts than the intratumoral anti-CD19 group, suggesting that tumor antigen drives the

expansion of the adoptively transferred T cells in vivo (Figure 14,C).

EXAMPLE 8: Infraperitoneal mode! of human ovarian cancer.

In the previous experiment, it was demonstrated that local injection of CAR T
cells results in eradication of established tumor in vivo, 1t was further determined the
antitumor activity of oFR-specific T cells in an intraperitoneal model, because ovarian cancer
is a disease usually confined to the peritoneal cavity, After 30 days, TP inoculation 5x10°
SKOV3Luc cells efficiently produced peritoneal carcinomatosis (Figl5.C). A swollen
abdomen, indicative of ascites formation and heavily peritoneal carcinomatosis, was observed

within 1 to 3 weeks after T cells expressing CD19 CAR BBz transfer via IV or IP route
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(Figl5.A). These mice developed marked bloody ascites (5~8ml) and multiple nodular
peritoneal tumors and had to be euthanized within 1 to 3 weeks after T cell injection due to
abdominal distention. While all the mice treated with «FR CAR BBz did not form ascites and
exhibited enhanced survival (Fig 15B.). 60% (3/5) and 40% (2/5) mice bearing SKOV3 tumor
remain alive by 10 weeks following oFR CAR BBz T cell transfer via IP and IV route,
respectively, Thus, oFR CAR BBz specific T cells inhibit tumor growth and ascites formation
in SKOV3 murine model of peritoneal carcinomatosis, Importantly, «FR CAR BBz specific

T cells improve the survival time,

EXAMPLE 9: Lung metastatic model of human ovarian cancer.

Occasionally, ovarian cancer patients present with aggressive disease,
manifested by parenchymal liver or lung metastases, or develop metastases to such distant
sites as the brain during disease progression, For the generation of a lung metastatic model of
ovarian cancer, 8—12-week-old NOG mice were i.v. injected with 2 x 10°® SKOV3 Luc cells
(in 200 pl PBS) on day 0, After evidence of tumor establishment in the lungs on day 3,
animals were treated with tail-vein injections of 15 x 10° either oFR CAR BBz T cells or
CDI9 CAR BBz T cells on day 3 and day 8(in 200 pl PBS). This route tumor inoculation
established progressive lung metastases in 100% of mice, as judged by bioluminescence
imaging (Figure 16 .Top), In CD19 CAR T cells treated mice, tumors progressively grew in
all animals, In contrast, injections of «FR CAR BBz-specific T cells resuited in rapid
regression of lung metastasis in all treated animals (# = 5) (Figure 16.day14), 80% (4/5) of
mice had no evidence of tumor recurrence after >2 months of follow-up. One animal had
recurrent lung metastasis and was euthanized on day 70. Thus, adoptive transfer of oFR-

specific T cells offers the possibility of regression of lung metastases,

EXAMPLE 10: Relevance to human application

The above studies demonstrate the functionality of the constructs in vivo and
in vitro. The multiple human ovarian cancer cell lines such as SKOV3, A1847, OVCAR3,
C30, A2780 and PEO-1 were used in vitro experiment (see Figure 9 bottom). This approach
was also in a preclinical xenograft model using human ovarian cancer cell line SKOV3 Luc.

A possible difference between the in vitro system and the proposed human treatment is that
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the in vitro experiments were done on cell lines, which may not reflect the tumor cells in
vivo.

The ovarian cancer model used is an orthotopic human xenograft and thus
similar to the human ovarian cancer disease that spreads intraperitoneally. A possible
difference with human disease is that this model is extremely aggressive, Another obvious
difference is that the model is developed in an immunodeficient host, while human ovarian
cancer develops in immunocompetent individuals, although patients with ovarian cancer may

exhibit elements of suppression of cellular immunity.

EXAMPLE 11: Minimal level of gene transfer and/or expression that is estimated to be

necessary for the gene transfer protocol to be successful in humans and determination of

minimal level.

A copy number release specification of 0.2-5 for the final cellular product has
been achieved. This specification is above what has been routinely achieved with lentiviral
vectors, and the number represents a range that is expected to demonstrate activity while
minimizing unnecessary risk from extensive insertions. For Stratum 1, a single infusion of
3x10” CAR T cells/m? LT, can be administered as the lowest dose where as for Stratum 2,
CAR T cells dosed by L.V, infusion using a “split dose” with 3x108 CAR T cells/m? as the
lowest dose. Final products can be tested for percent transduction by flow cytometry, and the
numbers of transduced cells can be recorded after harvest and at baseline, immediately after
infusion,

A major goal of the clinical frial is to establish an optimal biologic dose for the
aFR-CAR T cells, The purpose of'this pilot trial is to evaluate the safety, tolerability and
differential survival and trafficking of cells modified with the aFR-CAR. The numbers of
patients proposed can be sufficient to reach this endpoint, as supported by the statistical

analysis plan in the protocol.

EXAMPLE 12: Effectiveness of the delivery system in achieving the minimally required level

of gene transfer and expression.

For data demonstrating the in vitro efficiency of transduction of the oFR
constructs, please refer to Figure 8, for animal data please refer to Figure 11, 12, 13, 14,

Efficient transduction of CD3/28 stimulated autologous T cells using lentiviral vector
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technology at clinical scale using a lentiviral vector in a pilot clinical trial has been

demonstrated. A similar method can be used for the proposed study.

EXAMPLE 13: Gene-specific expression

The lentiviral vector used for this study only encodes a single protein, which is

the transgene of interest, Therefore, no other genes are expressed by the vector other than the
transgene, In previous lentiviral vector study, a conditionally replicating viral vector, which
used the native LTRs as promoters was used. There is very low basal activity in these
promoters in the absence of tat, and therefore little read through into neighboring genes was
expected, except in the context of HIV infection. An analysis on insertion site patterns in the
five patients treated was performed on the original transduced ceflular product. It was found
that the vector inserted into genes in a pattern similar to that observed with other lentiviral
vectors, including SIN vectors, The location of insertion was as expected for lentiviruses,
which is predominantly in gene-rich regions (Figure 3b of Levine et al, 2006). The vector
inserted into transcriptionally active genes distributed throughout the coding region. These
findings were confirmed in a more recent publication evaluating the insertion site patterns
longitudinally in patients who received lentiviral vector transduced T cells. No selection for
integration sites was detected indicating that there is no functional modification of onco- or
tumor suppressor genes,

The vector used in the proposed study can be a SIN vector with a
constitutively active internal promoter as described in Figures 6 and 7. A recent study
evaluated transcriptional activity of SIN vectors and their effect on activation of oncogenes,
in direct comparison to a murine retroviral vector with intact LTRs, in the context of a tumor
prone mouse model. Molecular analysis of the genes in tumors developing in the mice did
not support oncogene transcriptional activation by the SIN vectors, although the murine
retroviral vectors induced oncogene activation in myeloid tumor subsets. This is a result of a
greater enhancer effect from the MLV LTR, and the insertion pattern of the MLV vector,
which dominates in the 5’ control region of genes where it is more likely to modulate gene
expression,

Although transcriptional activation of neighboring genes is possible in cells
transduced with SIN lentiviral vectors, the frequency of the event appears to be much lower

than with MLV vectors. It is worthwhile to note that the natural experiment has been
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conducted in HIV infection, where T cell leukemia is not a known side effect of infection

with the wild type lentivirus,

EXAMPLE 14: Cell expression of DNA insert and percentage of normal activity.

Expression of the transgene is under the control of the ubiquitous mammalian
ef-la promoter which has previously been shown to have optimal transgene expression in T
cells, and therefore expression in all transduced cells was observed.

The transduced T-cells ready for infusion are biologically active. In preclinical
data in NOG mice, expression of «FR constructs in transduced cells persisted in the mouse
models till day 74 (see Figure 13). In patients, persistence of transduced T cells by monitoring

peripheral blood by both PCR and flow cytometry can be tested throughout the trial.

EXAMPLE 15: gene mis-expression

An advantage of the ex vivo manufacturing process is that the cells exposed to
the vector can be carefully controlled. As a result, the oFR CAR constructs can only be
expressed in cells targeted by the vector during cell processing. Since the T lymphocytes are
isolated by negative selection, a small percentage of monocytes and B cells can be present in
the culture during transduction. Monocytes are not present in the final product but a small
percentage of B cells may remain (<2%).

In the first lentiviral vector trial, the phenotype of the final product averaged
93.4% (range 80 to >99%) CD3+ T cells. A similar target population in the present protocol

is expected.

EXAMPLE 16: Production of retroviral particles

293 cells and primary T cells have been transduced with the lentiviral vector

preparation, The vector is a third generation self inactivating (SIN) vector and does not
contain any viral proteins and is replication incompetent. Therefore, no infectious particles
are produced by cells that have been transduced with the vector,

Vector is produced in 2937 cells by transient transfection. The release test for
the lentiviral vector preparation includes a sensitive biological assay for a replication
competent lentivirus (RCL). Although the chances of generation of an RCL are negligible

due to the lack of accessory proteins and homology regions in the production system, this
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final biological assay provides functional evidence to the lack of any replicating moiety in the
vector preparation.

To date, no RCL has been detected in any GMP vector lots from prior and
ongoing clinical trials, More importantly, there is no evidence of RCL in any of the 23
patients that have been freated so far with lentiviral vector modified cells. Development lots
and GMP lots of the vectors for the proposed study are in progress and can be tested for RCL
in accordance with FDA Guidelines.

For the previous clinical study using a conditionally replicating viral vector,
the stability of the vector in primary CD4 T cells was examined and it was demonstrated that
the vector copy number is stable for the duration of the experiment (Figure 17), If significant
rearrangement of the vector had occurred, then this would have been reflected in changes in
the vector copy number, It is important to note that the vector copy number in the experiment
remained stable even though the cells expanded over 1000-fold, since these expetiments
showed no decrease in vector copy number, as measured by TaqMan PCR (sensitivity of 1
copy per reaction that contains 10,000 to 30,000 cells).

A stability study for this vector was also carried out in primary T cells to
evaluate the stability of the vector from production to transduction (i.e. a single reverse
transcription step). Sequencing of the entire vector genome showed 100% fidelity between
the production vector and the provirus in the transduced cells. Although the error rate for
reverse transcription is about 1 in 10,000, resulting in approximately 1 error on average for
every 2 proviruses, when a transduced cellular population is taken together, such mutations
likely fall into the background as noise, thus providing an overall picture of 100% fidelity.
Since there is only a single round of reverse transcription for each vector, the effect of the
mutation rate on the function of the transcript should be negligible. In order to minimize
instability of the vector, the tFR-CAR vectors have been designed such that they have no
direct or inverted repeat elements.

No information exists as to whether these vectors could recombine with an
endogenous retro-clement present in human cells, However, considerable knowledge exists
about the parental wt-HIV genome and how it replicates in human cells. To date there has
been no description of a productive recombination event between wt-HIV and an endogenous
retroviral element, even though 40 million humans are infected with the virus, Given the
occurrence of this hypothetical recombination event, the issue becomes whether it would

result in the generation of a recombinant with greater pathogenicity than wt-HIV. If this
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occurs, then it would likely have already occurred in the infected population. The fact that no
such event has been described in the worldwide infected population suggests that if a
recombination event between wt-HIV and an endogenous sequence occurs, then the resulting

recombinant is rare or is not pathogenic in humans,

EXAMPLE 17: Laboratory evidence concerning potential harmful effects of

the transfer (e.g., development of neoplasia, harmful mutations, regeneration of infectious
patticles, or immune responses)

To date there are no reports of tumorigenesis caused by an HIV-derived

lentiviral vector. A recent report by Montini et al (Montini et al., 2006) provides evidence
supporting the relative biosafety of SIN lentiviral vectors in terms of genotoxicity. Although
it remains theoretically possible that HIV-derived lentiviral vectors could cause insertional
oncogenesis, to date no data exist to support this theory.

