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DESCRIPTION

ENGINEERING AND DELIVERY OF THERAPEUTIC COMPOSITIONS OF
FRESHLY ISOLATED CELLS

BACKGROUND OF THE INVENTION
This application claims priority to United States Provisional Patent
Application Serial No. 61/043,653, filed on April 9, 2008. The entirety of the above-

referenced disclosure is incorporated by reference.
1. Field of the Invention

The present invention relates generally to the fields of cell biology, cancer
biology, and immunology. More particularly, it concerns cells that have been
engineered by loading them with chemical and biological agents and the resultant

entities used as therapeutics in the treatment of multiple indications, including cancer.
2. Description of Related Art

Mononuclear cells, encompassing for example hematopoictic stem cells,
mesenchymal stem cells, endothelial progenitor cells, adipose derived stem cells, and
peripheral blood mononuclear cells (PBMC), have been used in multiple applications
for treatment of immune diseases and in regenerative medicine applications (Passweg
J and Tyndall A., Semin Hematol. 2007 Oct. 44(4):278-85; Le Blanc K and Ringdén
O. Intern Med. 2007 Nov. 262(5):509-25; Ward et al. Catheter Cardiovasc Interv.
2007 Dec. 1 70(7):983-98; Mimeault et al., Clin Pharmacol Ther. 2007 Sep.
82(3):252-64 Epub 2007 Aug 1).

Peripheral blood mononuclear cells (PBMC) are comprised of cells of myeloid
and lymphoid lineages. Myeloid cells, such as monocytes, macrophages, dendritic
cells (DC), when loaded with antigens have been demonstrated to be effective antigen
presenting cells for generation of tumor-antigen specific immune responses for
treatment of cancer or for modulation of self-antigen specific T cells and regulatory T
cells in control of autoimmunity (Gilboa E., J Clin Invest. 2007 May 117(5):1195-
203). Lymphoid cells, such as T cells, NK cells, B cells, lymphoid DC, are effective

mediators of immune responses and can be further harnessed to also present antigen
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and stimulate naive and memory responses (Hong C and Park SH. Crit Rev Immunol.

2007 27(6):511-25; Martino A and Poccia F, Curr Mol Med. 2007 Nov. 7(7):658-73).

Antigen Presenting Cells (APC) are important sentinels for detecting and
presenting antigens to the immune effector cells. They have been extensively studied
for becoming the effective therapeutic agents. Factors of antigen-loading, process and
presentation in the context of state of maturity of APC to engage effector cells are
major concerns in the design and development of APC-based immunotherapies and
vaccines. Electroloading of tumor antigens, provided in the form of nucleotides
(DNA, mRNA) or proteins/lysates or multimeric antigenic formulations, allows for
effective uptake and processing of antigens in freshly isolated cells without requiring
efficient maturation of APC antigen uptake mechanisms. Further other chemical
and/or biological agents can be electro-loaded into APC to affect antigen-processing,
processed antigen presentation, or immuno-regulatory environment in subject/patient
such that the effective biological activity of electro-loaded APC is engineered to be
superior to that of naive freshly isolated APC. Such antigen-loading or antigen-
loading combined with enhancement of biological activity for freshly isolated (naive)
APC is a unique attribute of the composition of PBMC thus loaded allowing for rapid
formulation and delivery of product to subject / patient. Such biological activity
otherwise would only be imparted following processes that require elaborate cell
culture, expansion, differentiation, maturation of other manipulation processes that do
not lend themselves to delivery of a therapeutic composition of APC immunotherapy
and vaccine products in clinically relevant timeframe for administration to

subject/patient in a hospital/physician’s office setting.

NK and T cells are important mediators of viral and tumor immune responses.
They have been extensively studied for becoming the efficient therapeutic agents.
Factors of efficient and specific target cell killing, procedure simplicity, cell
availability and low graft versus host disecase (GvHD) are the major concerns.
Chimeric receptor constructs have been described which, when expressed in cells of
the immune system, can enhance the immunological specific response to tumor cells
and thereby bring clinical benefit to cancer patients. Expanded NK and T cells
expressing a chimeric receptor can overcome HLA-type-related inhibition of the