The vector used in the proposed studies is a SIN vector, which has been
meticulously designed to contain only the minimal genetic elements required for function,
and no vector proteins for maximum Biosafety (Dull et al., 1998). Vector is manufactured and
purified under good manufacturing conditions, in a manner consistent with FDA requirements
for purity as specified in the 2006 FDA Guidance on RCR testing, the US Pharmacopeia
Guidance on Cell and Gene Therapy Products, and the CFR regulations on Pharxﬁaceutical
and Bulk Chemical GMPs,

~ In the present application, the vector is used ex vivo and therefore is less likely
to induce an immune response. However, in the ongoing Phase I/II ¢linical trial, it was
observed that generation of antibodies to the vector envelope protein in 50% of patients after
the third dose of vector modified cells. Since the dosing schedule is biweekly, it is possible
in some or all patients that the immune response was generated as early as by the second
infusion. It was not believed that a single infusion would generate an antibody response since
none of the patients in the single dose Phase I clinical study became positive for VSV-G Ab
(Levine et al., 2006). Generation of antibody to VSV-G did not impact the persistence of
vector modified cells in the patients, nor did it coincide with adverse events in the patients.

Therefore, the development of VSV-G antibodies has little to no detectable clinical impact. In

_the proposed clinical study, two infusions per patient are given, Therefore, it is possible to

observe an antibody response to VSV-G in this trial.
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EXAMPLE 18: Animal studies for pathogenicity

Extensive biodistribution and biotoxicity studies were performed for the first
lentiviral vector clinical trial, For the biodistribution study, a total of 192 mice were divided
into four groups of 48 mice who received a 0.3 ml tail vein injection of the following:
infusion media alone (group 1), 20 million mock transduced human T celis (group 2),
300,000 vector transduced human T celis (group 3) or 20 million vector transduced human T
cells (group 4). Male and female mice were tested separately. Mice were analyzed at days 2,
15, 30, 91, and 123, and mice were evaluated for in-life parameters which included mortalit;;',
clinical observations/physical examinations, and body weights. The study showed that vector
transduced human T cells had no effect on mortality, clinical observations or body weights,
No mice developed T cell tumors. The presence of vector sequences was assessed by PCR.
On days 2 and 30, vector sequences were present in all tissues tested from groups 3 and 4. By
day 91, only lung, liver, spleen and tail from four mice were positive for vector, and by day

123 no vector was detected (Table 1).

Day
Tissue Day2 | Day30 | Day91 | 123
Heart 100% | 30% * *
Gonads
(testes/ovaries) 80% 50% * *
Liver 100% | 90% 10% *
Inguinal lymph
node 90% 20% * *
Bone Marrow 100% | * * *
Lung 100% | 40% * *
Spleen 100% | 10% 10% *
Tail 100% | 40% 16% *
Blood 100% | 40% * *

Table 1. Results from a biodistribution study evaluating lentiviral vector-transduced human T cells in
immunodeficient mice. Shown are the resuits from the mice given the highest dose of transduced cells (20
million human CD4 cells per mouse 1.v.) as deseribed in the text. Male and female mice are combined for n=10
per timepoint, *, no vector detected,

In other experiments, the biotoxicity of lentiviral vector modified T cells was
evaluated a total of 144 mice divided into four groups of 36 mice per group who received a

tail vein injection of 0.3 ml divided into the same groups as listed above. Male and female

mice were tested separately. Mice were evaluated for mortality, clinical
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observations/physical examinations, body weights, clinical pathology results, gross pathology
findings, organ weight data, bone marrow evaluation, and histopathology results. The results
from this study were that vector transduced human T cells were not associated with any
toxicity, and had no effect on any of the parameters evaluated.

The vector used for the proposed study is different in structure and payload,
however the lentiviral transduced cellular vehicle (human T cells) is anticipated to behave in
a similar manner in the mouse model,

The genotoxicity of SIN vectors has recently been tested in a tumor prone
mouse model, and no toxicity could be detected within the sensitivity of the model, although
toxicity with a murine retrovirus vector was detected. Studies for tolerability of the «FR -
CAR cells can only be accurately determined in an early phase clinical trial, as even in the
humanized mouse model, antigen, T cell trafficking, and tumor antigen expression across
various tissues can be different in the animal model.

‘There is no evidence to support vector DNA mobilizing or entering untreated
cells. In the biodistribution study described above, the vector sequence was only detected in
vivo in mice in conjunction with human cell markers, indicating that it did not mobilized to
non-targeted cells. Gonads in mice did not have detectable vector sequences at days 91 or
123 (end of study) (Table 1). This can be evaluated as well in the planned biotoxicity and
biodistribution study for the FR CAR,

All preclinical animal studies have been conducted in the immunodeficient

NOD/SCIDy-/- (NSG) human xenotransplantation animal model.

EXAMPLE 19: In Vivo Persistence, Tumor Localization, and Antitumor Activity of CAR-

Engineered T Cells Is Enhanced by Costimulatory Signaling through CD137 (4-1BB)

Human T cells engineered to express a chimeric antigen receptor (CAR})

specific for folate receptor-a (FRa) have shown robust antitumor activity against epithelial
cancers in vitro but not in the clinic because of their inability fo persist and home to tumor in
vivo. In this study, CARs were constructed containing a FRu-specific scFv (MOv19) coupled
to the T-cell receptor CD3( chain signaling module alone (MOv19-C) or in combination with
the CD137 (4-1BB) costimulatory motif in tandem (MOv19-BBC(). Primary human T cells
transduced to express conventional MOv19-( or costimulated MOv19-BBL CARs secreted
various proinflammatory cytokines, and exerted cytotoxic function when co-cultured with

FRu' tumor cells in vitro. However, only transfer of human T cells expressing the
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costimutated MOv19-BB{ CAR mediated tumor regression in immunodeficient mice bearing
large, established FRa"™ human cancer. MOv19-BB{ CAR T-cell infusion mediated tumor
regression in models of metastatic intraperitoneal, subcutaneous, and lung-involved human
ovarian cancer. Importantly, tamor response was associated with the selective survival and
fumor localization of human T cells in vivo and was only observed in mice receiving
costimulated MOv19-BB{ CAR T cells. T-cell persistence and antitumor activity were
primarily antigen-driven; however, antigen-independent CD137 signaling by CAR improved
T-cell persistence but not antitumor activity in vivo. Results described herein show that anti-
FRa CAR outfitted with CD137 costimulatory signaling in tandem overcome issues of T-cell
persistence and tumor localization that limit the conventional FRa T-cell targeting strategy to
provide potent antitumor activity in vivo.

As described herein, the issue of limited FRu-specific T-cell persistence and
tumor activity in vive is addressed through the introduction of the CD137 costimulatory
signaling domain into a FRa-specific CAR and studied the role of CD137 signaling in FRa-
directed CAR T-cell therapy of human cancer. Compared with “first-generation” CAR that
provide CD3( signaling to T cells but lack cis costimulatory signaling capacity, T cells
expressing FRa-specific CAR with a CD137 signaling domain in tandem showed minimally
improved antitumor activity in vitro, but markedly superior tumor regression capacity in

established human ovarian cancer xenograft models, which was associated with enhanced T-

.cell persistence and tumor localization in vive. Tumor regression and T-cell persistence were

both attainable by various routes of T-cell infusion, and intravenous (i.v.) cell infusion
mediates the regression of human cancer in xenograft models of advanced intraperitoneal
(i.p.), subcutaneous (s.c.), and lung-involved metastatic disease. T-cell persistence and tumor
activity in vivo were largely antigen-driven; however, provision of CD137 signaling in the
absence of specific antigen recognition by CAR could improve T-cell persistence but not
antitumor activity in vivo. Incorporation of the CD137 signaling domain in FRa-specific
CARs thus overcomes the limitation of past CAR approaches by improving the persistence of
transferred T cells in vivo, and bolstering their accumulation in tumor and antitumor potency,

The materials and methods employed in these experiments are now described.

Materials and Methods

Anti-FRu chimeric immune receptor construction
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The chimeric immune receptor backbone constructs were generated as
previously described (Carpenito et al., 2009, Proc Natl Acad Sci USA 106:3360-65). The
anti-FRa scFv sequence was derived from MOv19 (Miotti et al.,, 1987, Int J Cancer 39: 297-
303; Figini et al., 1998, Cancer Res 58(5):991-6), a monoclonal antibody directed against
FRa. The MOv19 scFv has been fully characterized (Figini et al., 2009, Cancer Immunol
Immunother 58(4):531-46; Melani et al., 1998, Cancer Res 58: 4146-54) and was amplified
using the following primers:

5’- GCGGGATCCTCTAGAGCGGCCCAGCCGGCCATGGCCCAGGTG -3’ (SEQ
ID NO: 24) (Bam-HI is underlined) and

5’-GCGGCTAGCGGCCGCCCGTTTTATTTCCAACTTTGTCCCCCC -3° (SEQ ID
NO: 25) (Nhe-1 is underlined)
and then cloned into the CAR backbone vector. The scFv PCR product was digested with
BamH]I and Nhel endonucleases and gel purified before ligation into the pCLPS vector, a
third generation self-inactivating CMV promoter based lentiviral expression vector based on
pRRL-SIN-CMV-eGFP-WPRE (Dull et al., 1998, J Virol 72(11):8463-71). The anti-CD19-
BB{ CAR construct has been previously described (Milone et al., 2009, Mol Ther 17:1453-
64). High-titer lentiviral vectors were produced and concentrated 10-fold by
ultracentrifugation for 3 h at 26,000 rpm as previously described (Parry et al., 2003, ]
Immunol 171:166-74).

Cell lines

Lentivirus packaging was performed in the immortalized normal fetal renal
293T cell line purchased from ATCC. Human cell lines used in immune based assays include
the established human ovarian cancer cell lines SKOV3, A1847, OVCAR3, C30, and PEO-1,
For bioluminescence assays, target cancer cell lines were transfected to express firefly
luciferase (fl.uc), enriched by antibiotic selection positive expression by bioluminescence
imaging. For specificity controls, the mouse malignant mesothelioma cell line, AE17 was
transduced with lentivirus to express FRO(AE17 FRa), CD19-expressing K562
(CD19+KS562) cells, a human erythroleukemic cell line, were obtained (Milone et al., 2009,
Mol Ther 17:1453-64). 293T cells and tumor cell lines were maintained in RPMI-1640
(Invitrogen) supplemented with 10% (v/v) heat-inactivated FBS, 2 mM L-glutamine,
100pg/mL penicillin and 100U/mL streptomyein. All cell lines were routinely tested for

mycoplasma contamination.

69



10

15

20

25

30

WO 2012/099973 PCT/US2012/021738

Human T cells

Primary human CD4" and CD8" T cells, which were purchased from the
Human Immunology Core at University of Pennsylvania, were isolated from healthy
volunteer donors following leukapheresis by negative selection. All specimens were collected
under a protocol approved by a University Institutional Review Board, and written informed
consent was obtained from each donor. T cells were cultured in complete media (RPMI 1640
supplemented with 10% heat inactivated FBS, 100 U/mL penicillin, 100 pg/mL streptomycin
sulfate, 10 mmol/L. HEPES), and stimulated with anti-CD3 and anti-CD28& monoclonal
antibodies (mAb)-coated beads (Invitrogen) as described (Levine et al., 1997, ] Immunol
159:5921-30). Twelve to twenty-four hours after activation, T cells were transduced with
lentiviral vectors at multiplicity of infection of approﬁimately 5to 10. CD4" and CD8" T cells
used for in vivo experiments were mixed at 1:1 ratio, activated, and transduced. Human
recombinant interleukin-2 (IL.-2; Novartis) was added every other day td a 50 IU/ml final
concentration and a cell density of 0.5 x 10%to 1 x 10° cells/mL was maintained, Once T cells
seemed to rest down, as determined by both decreased growth kinetics and cell sizing by
using the Multisizer 3 Coulter Counter (Beckman Coulter), engineered T-cell cultures were

adjusted to equalize the frequency of transgene expressing cells prior to functional assays.

Flow cytometric analysis
The following MAbs were used for phenotypic analysis: APC-Cy7 Mouse

Anti-Human CD3; FITC anti-human CD4; APC anti-human CD8; PE-anti human CD435. All
mAbs were purchased from BD Biosciences PharMingen. In T cell transfer experiments,
peripheral blood was obtained via retro-orbital bleeding and stained for the presence of
human CD45, CD4, and CD8 T cells. After gating on the human CD45+ population, the
CD4+ and CD8+ subsets were quantified using TruCount tubes (BD Biosciences) with
known numbers of fluorescent beads as described in the manufacturer’s instructions. Tumor
cell surface expression of FRa was detected by Mov18/ZEL antibody (Enzo Life Sciences).
FRo, specific CAR expression was detected by PE conjugated goat anti-mouse 1gG F(ab');
(specific for scFvs of murine origin) that was purchased from Jackson ImmunoResearch, For
intracellular staining, cells were fixed, permeabilized, and stained with PE-conjugated anti-
Bel-X;, antibody (Southern Biotech). Isotype matched control Abs were used in all analyses.

Flow cytometric data were analyzed by FlowJo software,
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Cvtokine release assavs

Cytokine release assays were performed by co-culture of 1x10° T cells with
1x10° target cells per well in triplicate in 96-well round bottom plates in a final volume of
200 pl of T cell media. Afier 20~24 hr, co-culture supernatants were assayed for presence of
IFN-v using an ELISA Kit, according to manufacturer’s instructions (Biolegend). Values
represent the mean of triplicate wells. IL-2, IL-4, IL-10, TNF-o cytokines were measured by
flow cytometry using Cytokiné Bead Array, according to manufacturer’s instructions (BD

Biosciences).

Cytotoxicity Assavs

For the cell based bioluminescence assay, 5x10* firefly Luciferase expressing
(fLuct) tumor cells were cultured with complete media in the presence of different ratios of
transduced T cells using a 96-well Microplate (BD) Biosciences). After incubation for 18-20
hours at 37°C, each well was filled with 50 pul DPBS resuspended with 1l D-luciferin (0.015
g/mi) and imaged using a Xenogen IVIS Spectrum. Percent tumor cell viability was
calculated as the mean luminescence of the experimental sample minus background divided
by the mean luminescence of the input number of target cells used in the assay minus
background times 100. All data are represented as a mean of triplicate wells. SICr release
assays were performed as described (Johnson et al., 2006, J Immunol 177(9):6548-59), Target
cells were labeled with 100pCi 51Cr at 37°C for 1.5 hours, Target cells were washed three
times in PBS, resuspended in CM at, 10’ viable cells/mL and 100pL added per well of a 96-
well V-bottom plate. Effector cells were washed twice in CM and added to wells at the given
ratios. Plates were quickly centrifuged to settle cells, and incubated at 37°C in a 5% CO,
incubator for 4 or 8 hours after which time the supernatants were harvested and counted using
a 1450 Microbeta Liquid Scintillation Counter (Perkin-Elmer). Percent specific lysis was
calculated as (experimental - spontaneous lysis / maximal - spontaneous lysis) times 100. For
gfp target cell lysis aésays, transduced T cells were co-cultured at various effector to target
ratios for 24hrs with 5 x 10* gfp expressing AE17 or AE17.FRo: cells and photographed
under fluorescent microscopy. Target cell lysis was indicated by imaging reduction in gfp-

labeled adherent fumor cells.
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Xenografl model of ovarian cancer

Mouse studies were carried out as previously described (Carpenito et al., 2009,
Proc Natl Acad Sci USA 106:3360-5, Milone et al., 2009, Mol Ther 17:1453-64) with
modifications detailed herein. All animals were obtained from the Stem Cell and Xenograft
Core of the Abramson Cancer Center, University of Pennsylvania. Eight to 12-weekold
NOD/SCID/y-chain-/- (NSG) mice were bred, treated and maintained under pathogen-free
conditions in-house under University of Pennsylvania IACUC approved protocols. For an
established ovarian cancer model, 6 to [2-week-old female NSG mice were inoculated s.c.
with 3 x 10° SKOV3 fLuct cells on the flank on day 0. After tumors become palpable at
about | month, human primary T cell (CD4+ and CD8+T ceils used were mixed at 1:1 ratio) .
were activated, and transduced as described elsewhere herein. After 2 weeks T cell expansion,
when the tumor burden was ~200-300 mmS, mice were treated with T cells. The route, dose,
and timing of T-cell injections are indicated elsewhere herein. Tumor dimensions were
measured with calipers, and tumor veolumes calculated using the formula ¥ = 1/2(length x
width?), where length is greatest longitudinal diameter and width is greatest transverse
diameter. Animals were imaged prior to T cell transfer and about every week thereafter to
evaluate tumor growth. Photon emission from flLuc+t cells was quantified using the “Living
Image” software (Xenogen) for all in vivo experiments. Tumors were resected immediately
after euthanasia approximately 40 days after first T cell dose for size measurement and
immunohistochemistry. For the intraperitoneal model of ovarian cancer, 8 to 12-week-old
NSG mice were injected i.p. with 5 x 10° SKOV3 fLuc+ cells. Thirty days after peritoneal
inoculation, mice bearing well-established SKOV3 tumors were divided into groups and
treated. Mice were sacrificed and necropsied when the mice became distressed and moribund.
Lung metastases were established by injecting 2 x 10° SKOV3 fLuc+ cells into the tail vein
of female NSG mice. After evidence of tumor establishment in the lungs on day 3, animals
were treated with tail-vein injections of engineered T cells on day 3 and day 8. To monitor the
extent of tumor progression, the mice were imaged weekly or biweekly and body weights of
the mice were measured. In all models, 4-5 mice were randomized per group prior to

treatment,

Bioluminescence imaging
Tumor growth was also monitored by Bioluminescent imaging (BLI). BLI was

done using Xenogen IVIS imaging system and the photons emitted from fLuc-expressing
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cells within the animal body were quantified using Living Image software (Xenogen). Briefly,
mice bearing SKOV3 fLuc+ tumor cells were injected intraperitoneally with D-luciferin (150
mg/kg stock, 100 pL of D-luciferin per 10 grams of mouse body weight) suspended in PBS
and imaged under isoflurane anesthesia afier 5~10 minutes. A pseudocolor image
representing light intensity (blue, least intense; red, most infense) was generated using Living

Image, BLI findings were confirmed at necropsy.

Immunochistochemistry

Mice were euthanized by CO; inhalation and tumors were collected in Tissue-
Tek O.C.T. Compound, and frozen at -80°C. A standard Strept-avidin horseradish
immunoperoxidase method was used for human CD3 staining. Primary and secondary
antibodies were diluted in buffer confaining 10% normal goat serum. 7 pm cryosections were
fixed in cold acetone for 5 min at 4°C and blocked with Dako’s (Carpentaria, CA) peroxidase
blocking system for 10 minutes. Sequential incubations included the following: 10% normal
goat serum {30 min at room temperature (RT)); primary rabbit anti-human CD3 monoclonal
antibody (Thermo Scientific RM-9107) at 1:100 dilution (45 min. at RT); secondary
biotinylated goat anti-rabbit antibody at 1:200 dilution (30 min at RT); strept-avidin-
biotinylated horseradish peroxidase complex reagent (Dako) (30 min at RT); and three 5

minute washes in buffer after cach incubations. Sections were then exposed to the chromagen

DAB plus from Dako for 5 min at RT and counterstained with hematoxylin, dehydrated,

cleared and mounted,

Statistical analysis

Statistical analysis was carried out by 2-way repeated measures ANOVA for
the tumor burden (tumor volume, photon counts). Student's 7 test was used to evaluate
differences in absolute number of transferred T cells, cytokine secretion, and specific
cytolysis. Kaplan-Meier survival curves were compared by using the log-rank test. GraphPad
Prism 4.0 (GraphPad Software) was used for the statistical calculations, P < 0,05 was
considered significant,

The results of the experiments are now described.

CAR construction
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The mouse anti-human FRa-specific scFv MOv19 was selecled on the basis of
its high binding affinity for FRa (10°-10° M, refs. Miotti et al., 1987, Int J Cancer 39:297—
303; Melani et al,, 1998, Cancer Res 58:4146-54,; Figini et al., 1998, Cancer Res 58:991-6).
FRa CAR constructs were comprised of the MOv19 scFv linked to a CD8«¢ hinge and
transmembrane region, followed by a CD3{ signaling moiety alone (MOv19-0) or in tandem
with the CD137 intracelluiar signaling motif (MOv19-BBL; Figure 18A). A signaling
deficient FRu-specific CAR containing a truncated CD3( intracellular domain (MOv19-Af)
was designed to assess the contribution of CD3( signaling. An anti-CD19 CAR containing
CD3{ and CD137 signaling motifs in tandem (anti-CD19-BB{) was used as an antigen
specificity control (Milone et al,, 2009, Mol Ther 17:1453-64). CAR constructs were
subcloned into the pCLPS lentiviral vector where transgene expression is driven off the
cytomegalovirus promoter. Using gene transfer technology established for clinical
application, lentiviral vectors efficiently transduced primary human T cells to express the
anti-FRa CAR (Figure 18B). T-cell transduction efticiency, as assessed by flow cytometry,

was equilibrated for all constructs at approximately 50% in all assays,

Primary human FRa CAR T cells exert antigen-specific function in vitro

Because ovarian cancer frequently express FRa (Miotti et al., 1987, Int J
Cancer 39:297-303), a panel of established human ovarian cancer cell lines that express
surface FRa at varying levels (SKOV3, A1847, and OVCAR3) was selected for assays
(Figure 18C). Two ovarian cancer lines, C30 and PEO-1, were negative for FRu. Transduced
T cells expressing MOv19-BBZ or MOV19-{ CARs recognized FRa.' tumor lines and secreted
high levels of IFN-y, but not when stimulated with FRa  lines (Figure 18D). FRu-specific
CAR T cells also secreted high levels of IL-2 and TNF-¢ when stimulated with FRa." cancer
cells and low but detectable levels of I1.-4 and IL-10 (Figure 24). MOv19 CARs functioned in
both primary human CD4" and CD8" T cells. In all cases, MOv19-BB( T cells secreted more
IEN-y than MOv19-( T cells after specific stimulation. CDIQ-BBC CAR did not produce IFN-
¥, except when co-incubated with K562 cells engineered to express surface CD19 antigen,
and human T cells expressing MOv19-AC CAR did not secrete cytokine when stimulated with
FRa' cancer cells (Figure 18D), showing that antigen specificity and CD3( signaling are
required for CAR activity in T cells.