expanded NK cell killing and T cell receptor (TCR)-required T cell killing of targeted
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tumor cells (Imai et al. 2004). However, considering the simplicity of using resting
NK or T cells, if the resting NK or T cells, either autologous or allogeneic, could be
engineered to have both efficient and specific target cell killing, it will be the desired
for the tumor therapy. Furthermore, if resting peripheral blood lymphocytes (PBL) or
even peripheral blood mononuclear cells (PBMC) could be engineered to have both
efficient and specific target cell killing, it will be the most desired for the tumor
therapy because of procedural simplicity and cell availability. Regular retroviral
vectors could not infect resting NK or T cells. Lentiviral vectors have been used to
transfect resting peripheral blood lymphocytes (Simmons et al. 2006). Unfortunately,

use of viral vectors entails safety and practical problems for clinical application.

Electroporation is a well recognized method for loading nucleic acids into
cells to achieve transfection of the loaded cells. The terminology of electroporation,
electrotransfection and electroloading have been interchangablly used in the literature
with emphasis on general meaning of this technology, the transgene expression and
the transference of molecules into cytoplasm, respectively. Hereinafter this method of
transfecting cells is referred to as eclectroloading that is the method using
electroporation with no transfecting reagent or biologically based packaging of the
nucleic acid being loaded, such as a viral vector or viral-like particle, relying only on
a transient electric field being applied to the cell to facilitate loading of the cell.
Within electroporation, nucleofection is a special one involving a transfection reagent
helping the transferred DNA in the cytoplasm to the nucleus. Nucleofection has been
reported to transfect resting T cells and NK cells using plasmid DNA treated with a
proprictary nucleofection agent (Maasho et al., 2004). It was also demonstrated that
resting T cell nucleofection of chimeric receptor could lead to specific target cell
killing (Finney, et al, 2004). Many reports showed that nucleofection or
electroloading with DNA resulted in cell toxicity to resting hematopoietic cells
including lymphocytes, dendritic cells and NK cells (Trompeter et al. 2003; Li et al.
2006; Li et al. 2001; Li et al. 1999; Landi et al., 2007, Van D¢ Parre ¢t al. 2005;
Maasho et al. 2004; Abbott et al. 2006). Nucleofected resting NK cells or
electrotransfected resting hematopoietic cells showed good transient viability and
efficient transgene expression within a few hours after transfection and low viability
after approximated 28 and 52 hours post-nucleofection and much decreased

expression of a transgene at these times (Trompeter et al. 2003). Accordingly, this
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method of transient DNA transfection would not provide for a clinically useful
preparation of transiently modified resting NK and T cells. Moreover, the
transfection efficiency of fresh resting NK cells was about half that of growing NK

cell lines.

Loading of cells with mRNA brings several advantages, and potentially could
overcome problems associated with DNA transfection, especially in respect to resting
cells and cells that will be infused into a patient. First, mRNA, especially when
loaded by electroloading results in minimal cell toxicity relative to loading with
plasmid DNA, and this is especially true for electroloading of resting cells such as
resting NK and peripheral blood mononuclear cells (PBMC) cells. Also, since mRNA
need not enter the cell nucleus to be expressed resting cells readily express loaded
mRNA. Further, since mRNA need not be transported to the nucleus, or transcribed
or processed it can begin to be translated essentially immediately following entry into
the cell’s cytoplasm. This allows for rapid expression of the gene coded by the
mRNA. Moreover, mRNA does not replicate or modify the heritable genetic material
of cells and mRNA preparations typically contain a single protein coding sequence,
which codes for the protein one wishes to have expressed in the loaded cell. Various
studies on mRNA electroloading have been reported (Landi et al., 2007; Van De Parre
et al. 2005; Rabinovich et al. 2006; Zhao et al., 2006).

For a number of medical reasons autologous immunotherapy with resting
unstimulated NK, T, PBL, and PBMC and allogeneic immunotherapy for resting
unstimulated NK cells can be advantageous for treatment of cancer. In this context a
method that allows removal of cells from the patient, their treatment outside the body,
and their subsequent infusion in to the patient in minimal time, with minimal
intervening procedure, and with minimal addition of foreign materials, particularly
materials that contain replicating genetic information, or are antigenic, is desired for
safety, and reasons of cost and efficiency. A method that allows modification of these
cells without need of extensive cell culture, more specifically without the need for the
cells to undergo cell division outside the body, comprises loading only of a nucleic
acid that codes for only the therapeutic protein and which is not capable of replicating
in the cells or modifying the genome of the cell that has been removed from the

patient, and which will be returned to the patient, and which additionally does not