To intetrogate antigen-specific cytolytic potential, anti-FRa CAR CDS™ T cells
were co-cultured with FRa AE17 (Jackaman et al., 2003, J Immunol 171:5051-63), a mouse
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malignant mesothelioma cell line, or AE{7.FRa (an AEL7 line derivative transduced to
express high surface levels of human FRa). In standard 4-hour chromium release and 24-hour
bioluminescence assays, FRa-specific CAR T cells (MOv19-C and MOv19-BBC) specifically
lysed AE17.FRu. cells but not the parental AE17 line (Figure 25). T cells expressing anti—
CD19-BB{, MOv19-AL, or green fluorescent protein (gfp) did not lyse AE17.FRa or AEL7
cells. Consistent with cytokine production results, primary human CD8" T cells expressing
MOV19-{ or MOv19-BB CAR directly and efficiently lysed FRo," human ovarian cancer cell
lines SKOV3 and A1847, but not FRa  lines C30 or 624mel, a melanoma cell line (Figure
I8E). MOvV19-BB({ CAR T cells exhibited increased cytotoxicity compared with MOv19-C
CAR T cells, but not at a level of statistical significance. Thus, human T cells transduced with
FRa-specific CAR specifically recognize FRa" human and mouse cancer cells and exert

MHC-untestricted cytotoxic activity in vitro.

Antitumor activity of primary human FRo CAR T cells in vivo

CAR functional activity in vitro cannot adequately predict the antitumor
potential of transduced human T cells in vivo. The antitumor efficacy of FRo CAR constructs
were evaluated in a xenograft model of large, established cancer. Inmunodeficient
NOD/SCID/IL-2Ryc™" (NSG) mice were inoculated s.c. with firefly luciferase (fLuc)-
transfected FRa" SKOV3 human ovarian cancer cells on the flank and received intratumoral
(i.t.) injections of CAR™ T cells on days 40 and 45 post-tumor inoculation (p.i.), when tumors
were 250 mm’® or more in size. Tumors in mice receiving saline, MOv19-A{ CAR T cells, or
gip T cells progressed beyond the time of T cell transfer as measured by caliper-based sizing
and bioluminescence imaging (BLL; Figure 19A and Figure 19B). Tumor growth was
modestly delayed in mice receiving MOv19-( T cells (P = 0.027), compared with all 3 control
groups at the latest evaluated time point (38 days after first T-cell dose). In contrast, mice
receiving i.t, injection of MOvV19-BB{ T cells experienced rapid tumor regression, which was
significantly better than MOv19-( T cells (£ < 0.001), indicating that incorporation of CD137
signals enhances overall antitumor activity in vivo. Tumor-bearing mice treated with MOv19-
BB{~transduced T cells delivered via i.v., i.p. injection, or i.t. routes experienced tumor
regression (Figur;a 19C). Following i.v. or i.p. infusion of MOv19-BB{ T cells, antitumor
activity was again observed, though delayed in regression by approximately 7 days relative to
i.t. delivery, indicating that although local injection is optimal, systemically infused CAR T

cells can marginalize upon adoptive transfer to mediate potent antitumor effects in vivo.
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Persistence of primary human FRa CAR T cells in vivo is increased by 4-1BB signals

Without wishing to be bound by any particular theory, it is believed that the
persistence of transferred tumor-reactive T cells following adoptive T-cell therapy is highly
correlated with tumor regression (Robbins et al., 2004, J Immunol 173:7125-30), In
experiments described elsewhere herein, peripheral blood was collected from tumor-bearing
mice 3 weéks after the last T-cell dose and quantified for persistent human CD4” and CD§™ T
cells (Figure 19D). CD4" and CD8" T-cell counts were highest in mice receiving MOv19-
BBZ CAR T cells, whether delivered by i.t., i.p., or i.v. routes of administration, compared
with gfp, MOv19-A(, and MOv19-{ treatment groups. Notably, human T-cell counts in mice
receiving MOv19-BB{ CAR T cells by i.v. injection was significantly higher than those in the
parallel MOv19-{ CAR group (P < 0.01), indicating a role for CD137 in T-cell survival in
vivo. There was no significant difference in level of T-cell persistence among mice receiving
MOv19-BB{ CAR T cells by i.v., i.t,, or i.p. injection (£ = 0.2}, despite a trend toward less
cells in the i.v. injection group. Total T-cell counts in the MOv19-{ treatment group was
statistically similar to other control groups including mice receiving saline in the absence of
human T-cell injection (Figure 26; P > 0.05), suggesting that antigen specificity alone is not
sufficient for T-cell maintenance i vivo. This was primarily attributed to poor CD4™ T-cell
persistence because circulating MOv19-{ CAR CD8" T cells persisted at greater numbers
than MOv19-A{ CAR (P = 0.026) or gfp (P = 0.013) cells. Four weeks after last MOv19-BB{
CAR T-cell dose, the absolute number of human T cells persisting in the blood was inversely
correlated with tumor burden of each group (Figure 26; r = —0.78). Tumor BLI results were
consistent with the size of resected residual tumors (Figure 27). While not wishing to be
bound by any theory, enhanced persistence of MOv19-BB{ CAR T cells, compared with
MOv19-(, seemed to be attributed in part to an increased upregulation of anti-apoptotic Bel-
X1, protein expression after antigen stimulation (Figure 26). Thus, tumor regression was
associated with the stable persistence of engineered human T cells in vivo and supported by

provision of CD137 costimulation.

Tumor regression and T-cell persistence are antigen-driven in vivo

To determine whether MOv19-BB{ CAR antitumor activity is antigen-
specific, a comparative study was conducted with an anti-CD19-specific CAR also

containing the CD137 signaling domain (Milone et al., 2009, Mol Ther 17:1453-64). NSG
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mice with established s.c. SKOV3 fLuc” tumor receiving 2 i.t. T-cell injections experienced
rapid tumor regression, whereas tumor grew progressively in mice freated with T cells
expressing gfp or CD19-BBE CAR (Figure 20A), excluding alloreactivity as a mechanism of
tumor regression. Mice receiving MOv19-BB{ T cells had significantly higher human CD4"
and CD8" T cell counts than mice in anti-CD19 CAR or gfp groups (Figure 20B; P = 0.009),
indicating that tumor antigen recognition drives the survival of the adoptively transferred T
cells in vivo. Interestingly, T-cell persistence was reproducibly higher in mice receiving anti—
CDI19-BBL CAR T cells than gfp T cells (P = 0.012), suggesting that persistence of CAR T
cells can be promoted in part through a CD137-driven process that does not require scFv
engagement with antigen. Nevertheless, there was no statistical difference in tumor control
between anti-CD19-BBE CAR and gfp groups (P = 0.065) even at the latest time point
studied (day 73), showing that persistence in the absence of antigen specificity is insufficient
to mediate tumor response. In this line, CAR expressing T-cell frequency in the blood of
tumor-bearing mice administered MOv19-BBC T cells was higher than that observed in mice
receiving CD19-BBL CAR T cells, though not at statistical significance (Figure 20C; P =
0.08). However, coupled with increased T-cell counts, the total number of circulating CAR'T
cells persisting 1 month after infusion were significantly higher in mice receiving MOv19-
BB T cells (76 + 13 cells/uL; P =0.013); mice in CD19-BBZ CAR and gfp groups had little
to no detectable persistence of CAR™ T cells with counts of 12 + 4 cells/pL and 0 £ 0 cells/pl,
respectively (Figure 20D). Consistent with the increased persistence of MOv19-BB{ T cells
in the blood of treated animals, immunohistochemical analysis revealed robust accumulation
of human CD3" T cells in regressing SKOV3 lesions 6 weeks after i.v. T-cell administration
(Figure 21). Few CD3" T cells were detected in tumors resected at the same time from mice

that received anti-CD19-BB({ CAR or gfp-transduced T cells,

Tumor regression in the metastatic disease setting

Advanced ovarian cancer is a discase usually confined to the peritoneal cavity
with occasional metastatic spread to the pleural compartment. A xenogeneic model of
advanced i.p. metastatic cancer was established to evaluate the functional activity of FRa-
specific T cells against tumor localized to a more physiologically relevant compartment, NSG
mice that were inoculated i.p. with SKOV3 fLuc" cells efficiently developed peritoneal
carcinomatosts which was readily evident 30 days p.i., when MOv19-BB{ or control anti—

CD19-BB{ CAR T-cell therapy was administered (Figure 22A), Within 3 weeks of T-cell
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transfer, all mice that received control anti-CD19-BBf CAR T cells developed distended
abdomens, marked bloody ascites of approximately 5 to 8 mL volume and multiple nodular
peritoneal tumors, and had to be euthanized due to tumor-associated, abdominal distention
(Figure 22B and Figure 22C). By comparison, mice treated with MOv19-BBL CAR T cells
did not develop distended abdomens or ascites, and exhibited a profound enhancement in
tumor-related survival (P = 0.0002) with no cases of tumor-related mortality in the MOv19-
BB( CAR group (Figure 22C). At the time of euthanasia of mice treated with MOv19-BB(,
tumor burden was minimal to none, but mice required euthanizing due to signs of distress
compatible with GVHD that develops in NSG mice following xenogeneic transfer of
activated human lymphocytes (King et al., 2009, Clin Exp Immunol 157:104—18). Still,
median survival times of 52 days after last T-cell infusion by i.v. injection and 68 days by the
i.p. route were observed in mice treated with MOv19-BB{ CAR, compared with 9 and 12
days in the anti-CD19-BB{ CAR T-cell groups, respectively (MOv19-BBC i.p. vs. anti-
CD19-BB{ i.p., P = 0,0023; MOv19-BB{ i.v. vs. anti-CD19-BB( i.v., P = 0.0025; Figure
22D). Two months after treatment with MOv19-BB{ CAR cells via i.p. or i.v. routes, 60% (3
of 5} and 40% (2 of 5) of tumor-inoculated mice remained alive, respectively.

Occasionally, ovarian cancer patients develop lung metastases and pleural
ascites formation requiring thoracentesis or other supportive management procedures during
disease progression (Sood et al., 1999, Clin Cancer Res 5:2485-90). A model of metastatic
ovarian cancer of lung was generated by inoculation of NSG mice with SKOV3 fLuc” cells
via tail-vein injection resulting in progressive lung metastases in 100% of mice 3 days p.i.
(Figure 23). Two i.v. injections of MOv19-BB{ T cells resulted in rapid regression of lung
metastasis in all treated animals 14 days p.i. and 80% (4 of 5) of mice had no evidence of |
recurrence after 1 month. By contrast, disease progression occurred in alf mice receiving anti—

CD19-BBC T cells.

Tumor response and T-cell persistence is evoked by provision of CD137 costimulatory
signals to anti-FRoa CAR T cells
CARs combine the high affinity and specificity of antigen-specific antibody,

which binds cell surface determinants in a non-MHC-restricted manner, with the potent
effector functions of T lymphocytes (Gross et al., 1989, Proc Natl Acad Sci USA 86:10024—
8). Genetically retargeting of primary human lymphocytes with CARs recognizing tumor-

associated antigens offers a robust and rapid avenue toward the generation of tumor-reactive
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T cells for therapy. To date, CAR-based therapy has shown promising but often limited
clinical activity, despite the reproducible demonstration of strong effector activity in vitro
(Park et al,, 2007, Mol Ther 15:825-33; Pule et al., 2005, Mol Ther 12:933-41; Kochenderfer
et al., 2010, Blood 116:4099-102; Till et al., 2008, Blood 112:2261-71; Kershaw et al., 2006,
Clin Cancer Res 12: 6106-15). Effective adoptive T-cell therapy not only requires antitumor
activity, but also in vive expansion and persistence of the infused tumor-reactive T cells
(Robbins et al., 2004, J Immunol 173:7125-30). The experiments described herein have
addressed the central issue of limited CAR T-cell persistence and tumor activity in vivo
(Kershaw et al., 2006, Clin Cancer Res 12: 6106—15) through the introduction of the CD137
(4-1BB) costimulatory signaling domain into a Mov19 scFv-based CAR.

CD137 is a TNT receptor family member that plays an important role in T-cell
proliferation and survival, particularly for T cells within the memory T-cell pool (Shuford et
al., 1997, J Exp Med 186:47-55; Takahashi et al., 1999, J Immunol 162:5037—40; Suhoski et
al., 2007, Mol Ther 15:981-8). CD137 was selected on the basis of its demonstrated capacity
to support of CD8 T-cell expansion (Suhoski et al., 2007, Mol Ther 15:981-8), and
upregulate important antiapoptotic protein Bel-Xy, expression (Lee et al., 2002, Eur J
Immunogenet 29:449-52), and results showing that adoptive transfer of tumor-specific T
cells costimulated ex vivo with 4-1BBL supports persistence and antitumor activity in vivo
(Yietal, 2007, Cancer Res 67:10027-37). Like the “first-generation” Mov19-{ CAR
expressing CD3( signaling alone, T cells engineered to express a “second-generation”
Mov19-BBL CAR containing CD3( signaling and a CD137 signaling domain in tandem
preferentially secrete high levels of Th1 cytokines including IFN-y, TNF-¢, and IL-2 upon
tumor encounter and exert strong antitumor activity in vitro. Here, IFN-y cytokine production
levels were generally associated with the level of FRu expressed by tumor cell targets, and
cytolysis of tumor cells by Mov19-{ CAR and Mov19-BBZ CAR T cells was efficient even at
a 3:1 effector to target cell (E/T) ratio in vitro. In all in vitro antitumor assays, engineered T
cells expressing Mov19-BBL CAR outperformed Mov19-§ CAR T cells, albeit not always to
the level of statistical significance, Interestingly, the single exception was in the level of Th2
cytokine secretion induced by tumor stimulation, where FRu engagement by Mov19- CAR T
cells induced greater IL-4 and I1.-10 production, suggesting that combined CD3( and CD137
signaling enforces a Thl skewed response.

The dichotomy between first- and second-generation CAR vectors was most

evident in in vivo studies where CD137 bearing Mov19-BB{ CAR T cells facilitated superior
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regression of large vascularized tumors in an established human ovarian cancer xenografi
model, whereas tumor progression was almost unabated with Mov19-{ CAR T cells. Transfer
of 16 x 10° total Mov19-BB{ CAR T cells eliminated an estimated 2.5 x 10° tumor cells
(assuming that a 250 mm® tumor mass contains approximately 2.5 x 10 cells); in effect, an
approximately 1;15 E/T ratio. Consistent with previous clinical observations (Dudiey et al.,
2002, Science 298:850-4; Robbins et al,, 2008, J Immunol 180:6116-31), tumor response
was associated with enhanced T-cell persistence and tumor localization of Mov19-BB{ CAR
T cells in vivo, which, without being held to any particular theory, seemed to be attributed in
part to upregulated expression of Bel-X following stimulation with tumor. Tumor regression
was antigen-specific, as transfer of anti-CD19-BB{ T cells had no impact on tumor
progression. Tumor regression and T-cell persisfence were aftainable via systemic or local T-
cell delivery, showing the capacity of transferred T cells to circulate, home to tumor and
perform antitumor functions. Without being held to any particular theory, although i.v.
injections are favorable in cllinical application due to the ease of administration and effective
in the model, data presented herein suggests that local administration of T cells may provide
optimal therapeutic effect, which may be in part due to increased T-cell trafficking to tumor
and provision of favorable E/T ratios. However, such delivery may not be applicable for
tumors with multiple gross metastatic sites or micrometastases.

Although Mov19-BB{ and anti-CD19-BBZ T cells could be detected in the_
peripheral blood 3 weeks afier T-cell infusion, the accumulation of Mov19-BBZ, but not anti—
CD19-BB( T cells, in FRa' tumor lesions suggests that antigen-selective retention of CAR
bearing T cells in tumor occurs and may be requisite in part for tumor regression (Mukai et
al., 1999, Cancer Res 59:5245-9). In a previous study, transferred TCR transgenic T cells
migrated indiscriminately early after adoptive transfer but experienced antigen-dependent
activation exclusively in antigen-positive tamor resulting in tumor destruction (Palmer et al.,
2004, J Immunol 173:7209-16). Transfer of chemokine receptor expressing CAR T cells can
enforce preferential migration to tumor sites to boost antitumor activity in vivo (Craddock et
al., 2010, J Immunother 33:780-8). Results presented herein support the hypothesis that T-
cell persistence, localization, and tumor activity in vivo are largely antigen-dependent, likely
linked, processes. Notably, the use of anti-CD19-BB{ T cells as specificity control in the
assays, however, shows that provision of CD137 signaling by CAR permitted improved T-
cell persistence but not antitumor activity in vivo through a mechanism that is independent of

scFv engagement with antigen, suggestive of low-level constitutive activity by the CD137
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module, consistent with previous data (Milone et al,, 2009, Mol Ther 17;1453—64). Without
being held to any particular theory, it remains possible that persistence of nonspecific CD137-
costimulated human T cells was driven by low-level TCR recognition of xenoantigens in
mice combined with constitutive CD137 signaling by CAR, as shown by the occurrence of
graft-versus-host manifestations, which is an inherent limitation of the xenogeneic NSG
mouse model used. |

In an earlier clinical study, retargeted T cells were generated for therapy by
loading pre-activated T cells with a bispecific mouse mAb OC/TR, directed to the CD3
molecule on T lymphocytes and to FRa on EOC cells (Canevari et al., 1988, Int J Cancer
Suppl 2:18-21). Administration of FRu-redirected T cells to women with minimal residual
ovarian cancer resulted in antitumor responses in 27% of patients with mild to moderate
immunotherapy-related toxicities; however, therapy was limited by the inability to generate
stable anti-FRo—specific T-cell memory and the induction of human anti-mouse antibodies
against the bispecific mAb in approximately 90% of treated patients (Canevari et al,, 1995, J
Natl Cancer Inst 87:1463-9), In a phase I study of anti-FRa CAR therapy for cancer, Kershaw
and colleagues (Kershaw et al., 2006, Clin Cancer Res 12: 6106-15) transferred T cells that
were retargeted to FRa by a first-generation MOv18 scFv-based CAR fo immunocompetent
patients with advanced ovarian cancer. The parental MOv18 antibody has a similar affinity
for FRo, (108 10" M™") as MOv19 used in the present CAR construct (Miotti et al., 1987, Int
J Cancer 39:297-303; Figini et al., 1998, Cancer Res 58:991-6) though the relative affinities
of their scFv products in CARs is not known. MOv18 and MOv19 also bind non—cross-
reactive epitopes (Miotti et al., 1987, Int J Cancer 39:297-303), which may influence their
relative ability to access surface antigen. Therapy using MOv18-{ CAR was safe and feasible;
however, no patient experienced a tumor response which was attributed to a lack of
transferred T-cells persistence after infusion, poor tumor localization, and the development of
a serum inhibitory factor that reduced CAR T-cell activity in in vivo study (Kershaw et al,,
2006, Clin Cancer Res 12: 6106-15). Studies presented herein address these issues. Similar to
the study of Kershaw and colleagues (Kershaw et al., 2006, Clin Cancer Res 12; 6106-15),
first-generation MOv19-C CAR, which redirected T-cell cytotoxicity in vitro, only delayed
tumor progression in vive and CARs did not persist long-term in vivo. It is shown herein that
tumor response and T-cell persistence can be evoked by provision of CD137 costimulatory
signals to anti-FRa CAR T cells, which is facilitated principally by engagement of their CAR

with tumor antigen. Moreover, transfer of MOv19-BBL T cells leads to increased
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accumulation of human T cells in regressing ovarian cancer lesions. Although the mouse anti-
human MOv19 scFv used in the construction of the MOv19-BBC CAR is likely to elicit anti-
mouse humoral responses in immunocompetent recipients, as seen in past CAR studies and
trials using MOv18 scFv {Kershaw et al., 2006, Clin Cancer Res 12: 6106~15; Canevari et al.,
1995, J Natl Cancer Inst 87:1463-9; Lamers et al., 2011, Blood 117:72-82),
nonmyeloablative immunosuppressive preconditioning can disable host endogenous
immunity to promote the in vivo persistence of T cells expressing CARs and TCRs of mouse
ortgin, facilitating tumor regression (Kochenderfer et al., 2010, Blood 116:4099-102; Berger
et al., 2001, J Virol 75:799-808; Johnson et al., 2009, Blood 114:535-46). The use of
immunodeficient NSG mice models T-cell transfer in the setting of host lymphodepletion,
albeii in the absence of human derivatives and endogenous immune reconstitution. Based on
the results presented herein, the use of fully human anti-FRa scFv candidates for the next |
generation of CAR-redirected therapy is worthy of investigation (Figini et al., 1998, Cancer
Res 58:991-6; Figini et al., 2009, Cancer Immunol Immunother 58:531-46). Resuits
presented herein support the notion that incorporation of the CD137 signaling domain in
FRa-specific CARs overcomes the limitations of past CAR approaches by improving the
persistence of transferred T cells in vivo, thereby increasing their retention in tamor and
bolstering antitumor potency. Careful considerations must be made when targeting of
self/tumor antigens with CARs or exogenous TCRs, which hold the potential for mediating
serious adverse events (Johnson et al., 2009, Blood 114:535-46; Morgan et al,, 2010, Mol
Ther 18:843-51); however, FRa, which is present on normal tissues, is localized primarily to
the apical surfaces of polarized epithelia, where it may be inaccessible to parenterally
administered folate conjugates and redirected T cells (Low et al., 2004, Adv Drug Deliv Rev
56:1055--8).

EXAMPLE 20: A pilot phase [ dose escalation study to establish the safety and proof of
congept of autologous folate receptor {o-FR)-alpha redirected T cells administration
intravenously in patients with recurrent ovarian cancer.