10

15

20

25

30

WO 2009/126789 PCT/US2009/040040

involve the use of any other biologically or immunologically active components is

desired.
SUMMARY OF THE INVENTION

The ability to load freshly prepared unsitmulated resting PBMCs using a
method that only employs nucleic acids (DNA, mRNA, microRNA or RNAI),
proteins and small molecules without requiring additional synthetic transfection
reagents or viral vectors provides for a transfusion-medicine approach to development
of immunotherapy products whereby PBMCs are removed from a patient or allogenic
donor, electroloaded, a process defined herein as electrotransfection, and soon
thereafter reinfused into the patient to effect enhanced biological activity in PBMC
cell populations leading to enhanced therapeutic effects for treatment of patients.
This therapeutic approach simplifies the procedure of obtaining therapeutic
compositions of cells that otherwise could only be obtained following extensive
manipulation, including culture, activation, expansion and genetic modification of the
expanded cells. As used herein, a peripheral blood mononuclear cell (PBMC) refers
to a blood cell having a nucleus, such as a lymphocyte or monocyte. An
“unstimulated” PBMC refers to a PBMC that has not been activated, such as by a

cytokine or antigen.

Certain embodiments of the present invention provide methods whereby a
nucleic acid, such as a DNA or a mRNA, coding for a genetically engineered receptor
is loaded into NK cells, including resting primary NK cells, by means of
electroloading to provide transiently transfected NK cells that express the chimeric
receptor encoded by the nucleic acid. Also disclosed are methods for transfection of
NK cells with nucleic acids, such as DNAs or mRNAs, encoding for more than one
chimeric receptor or a combination of a chimeric receptor with other chemical and/or
biological agents. In some embodiments, the present invention also provides for
engineering NK cells by loading with a nucleic acid, such as a DNA or a mRNA,
encoding for a chimeric receptor which can be used as an immunotherapeutic cell

therapy for the treatment of cancer or disease of the immune system.

In one embodiment, the present invention provides a method for transiently

modifying a resting primary peripheral blood mononuclear cell (PBMC) to expresses
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a chimeric receptor on its surface comprising: isolating resting primary PBMCs; and
electroloading the PBMCs with a nucleic acid, such as a DNA or an mRNA, encoding
a chimeric receptor, whereby the electroloaded PBMCs express the chimeric receptor
on its surface. In certain aspects of the invention the PBMCs are monocytes. In some
aspects of the invention, the PBMCs are peripheral blood lymphocytes (PBLs). In
some embodiments, the lymphocytes are natural killer (NK) cells, CD3+ T cells,
and/or CD8+ T cells. Resting PBMCs are PBMCs directly collected from peripheral
blood or are thawed PBMCs that were frozen directly after collection from peripheral
blood. Resting PBMCs may be cultured for a short time (e.g., less than 2 days) with
or without specific stimulation of cytokines or ligands to stimulate cell activation for

cell number expansion.

In one embodiment, the present invention provides a method for transiently
modifying a natural killer (NK) cell to expresses a chimeric receptor on its surface
comprising: isolating an NK cell; and electroloading the NK cell with a nucleic acid,
such as a DNA or an mRNA, encoding a chimeric receptor, whereby the

electroloaded NK cell expresses the chimeric receptor on its surface.

The NK cell may be a resting NK cell or a growing NK cell line. Resting NK
cells are NK cells directly collected from peripheral blood or are thawed NK cells that
were frozen directly after collection from peripheral blood. Resting NK cells may be
cultured for a short time (e.g., less than 2 days) with or without specific stimulation of
cytokines or ligands to stimulate cell activation for cell number expansion. Growing
NK cells are cells that have undergone cell stimulation/activation with a cytokine and

ligand to activate cells to expand in cell number.