The major question in the development of CAR T celis for cancer therapy is
identifying vector designs that enhance the persistence of the cells post infusion, and to
optiniize trafficking of CAR T cells to tumor sites. This study design tests the hypothesis that
the changes in vector design improves the survival of CAR T cells in comparison o a

previous study of ovarian cancer (Hwu et al., 2006, Clinical Cancer Research, 12(20): 6106-
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6115). Described herein is a phase I study to determine the safety, tolerability and feasibility
of administering (CAR) T cells transduced with the anti-o-FR Chimeric Antigen Receptor
(CAR) in subjects with ovarian cancer receiving anti-0-FR CAR T cells, The protocol
schema is shown in Figure 28, At entry subjects are screened and their eligibility is
determined. Those who meet all eligibility criteria undergo apheresis within 4-6 weeks of
screening to obtain peripheral blood mononuclear cells (PBMCs) for CAR T cell
manufacturing, The T cells are purified from the PBMC, transduced with anti-o-FR scFv

expanded in vitro and then frozen for future administration.

Invesiigational Agent and Dose

The study drug is autologous T cells that have been engineered to express a
Chimeric Antigen Receptors (CAR) comprised of an extracellular single chain antibody
(scFv) with specificity for o-FR and an intracellular TCRz chain and 4---1BB signaling
domain. The CAR constructs were developed, and the clinical grade pELNS lentiviral vector
carrying the MOv19---BB{ CAR has been already manufactured. The CAR T cells are
cryopreserved in infusible cryomedia, and are administered in either 1 or 2 bags. Each bag
contains an aliquot (volume dependent upon dose) of cryomedia containing the following
infusible grade reagents (% v/v): 31.25 plasmalyte-A, 31.25 dextrose (5%), 0.45 NaCl, up to
7.50 DMSO, 1.00 dextran 40, 5.00 human serum albumin with the appropriate number of
autologous T cells per bag.

Three T cell dose levels are tested, starting at the expected “Minimal
Anticipated Biological Effect Level” (MABEL) dose of ~3x10” CAR+ T cells/m? to reach an
expected “No Observable Adverse Effect Level” (NOAEL) dose of ~3x10° CAR+ T
cells/m? For additional safety, a “split dose” approach to dosing is followed over 3 days,
administering CAR-transduced T celis by intravenous infusion.using 10% of the total
intended on day 0, 30% on day 1 and 60% on day 2.

Patients receive a single dose of CAR T cells intravenously using a “split
dose” regimen on day 0, 1 and 2 by rapid i.v. infusion. The infusion is scheduled to occur 2
days following chemotherapy.

Cohort 1 3xl 10" CAR T c:ells'/m2 (with a minimally accepted dose of 2.5 x 10

and a maximally accepted dose of 3.5x107)
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Cohort 2 1x10° CAR T cells/m? (with a minimally accepted dose of 8 x 10
and a maximally accepted dose of 1.2 x 10%
Cohort 3 3x10° CAR T cells/m® (with a minimally accepted dose of 2.6 x 10°

and a maximally accepted dose of 3.4 x 10%)

Preparation
The CAR T cells are prepared in a production facility and are not released

from the production facility until release criteria for the infused cells (e.g., cell purity,
sterility, average copy number of vectors/cell, etc.) are met. Upon release, the cells are taken
to a clinic. Bags (50 to 100 m! capacity} containing CAR-transduced T cells are stored in
blood bank conditions in a monitored -150°C freezer at the University of Pennsylvania.

Infusion bags are stored in the freezer until needed,

Cell Thawing
Transduced T cells are transported on dry ice from the production facility a

stem cell unit at the clinic where the product is released. The transduced T cells are -
transported by the research nurse/coordinator to the patient’s bedside in the clinic. The
infusion takes place in an isolated room in the clinic. The cells are thawed at the bedside one
bag at a time using a water bath maintained at 36°C to 38°C. The bag is gently massaged until
the cells have just thawed, It is made sure that there are no frozen clumps left in the container,
If the CAR T cell product appears to have a damaged or leaking bag, or otherwise appears to

be compromised, it is not infused, and is returned to the production facility,

Return or Destruction of Study Drug

CAR'T cells may require return to the production facility for a variety of
reasons, including but not limited to: 1) Mislabeled product; 2} Condition of patient prohibits
infusion/injection, and 3) Subject refuses infusion/injection; any unused product are returned

to production facility for disposal

Premedication

Side effects following T cell infusions include transient fever, chills, fatigue
and/or nausea. It is recommended that the subjects be pre-medicated with acetaminophen 650

mg by mouth and diphenhydramine hydrochloride 25-50 mg by mouth or IV, prior to the
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infusion of CAR T cells. These medications may be repeated every six hours as needed. A
course of non-steroidal anti-inflammatory medication may be prescribed if the patient
continues to have fever not relieved by acetaminophen. It is recommended that patients not
receive systemic corticosteroids such as hydrocortisone, prednisone, prednisolone
(Solu-Medrol) or dexamethasone (Decadron) at any time, except in the case of a.
life-threatening emergency, since this may have an adverse effect on T cells. If corticosteroids
are required for an acute infusional reaction, an initial dose of hydrocortisone 100 mg is

recommended.

Administration of Study Diug

Cells are infused within approximately 10-40 minutes after thaw. The
transduced T cells are administered on 3 consccutive days by rapid intravenous infusion at a
flow rate of approximately 10mL to 20 ml per minute through an 18-gauge latex free Y-type
blood set with a 3-way stopcock. Dosing takes place by gravity infusion. If the infusion rate
by gravity is too slow, the transduced T cell drug product is drawn into a 50mL syringe via
the stopcock and manually infused at the required rate. The duration of the infusion is
approximately 15 minutes. One o two bags of CAR T cells are delivered to the bedside on
ice, and the cells are administered to the subject while cold. Each infusion bag has affixed to
it a label containing the following: “FOR AUTOLOGOUS USE ONLY.” In addition the label
has at least two unique identifiers such as the subject’s initials, birth date, and study number,
Prior to the infusion, two individuals independently verify all this information in the presence
of the subject and so confirm that the information is correctly matched to the participant.

Emergency medical equipment (i.e., emergency trolley) is available during the
infusion in case the subject has an allergic response, or severe hypotensive crisis, or any other
reaction to the infusion. Vital signs (temperature, respiration rate, pulse, and blood pressure) -
are taken before and after infusion, then every 15 minutes for at least fwo hour and until these
signs are satisfactory and stable. The subject is asked not to leave until the physician
considers it is safe for him or her to do so.

Within 15 minutes (&5 minutes) following completion of dosing with
transduced T cells, a blood sample is obtained for a baseline determination of the number of

transduced T cells,

Screening and Baseline Evaluation:
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Patients sign the informed consent before testing begins. Screening procedures

are done within 4-6 weeks of apheresis, and include:

e A review of inclusion/exclusion criteria
° Confirm an ECOG performance status < 2
o Tumor Burden Evaluation: performed as standard of care to

include CT scan chest, abdomen and pelvis, Does not have to be repeated if done
within 4 weeks prior to visit

° Physical examination (including vital signs, height and weight,
medical and medication history)

° Review of concomitant medications

o Hematology: Complete blood count (CBC), differential,
platelets, Prothrombin Time (PT) and Partial Thromboplastin Time (PTT)

° Serum Chemistries: BUN, creatinine, electrolytes, and glucose;
calcium, magnesium, phosphate, SGOT, SGPT, alkaline phosphatase, LDH, total
bilirubin, uric acid, total protein and albumin

o Virology (screening): HIV-1, 2, HTLV-1/2, Hepatitis B
(HbsAg, u-HBc), Hepatitis C (aHCV), |

o Serum CA-125

° Urinalysis
° EKG (up to 6 weeks old, can be done outside of institution)
° VSV-G antibody response and human anti-murine antibody
(HAMA).
) CT/MRI (up to 6 weeks old, can be done outside of institution)
o Research Blood draws
Apheresis

A ~10-15 liter apheresis procedure is carried out at the apheresis center,
PBMC are obtained for CAR T cells during this procedure. From a single leukapheresis, the
intention is to harvest at least 50 x 10° white blood cells to manufacture CAR T cells.
Baseline blood leukocytes for FDA look-back requirements and for research are also obtained

and cryopreserved, Without being held to any particular theory, the cell product is expected to
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be ready for release approximately 4 weeks later. A repeat apheresis may be offered during

the course of the study if the target number of T cells was not reached.

Transient Lymphodepletion Regimen (Day -5 though -3)

Subjects receive a single course of outpatient conditioning lymphodepletion
chemotherapy with intravenous cyclophosphamide (300 mg/mzld for 3 days) and intravenous
fludarabine (30 mg/m*d for 3 days) on Day -5 through Day -3. This is a well-tolerated
outpatient regimen. Dose reduction to cyclophosphamide 250 mg/m*/d and fludarabine 25
mg/ m*d is allowed at the discretion of the treating physician.

The following comprises a course of therapy for Day -5 through Day -3:

Subjects are pre-medicated with acetaminophen (Tylenol) 650mg and hydrated
with 0.9% Sodium Chloride with 10 meqg/1 KCL at 2.6 ml/kg/hr (hydration is at the discretion
of the Investigator).

Subjects receive daily Cyclophosphamide 300 mg/m*/d IV in 250 ml DSW
over 1 hr for 3 days. Maximum dose not to exceed doses calculated on body weights greater
than 140% of the maximum ideal body weight,

Subjects receive daily Fludarabine 30 mg/m*/day IVPB daily over 15-30
minutes for 3 days. Maximum dose not to exceed doses calculated on body weights greater
than 140% of the maximum ideal body weight (Metropolitan Life Insurance Company). The
fludarabine is started approximately 1-2 hours after the cyclophosphamide,

Antibiotics, Anti-fungals and Anti-virals are given to subjects as prophylaxis:
The typical phrophylactic doses are: Altrex 500mg daily, Bactrium DS one tablet g M W F
and Fluconazole 200 nig daily. The duration of medication is until Absolute Lymphocyte
count (ALC) and Absolute Neutrophil Count (ANC) count returns to pre medication baseline.

Patients are encouraged oral intake of fluids of 2-3 liters/day on the day prior
to, during and following chemotherapy. Hematopoietic growth factors are given as clinically

indicated.

CAR T Cell Administration for First Treatment Cvele (Day 0, 1 & 2)

Subjects receive infusions in an isolated room. The cells are thawed at the
patient’s bedside as described elsewhere herein. The thawed cells are given at an infusion rate
as quickly as tolerated so that the duration of each infusion is approximately 10-15 minutes,

In order to facilitate mixing, the cells are administered simultancously using a Y-adapter. A
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blood sample for determination of baseline CAR T cell level is obtained before infusion and
20 minutes post infusion. Subjects are infused and premedicated as described elsewhere
herein. Subjects are observed for at least 2 hours post infusion, with vital signs (temperature,
respiration rate, pulse and blood pressure) monitored every 15 minutes for at least two hours
and until these signs are satisfactory and stable. Pulse oximetry determination of blood
oxygenation is used as means of pulmonary assessment prior to and 15 minutes post T cell

infusion and every 15 min thereafter until the completion of the observation period.

Subject Assessments

Subjects have the following done on Day 0, 1&2 before T cell infusion:

° ECOG Performance Status

o Physical Exam (including vital signs, weight, ConMed and
Adverse event assessment),

o Hematology: CBC, differential and platelets, Prothrombin Time
(PT) and Partial Thromboplastin Time (PTT).

° Serum Chemistries: BUN, creatinine, electrolytes, glucose,
calcium, SGOT, SGPT, alkaline phosphatase, total bilirubin, total protein, albumin.

o Urinalysis: random urine protein, random urine creatinine to
measure urine protein: creatinine (UPC) ratio. 24-hour urine protein is determined in
subjects with proteinuria greater than +1 in the absence of UTL

o Serum CA-125

° Serum HAMA and VSV-G level

. Research blood draws

Subjects have the following done on Day 7, 14, 25 and 39 post T cell infusion:
° ECOG Performance Status
° Physical Exam (including vital signs, weight, ConMed and
Adverse event assessment),
o Hematology: CBC, differential and platelets, Prothrombin Time
(PT) and Partial Thromboplastin Time (PTT).
° Serum Chemistries: BUN, creatinine, electrolytes, glucose,

calcium, SGOT, SGPT, alkaline phosphatase, total bilirubin, total protein, albumin.
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° Urinalysis: random urine protein, random urine creatinine to
measure urine protein: creatinine (UPC) ratio. 24-hour urine protein is determined in
subjects with proteinuria greater than +1 in the absence of UTL

® EKG

. Serum HAMA and VSV-G level

° Research blood draws

Subjects undergo a CT guided tumor biopsy around Day 39.

Pre and Post Infusion Laboratories to Assess Safety and Engrafiment
Subjects are asked to undergo ~100 mi phlebotomy (2 red tops and 3 green

tops) to evaluate the presence and safety of CAR T cells and for collection of immunological
data on the following time points during the first treatment cycle: Day -5 (prior to
lymphodepletion), Day 0 (prior to T cell infusion), 15 minutes and 2 hours after each T cell
infusion, then daily till Day 7, then again on Day 9, 11, 14, 18, 25 then once every 2 weeks
until EOS.

At EOS (Day 58), an additional of ~200 ml phlebotomy (5 green tops and 3
red tops) is collected. All subjects undergo ~6 mi phlebotomy on first and third day of
cyclophosphamide chemotherapy prior to chemotherapy infusion; and prior to T cell infusion;
twice weekly thereafter till ANC and ALC reach pretreatment baseline or 1500 and 1000
respectively Serum CA-125 levels are recorded at feast monthly during the study, but are not

be included in clinical decision-making,

End of Study Evaluations {(EOS, Day ~58)

Specific monitoring tests and procedures are completed on Day ~58 as
follows:
J ECOG Performance Status
° Physical Exam (including vital signs, weight, ConMed and
Adverse event assessment). |
. Hematology: CBC, differential and platelets, Prothrombin Time
(PT) and Partial Thromboplastin Time (PTT).
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° Serum Chemistries: BUN, creatinine, electrolytes, glucose,
calcium, SGOT, SGPT, alkaline phosphatase, total bilirubin, fotal protein, albumin,
LDH, magnesium, phosphate, uric acid.

® Serum CA-125

e Tumor Burden Evaluation: CT/MRI scan of chest, abdomen
and pelvis

o EKG

. Subjects have ~ 200 m! phlebotomy for immunologic

monitoring (5 green tops and 2 red tops).C
e  CT/MRI

On Day 58 (End of Study (EOS)), subjects have completed the first treatment
cycle and have undergone immune and clinical assessment (as measured by immune-related
response criteria), Subjects who achieve immune related Complete Response (ir-CR) have the
option to receive another cycle upon progression of disease. Those who experience ir-Partial
Response (ir-PR), ir-Stable Disease (ir-SD) or ir-progression of disease (ir-PD) have the
option to receive another treatment cycle after lymphodepletion. Subjects only receive more
than one cycle if the all safety parameters are met and it is safe to move to the next cycle.

Subject has to also have genetically engineered T cells available.

Primary Endpoints

Primary endpoints of the study include:

o Safety: Monitor the occurrence of study related adverse events
(defined as =Grade 3 signs/symptoms, laboratory toxicities, and clinical events, with
some exceptions noted previously) that are “possibly”, “likely”, or “definitely” related
to study treatment any time from the first day of study treatment until EQS,

o Feasibility: Feasibility is defined as the number of
manufactured products that do not meet release criteria for vector transduction
efficiency. T cell purity, viability, and sterility is determined (defined as

“manufacturing failures™).

Secondary Endpoints

The major secondary endpoints of the study include:
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° Persistence and Engraftment of CAR T cells: Engrafiment of

CAR T cells is evaluated post dosing by DNA PCR for vector copy number in PBMC,
The number of anti-o-folate receptor CAR T cells in the blood is measured by RT-
PCR perforimed ~15 minutes, 2 hours after each T cell infusion then daily till Day 7,
then again on Day 9, 11, 14, 18, 25 then once every two weeks till end of study. The
Optimal Biologic Dose (OBD) is defined by comparing the dose levels for safety
profile and engraftment of CAR T cells in circulation and tumor biopsies; the OBD
has the highest engraftment at day 28 with an acceptable toxicity profile.

J Clinical Efficacy: Immune related response, the distribution of

progression-free survival, overall survival and time to progression for patients treated
with CAR T cells following lymphodepletion with cyclophosphamide / fludarabine is
determined.

* The effect of CAR T cells on tumor immunity and o-folate
receptor expression is determined using research laboratory assays.

° Persistence, Engrafiment, Phenotype and Function of CAR+ T
cells: FRa CAR+ T cells are readily identified by flow cytometry 1rlising PE conjugated
goat anti-mouse IgG F(ab")2 (Jackson ImmunoResearch). CAR+ T cells are quantified
in peripheral blood longitudinally (~15 minutes, 24 hrs, 48 hrs, 72 hrs, Day, 7, 14, 21,
and 28 days as well as at 6, 8, 12, 16 weeks and every 6 months after dosing. In
addition, CAR+ T cells are detected by DNA quantitative (q)PCR for vector copy
number in PBMC, an acquisitively sensitive method to test for persistence of CAR+T
cells. Phenotypic analysis of CAR+ T cells includes detailed interrogation for memory
cell (CCR7, CDo62L, CD45RA, CD27, CD28, Fas etc) vs. effector cell markers
(CD45R0, CCR6, CD25, CD38, HLADR, GITR, PD1 etc). CAR+ T cells are also
phenotyped for IL-7 receptor CD127 and IL-15 receptor alpha expression, Ex vivo
stimulation with PHA-ionomycin or cognate antigen followed by interrogation of
intracellular cytokines (INFy, TNFa, IL-2, IL-17, IL-4, TGFB, IL-10), granzymes,
CD137 and CD107a provides a detailed and longitudinal characterization of in vivo
polarization and function post transfer. The presence of CAR+ T cells is quantified in
tumor biopsies by DNA qPCR and correlated with FRa protein expression at baseline

and end of study.
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o CAR immunogenicity; The development of host immune

responses to the CAR T cells by HAMA and VSV-G ELISA is assessed and

correlated with engraftment of CAR+ T cells.

e Effect of CAR+ T cells on tumor microenvironment: Detailed

leukocyte subset infiltrate analysis are performed by immunohistochemistry, and
comprehensive immune analysis of the tumor microenvironment is done by multiplex
gPCR and/or Aftymetrix arrays.

° Dose optimization: The OBD is defined by comparing the dose
levels for safety profile and engraftment of CAR+ T cells in circulation and tumor
biopsies; the OBD has the highest engrafiment at day 28 with an acceptable toxicity
profile. ‘

Number of modified T-cells in serum, HAMA levels, serum ELISPOT
measures of host immunity to anti-o-folate receptor and immune function, as well as VSV-G
antibody response are displayed graphically as a function of time. The mean levels of o-folate
receptor expression between tumors with and without intratumoral anti-o-folate transduced
cells are computed for those patients who receive tissue biobsy. 95% confidence intervals for
proportions and means are computed.

Cytokine measurements are conducted using Luminex and evaluating a panel
of cytokines/chemokines/immune factors with potential to be modulated by the treatment.-
The panel is composed of all or a subset of the following factors: IL-1pB, IL-1RA, IL-2, IL-2R,
1L-4, IL-5, IL-6, IL.-7, 1L.-8, IL-10, IL-12p40/p70, IL-13, IL-15, IL-17, TNF-q, IFN-a, IFN-y,
GM-CSF, These measurements are conducted on serum samples collected on Day -5 (prior to
lymphodepletion), Day O (prior to T cell infusion), 15 minutes and 2 hours after each T cell
infusion, then daily till Day 7, then again on Day 9, 11, 14, 18, 25 then once every 2 weeks
until EOS, This helps to determine IL-7’s profile in the first three cohorts and help better

determine rhll-7’s administration schedule in a future cohort.

Clinical Efficacy

Anti-tumor activity is reported as a secondary trial endpoint. The purpose of
this trial is to determine early on in clinical development of CAR T cells the persistence and
engraftment of these cells using the IV route of administration. Response and progression is

evaluated in this study using the new immune-related response criteria,
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Definition of Tumor Response Using irRC

The sum of the products of diameters at tumor assessment using the immune-
related response criteria (irRC) for progressive disease incorporates the contribution of new
measurable lesions. Each net Percentage Change in Tumor Burden per assessment using irRC
criteria accounts for the size and growth kinetics of both old and new lesions as they appear
(Wolchok et al., 2009, Clinical Cancer Research, 15(23); 7412-7420; Hoos et al., 2010,
Journal of the National Cancer Institute, 102(18): 1388-1397; Hodi, 2010, New England
Journal of Medicine, 363(13): 1290)

Definition of Index Lesions Response Using irRC

o irComplete Response (irCR): Complete disappearance of all

index lesions.

o irPartial Response (irPR). Decrease, relative to baseline, of

50% or greater in the sum of the products of the two largest perpendicular diameters
of all index and all new measurable lesions (ie., Percentage Change in Tumor
Burden), Note: the appearance of new measurable lesions is factored into the overall
tumor burden, but does not automatically qualify as progressive disease until the SPD
increases by 225% when compared to SPD at nadir,

° irStable Disease (irSD): Does not meet crileria for irtCR or

irPR, in the absence of progressive disease.

e irProgressive Disease {irPD);: At least 25% increase

Percentage Change in Tumor Burden (i.e., taking sum of the products of all index

lesions and any new lesions) when compared to SPD at nadir.

Definition of Non-Index Lesions Response Using irRC

) irComplete Response (irCR): Complete disappearance of all

non-index lesions.

e irPartial Response (irPR} or irStable Disease (irSD): non-

index lesion(s) are not considered in the definition of PR, these terms do not apply.

° irProgiessive Disease (irPD): Increases in number or size of

non-index lesion(s) does not constitute progressive discase unless/until the Percentage
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Change in Tumor Burden increases by 25% (i.e., the SPD at nadir of the index lesions

increases by the required amount).

Impact of New Lesions on irRC

New lesions in and by themselves do not qualify as progressive disease.
However their contribution to total tumor burden is included in the SPD, which in turn feeds
into the irRC criteria for tumor response. Therefore, new non-measurable lesions do not

discontinue any subject from the study.

Definition of Overall Response Using irRC

Overall response using irRC is based on these criteria:

° Inmune-Related Complete Response (irCR): Complete

disappearance of all tumor lesions (index and nonindex together with no new
measurable/unmeasurable lesions) for at least 4 weeks from the date of documentation
of complete response.

® Immumne-Related Partial Response (irPR): The sum- of the

products of the two largest perpendicular diameters of all index lesions is measured
and captured as the SPD baseline. At each subsequent tumor assessment, the sum of
the products of the two largest perpendicular diameters of all index lesions and of new
measurable lesions are added together to provide the Inmune Response Sum of
Product Diameters (irSPD). A decrease, relative to baseline of the irSPD} compared to
the previous SPD baseline, of 50% or greater is considered an immune Partial
Response (irPR).