An “isolated” NK cell or “isolating” an NK cell refers to separating NK cells
from non-NK cells such as red blood cells, monocytes, T cells, and B cells. A variety
of methods are known for the isolation of NK cells and kits are commercially
available for this purpose. When NK cells are being isolated from whole blood, it
may be desirable to first separate (by centrifugation, for example) the red blood cells
from immune-system cells, and then to further separate the NK cells from other types
of immune-system cells. One approach for separating NK cells from other cells is
based on the expression of different surface markers on different cell types. For

example, one can select for NK cells with antibodies that bind CD56 or CD16, which
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are expressed on the surface of NK cells, for positive selection. Thus, in one aspect of
the invention, isolating NK cells comprises separation of CD56+ cells from CD56-
cells. In another aspect of the invention, isolating NK cells comprises separation of
CD16+ cells from CD16- cells. In a further aspect of the invention, isolating NK cells
comprises separation of CD56+ and CD16+ cells from CD56- and CD16- cells.
Antibodies used for isolating NK cells will generally be attached to a solid support
and/or magnetic particles (e.g., magnetic beads) to facilitate the separation of the
captured cells from those cells that were not bound by the antibody. Isolation of NK
cells may also comprise depletion (i.c., negative selection) of non-NK cells from the
sample by binding surface markers, such as CD14, CD3, and/or CD19, which are not
expressed on the surface of NK cells. Thus, in one aspect of the invention, isolating

NK cells comprises depleting CD14+, CD3+, and/or CD19+ cells from the sample.

An “isolated” T cell or “isolating” a T cell refers to separating T cells from
non-T cells such as red blood cells, monocytes, NK cells, and B cells. A variety of
methods are known for the isolation of T cells and kits are commercially available for
this purpose. When T cells are being isolated from whole blood, it may be desirable
to first separate (by centrifugation, for example) the red blood cells from immune-
system cells, and then to further separate the T cells from other types of immune-
system cells. One approach for separating T cells from other cells is based on the
expression of different surface markers on different cell types. For example, one can
select for T cells with antibodies that bind CD3, which is expressed on the surface of
T cells, for positive selection. Isolation of T cells may also comprise depletion (i.e.,
negative selection) of non-T cells from the sample by binding surface markers, such
as CD56 and CD16, which are not expressed on the surface of T cells. PBLs, may be
isolated from other non-PBL PBMCs by culturing the PBMCs in a container (e.g.,
flask) and removing the cells that attach to the surface of the container after about 1-2

hours.

The purity of isolated cells may be determined by, for example, fluorescence-
activated cell sorting (FACS). In one embodiment of the invention, isolating NK cells
or T cells comprises isolating peripheral blood lymphocytes (PBLs) from other cells,
such as red blood cells and monocytes. In certain aspects, the PBLs comprise at least

70%, 80%, 90%, 95%, 97%, 99%, or 99.5% of the cells in a composition. In another
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embodiment of the invention, isolating NK cells comprises isolating the NK cells
from all other types of cells, including other PBLs. In certain aspects, the NK cells
comprise at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 97%, 99%, or
99.5% of the cells in a composition. In another embodiment of the invention,
isolating T cells comprises isolating the T cells from all other types of cells, including
other PBLs. In certain aspects, the T cells comprise at least 90%, 95%, 97%, 99%, or

99.5% of the cells in a composition.

The terms “transient transfection” and “transiently modifying” refer to the
introduction of a nucleic acid molecule into a cell using a transfection process that
does not usually result in the introduced nucleic acid molecule being inserted into the
nuclear genome, the introduced nucleic acid molecule is, therefore, lost as the cells
undergo mitosis. In contrast, “stable transfection” refers to a transfection process in
which cells that have integrated the introduced nucleic acid molecule into their
genome are selected. In this way, the stably transfected nucleic acid remains in the
genome of the cell and its daughter cell after mitosis. The term “transiently
expressing” refers to the transient expression of a nucleic acid molecule in a

transiently transfected cell.

In one embodiment, the present invention provides a method of treating a
hyperproliferative disease in a subject comprising: obtaining isolated resting primary
peripheral blood mononuclear cells (PBMCs); electroloading the PBMCs with a
nucleic acid, such as a DNA or an mRNA, coding for a chimeric receptor, whereby
the electro-loaded PBMCs express the chimeric receptor on its surface; and
administering the transfected PBMCs to the subject to treat the hyperproliferative
disease in the subject. In certain embodiments, the PBMCs are obtained from a donor
other than the subject being treated. In other embodiments, the PBMCs are obtained
from the subject with the hyperproliferative disease.