° Immune-Related Stable Disease {irSD): SD is defined as the

failure to meet criteria for immune complete response or immune partial response, in-
the absence of progressive disease,

® Immune-Related Progressive Disease (irPD); It is

recommended in difficult cases to confirm PD by serial imaging. Any of the following
constitutes progressive disease:
o) At least 25% increase in the sum of the products of all

index lesions over baseline SPD calculated for the index lesions.
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o At least a 25% increase in the sum of the products of all
index lesions and new measurable lesions (irSPD) over the baseline SPD

calculated for the index lesions,

Yearly Evaluations 1 to 15 Years Post Infusion

At the end of the study, patients have long-term follow up for up to 15 years in
accordance with recent guidelihes for long term follow-up (LTFU) set forth by the ASGT and
the FDA. LTFU requires 6 months visits for the first 5 years post infusion, and then annual
visits if the vector modified cells are no longer detected in the blood. Visits involve blood

draws and a physical exam,

Data Collection and Follow-up for Withdrawn Subiects

Follow-up data collection after cell therapy clinical trials for subjects who
receive the study drug is up to 15 years in accordance with FDA guidelines. As long as
patients have detectable cells transduced with the scFv chimeric receptor, they are followed
for toxicity, immune reactions, and any long-term adverse events. Many patients who respond
to cell therapy may also have prolonged DFS but are also at risk for late relapse. The intent is
to follow all patients treated with CAR T cells indefinitely at least until the time alternative
treatment is required for their disease, and/or they are no longer at risk for toxicity from the
infused cells (i.c. loss of engraftment). Therefore, data collection is continued regarding 1)
engraftment as long as patients are at risk (until evidence of loss of detectable transduced T
cells); 2) DFS until there is disease progression; 3) survival until the time of death or 21) until
the patient withdraws consent for clinical data collection,

Patients who are followed at other institutions or practices, because of
preference or geographical concerns have follow-up via notes from their local physiciaﬁ
and/or phone interviews with periodic study assessments. An example would be a patient
referred from out of state but cared for at another center. Toxicity and other clinical
assessments are obtained from the treating physician. Every effort is made to contact subjects
who appear to be lost to follow-up in order to at least obtain survival data. In the event a
subject fails to complete the follow-up requirements, documentation of all attempts to contact
the subject includes at least 3 telephone contacts (on different days and at different times of
the day), and a certified letter. Subjects are withdrawn from DFS assessments if 1) there is

evidende for lack of response, relapse or progressive disease after 6 months of follow-up or 2)

95




5

10

15

20

WO 2012/099973 PCT/US2012/021738

at any time they require new treatment for their disease (i.e. conventional chemotherapy).

Subjects are withdrawn from survival assessments at the time of death.

EXAMPLE 21:. Humanized anti-FR CAR recognize and respond to FR expressing cancer cell

lines.

A folly-human anti-FR CAR was constructed comprising the humanized C4
scFV. Primary human T cells were transduced to express the humanized anti-FR CAR, and
the humanized anti-FR CAR was efficiently expressed on the surface of transduced T cells
(Figure 29). Transduced and untransduced T cells were co-cultured overnight with ovarian or
breast cancer cells. Humanized anti-FR CAR transduced T cells recognized FR expressing
cell lines in vitro, as transduced, but not untransduced, T cells secreted IFN-y when co-
cultured with FR expressing cell lines. Cell lines that expressed little or no FR (A2780 and
C30) were not recognized by transduced T cells (Figure 29).

The disclosures of each and every patent, patent application, and publication
cited herein are hereby incorporated herein by reference in their entirety. While this invention
has been disclosed with reference to specific embodiments, it is apparent that other
embodiments and variations of this invention may be devised by others skilled in the art
without departing from the true spirit and scope of the invention. The appended claims are

intended to be construed to inchude all such embodiments and equivalent variations.
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WHAT IS CLAIMED IS:

1. An isolated nucleic acid sequence encoding a chimeric antigen receptor
(CAR), wherein the isolated nucleic acid sequence comprises the nucleic acid sequence of a
u-folate receptor (FRa) binding domain and the nucleic acid sequence of a 4-1BB (CD137)

costimulatory domain.

2, The isolated nucleic acid sequence of claim 1, further comprising the nucleic

acid sequence of a2 CD3 zeta signaling domain.

3. The isolated nucleic acid sequence of ¢laim 1, wherein the CAR comprises the

amino acid sequence of SEQ ID NO: 13 or SEQ ID NO: 22.

4, The isolated nucleic acid sequence of claim 1 comprising the nucleic acid

sequence of SEQ ID NO: 1 or SEQ ID NO: 20.

5, The isolated nucleic acid sequence of claim 1, wherein the FRa binding

domain is an antibody or a FRo-binding fragment thereof,

6. The isolated nucleic acid sequence of claim 5, wherein the FRu-binding

fragment is a Fab or a scFv.

7. The isolated nucleic acid sequence of claim 1, wherein the FRa binding

domain binds to a tumor antigen, wherein the tomor antigen is FRo.-

8. The isolated nucleic acid sequence of claim 7, wherein the tumor antigen is

associated with an epithelial malignancy.

9. The isolated nucleic acid sequence of claim 7, wherein the tumor antigen is

associated with a solid tumor,

10.  The isolated nucleic sequence of claim 1, wherein the FRo. binding domain

comprises the amino acid sequence of SEQ 1D NO: 15 or SEQ ID NO: 23,

11, The isolated nucleic acid sequence of claim 1, wherein the FRo binding

domain is encoded by the nucleic acid sequence of SEQ ID NO: 3 or SEQ ID NO: 21,
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12, The isolated nucleic sequence of claim 1, wherein the 4-1BB costimulatory

domain comprises the amino acid sequence of SEQ ID NO: 18.

13, The isolated nucleic acid sequence of claim 1, wherein the 4-1BB

costimulatory domain is encoded by the nucleic acid sequence of SEQ ID NO: 6.

14.  The isolated nucleic sequence of claim 2, wherein the CD3 zeta signaling

domain comprises the amino acid sequence of SEQ ID NO: 19.

15.  The isolated nucleic acid sequence of claim 2, wherein the CD3 zeta signaling

domain is encoded by the nucleic acid sequence of SEQ ID NO: 7.

16.  The isolated nucleic acid sequence of claim 1, further comprising the nucleic

acid sequence of a transmembrane domain.

17. - Anisolated chimeric antigen receptor (CAR) comprising a FRo! binding

domain and a 4-1BB costimulatory domain.

18.  The isolated CAR of claim 17 further comprising a CD3 zeta signaling

domain.

19.  The isolated CAR of claim 17, wherein the CAR comprises the amino acid
sequence of SEQ ID NO: 13 or SEQ ID NO: 22.

20,  The isolated CAR of claim 17, wherein the FRa binding domain is an antibody
or a FRu-binding fragment thercof,

21, The isolated CAR of claim 20, wherein the FRa-binding fragment is a Fab or a

scFv.

22.  The isolated CAR of claim 17, wherein the FRe binding domain binds to a

tumor antigen, wherein the tumor antigen is FRo.

23.  The isolated CAR of claim 22, wherein the tumor antigen is associated with an

epithelial malignancy.
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24, The isolated CAR of claim 22, wherein the tumor antigen is associated with a

solid tumor.

25.  The isolated CAR of claim 17, wherein the FRo binding domain comprises the

amino acid sequence of SEQ ID NO; 15 or SEQ ID NO: 23,

26.  The isolated CAR of claim 17, wherein the 4-1BB costimulatory domain
comprises the amino acid sequence of SEQ ID NO: {8.

27.  The isolated CAR of claim 18, wherein the CD3 zeta signaling domain
comprises the amino acid sequence of SEQ ID NO: 19,

28.  The isolated CAR of claim 17, further comprising a transmembrane domain.

29. A genetically modified T cell comprising an isolated nucleic acid sequence
encoding a chimeric antigen receptor (CAR), wherein the isolated nucleic acid sequence
comprises the nucleic acid sequence of a FRa binding domain and the nucleic acid sequence

of a 4-1BB costimulatory domain.

30. A vector comprising an isolated nucleic acid sequence encoding a chimeric
antigen receptor (CAR), wherein the isolated nucleic acid sequence comprises the nucleic
acid sequence of a FRa binding domain and the nucleic acid sequence of a 4-1BB

costimulatory domain,

31. A method for providing anti-tumor immunity in a subject, the method
comprising: administering to the subject an effective amount of a genetically modified T cell
comprising an isolated nucleic acid sequence encoding a chimeric antigen receptor (CAR),
wherein the isolated nucleic acid sequence comprises the nucleic acid sequence of a FRa
binding domain and the nucleic acid sequence of a 4-1BB costimulatory domain, thereby

providing anti-tumor immunity in the subject.

32.  The method of ¢claim 31, wherein the isolated nucleic acid sequence further

comprises the nucleic acid sequence of a CD3 zeta signaling domain.
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33,  The method of claim 31, wherein the presence of the costimulatory domain

enhances T cell survival,

34, The method of claim 31, wherein the presence of the costimulatory domain

increases the efficacy of anti-fumor immunity in a subject.
35,  The method of claim 31, wherein the subject is a mammal.
36.  The method of claim 31, wherein the subject is a human,

37. A method for stimulating a T cell-mediated immune response to a cell
population or tissue in a subject, the method comprising: administering to the subject an
effective amount of a genetically modified T cell comprising an isolated nucleic acid
sequence encoding a chimeric antigen receptor (CAR), wherein the isolated nucleic acid
sequence comprises the nucleic acid sequence of a FRe binding domain and the nucleic acid
sequence of a 4-1BB costimulatory domain, thereby stimulating a T cell-mediated immune

response in the subject.

38. A method for treating an ovarian cancer in a subject, the method comprising;
administering to the subject an effective amount of a genetically modified T cell comprising
an isolated nucleic acid sequence encoding a chimeric antigen receptor (CAR), wherein the
isolated nucleic acid sequence comprises the nucleic acid sequence of a FRa binding domain
and the nucleic acid sequence of a 4-1BB costimulatory domain, thereby treating the ovarian

cancer in the subject.

39, Amethod for treating cancer in a subject, the method comprising:
administering to the subject an effective amount of a genetically modified T cell comprising
an isolated nucleic acid sequence encoding a chimeric antigen receptor (CAR), wherein the
isolated nucleic acid sequence comprises the nucleic acid sequence of a FRu binding domain
and the nucleic acid sequence of a 4-1BB costimulatory domain, thereby treating cancer in the

subject.
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40. A method of generating a persisting population of genetically engineered T
cells in a subject diagnosed with ovarian cancer, the method comprising: administering to the
subject an effective amount of a genetically moditied T cell comprising an isolated nucleic
acid sequence encoding a chimeric antigen receptor (CAR), wherein the isolated nucleic acid
sequence comprises the nucleic acid sequence of a FRa binding domain and the nucleic acid
sequence of a 4-1BB costimulatory domain, wherein the persisting population of genetically

engineered T cells persists in the subject for at least one month after administration.

41, The method of claim 40, wherein the persisting population of genetically

engineered T cells persists in the human for at least three months after administration.
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