In one embodiment, the present invention provides a method of treating a
hyperproliferative disease in a subject comprising: obtaining isolated NK cells from a
subject with a hyperproliferative disease or from a donor; electroloading the NK cells
with a nucleic acid, such as a DNA or an mRNA, coding for a chimeric receptor,
whereby the electroloaded NK cells express the chimeric receptor on their surfaces;

and administering the transfected NK cells to the subject to treat the
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hyperproliferative disease in the subject. In certain embodiments, the NK cells are
freshly collected primary NK cells. In one aspect, the freshly collected primary NK
cells are isolated and electro-loaded immediately after they are obtained from the

subject.

In some embodiments, the freshly collected primary PBMCs are collected,
isolated, and transfected within about 0.5 to 3 hours, 0.5 to 2 hours, or 0.5 to 1 hour.
In some embodiments, the freshly collected primary PBMCs are frozen immediately
after being collected from patient. The PBMCs may be frozen in peripheral blood or
they may be isolated and then frozen or they may be isolated, transfected and then
frozen. Thus, in certain aspects of the invention, fresh primary PBMCs may be
thawed cells that were frozen immediately after collection from a patient/donor or
immediately after isolation following collection. In some embodiments, the
transfected cells are administered to the patient within about 1 to 48 hours, 1 to 24
hours, 1 to 15 hours, 1 to 10 hours, or 1 to 5 hours from the time the cells were
originally obtained from the patient or donor. In some aspects, freshly collected cells
are cells that have been collected from a subject but have not undergone cell division
outside of the subject; thus, administering freshly collected cells to a subject would

refer to administering cells that have not undergone cell division outside of a subject.

In certain embodiments, the subject is a human. In one embodiment, the
hyperproliferative disease is cancer. It is contemplated that any type of cancer can be
treated with the methods and compositions disclosed herein, including, for example,
breast cancer, lung cancer, prostate cancer, ovarian cancer, brain cancer, liver cancer,
cervical cancer, colon cancer, renal cancer, skin cancer, hcad & neck cancer, bone
cancer, esophageal cancer, bladder cancer, uterine cancer, lymphatic cancer, stomach
cancer, pancreatic cancer, testicular cancer, or leukemia. The leukemia may be, for
example, acute lymphocytic leukemia (ALL), acute myelogenous leukemia (AML),
chronic lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML), or
mantle cell lymphoma (MCL).

The transfected cells may be administered to the subject by methods well
known to those of skill in the art. For example, the transfected cells may be
administered by intravenous injection, intraarterial injection, intralymphatic injection,

intramuscular injection, intratumoral injection, or subcutancous injection. It is also



10

15

20

25

30

WO 2009/126789 PCT/US2009/040040

contemplated that the transfected cells may be administered intraperitoneally. The
transfected cells may be administered to the subject at or near a tumor in the subject,
or to a site from which a tumor has been surgically removed from the subject.
However, it is not necessary that the transfected cells be administered at the tumor site
to achieve a therapeutic effect. Thus, in certain embodiments the transfected cells
may be administered at a site distant from the tumor site. A medical practitioner will
be able to determine a suitable administration route for a particular subject based, in
part, on the type and location of the hyperproliferative disease. The transfected cells
may be administered locally to a disease site, regionally to a disease site, or
systemically. In one embodiment, the cells are administered by intravenous injection
or intralymphatic injection. In another embodiment, the transfected cells are
administered locally to a tumor site, such as by intratumoral injection. In some
embodiments, the transfected cells are administered back in to the patient in less than
48 hours, less than 24 hours, or less than 12 hours from the time from when the
peripheral blood is collected from the donor. In certain aspects of the invention, the
transfected cells are administered back in to the patient within about 1 to 48 hours, 1
to 24 hours, 1 to 15 hours, 1 to 12 hours, 1 to 10 hours, or 1 to 5 hours from the time
the NK cells were originally obtained from the donor. The donor and the subject
being treated may be the same person or different people. Thus, in some
embodiments the cells are autologous to the subject; and in other embodiments, the

cells are allogenic to the subject.

The chimeric receptor will generally be selected based on the cell being
targeted for killing. Thus, in one embodiment of the invention, the chimeric receptor
is a chimeric receptor that binds a tumor antigen. CD19 is expressed on B-lincage
cells. Accordingly, to kill leukemic B cells an anti-CD19 chimeric receptor could be
expressed on the surface of a PBMC, such as a NK cell, which would enhance
interaction between the modified NK cells and B cells. Thus, in one embodiment of
the invention, the chimeric receptor is an anti-CD 19 chimeric receptor. In one aspect,
the anti-CD19 chimeric receptor is an anti-CD19BBz encoding a single chain
antibody conjugated with the 4-1 BB intercellular domain and the CD3{ domain. In
certain embodiments, the chimeric receptor is an anti-CD20, anti-FBP, anti-TAG-72,
anti-CEA, anti-carboxyanhydrase IX, nati-CD171, anti-IL-13 receptor, anti-G(D)2,

anti-PSMA, anti-mesothelin, anti-Lewis-Y, or anti-CD30 chimeric receptor. CARs

10
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directed to these antigens may be used to treat the diseases associated with the cells
that express these antigens. For example, these antigens have been associated with at
least the following tumors: CD-19 (leukemia), FBP (ovarian), TAG-72 (colorectal),
CEA (colorectal, breast, gastric), carboxyanhydrase IX (renal), CDI171
(neuroblastoma), IL-13 receptor (glioblastoma), G(D)2 (neuroblastoma), PSMA
(prostate), mesothelin (pancreatic), Lewis-Y (myeloma), or CD30 (cutancous
lymphoma). In certain aspects of the invention, the chimeric receptor does not
contain an intracellular domain. In certain embodiments, the chimeric receptor does

not contain a CD28 intracellular domain.

In another embodiment, the present invention provides a composition
comprising: an clectroloaded PBMC transiently expressing transgene encoded by a
nucleic acid, such as a DNA or an mRNA, coding for a chimeric receptor, whereby
the chimeric receptor is expressed on the surface of the electro-loaded PBMC; and a
pharmaceutically acceptable carrier. In one aspect of the invention, the PBMC is a
resting PBMC. In another aspect of the invention, the composition is frozen. The
chimeric receptor may be, for example, an anti-CD19 chimeric receptor. In some
embodiments, the composition does not contain a DNA, such as a DNA plasmid,
encoding the chimeric receptor. In certain embodiments, the composition is free or

substantially free of viral vectors and viral-like particles.

In one embodiment, the present invention provides a composition comprising:
an electrotransfected NK cell transiently expressing transgene encoded by a mRNA
coding for a chimeric receptor, whereby the chimeric receptor is expressed on the
surface of the electrotransfected NK cell; and a pharmaceutically acceptable carrier.
In one aspect of the invention, the NK cell is a resting NK cell. In another aspect of
the invention, the composition is frozen. The chimeric receptor may be, for example,
an anti-CD19 chimeric receptor. In some embodiments, the composition does not
contain a DNA, such as a DNA plasmid, encoding the chimeric receptor. In certain
embodiments, the composition is free or substantially free of non-NK cells. In certain
aspects, at least 60%, 80%, 90%, 95%, 96%, 96%, 98%, 99%, 99.5%, or 99.9% of the

cells in the composition are NK cells.

The present invention also provides for loading antigens into PBMCs, and in

particular in to antigen presenting cells (APCs), or for loading said antigens along
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with other chemical or biological agents that enhance effectiveness of antigen
processing, antigen presentation, cell trafficking and localization, and control of
immunoregulatory environment in a subject/patient, to facilitate use of freshly
isolated (naive) and electro-loaded PBMCs as therapeutic compositions and methods

for treatment of cancer and immune discases.

Those of skill in the art are familiar with methods of electroporation. The
electroporation may be, for example, flow electroporation or static electroporation. In
one embodiment, the method of transfecting the cancer cells comprises use of an
electroporation device as described in U.S. Patent Application Serial No. 10/225,446,
incorporated herein by reference. Methods and devices for electroporation are also
described in, for example, published PCT Application Nos. WO 03/018751 and WO
2004/031353; US Patent Application Nos. 10/781,440, 10/080,272, and 10/675,592;
and US Patent Nos. 5,720,921, 6,074,605, 6,773,669, 6,090,617, 6,485,961,
6,617,154, 5,612,207, all of which are incorporated by reference.

It is contemplated that any method or composition described herein can be

implemented with respect to any other method or composition described herein.

Any embodiment of any of the present methods, devices, and systems may
consist of or consist essentially of—rather than comprise/include/contain/have—the
described steps and/or features. Thus, in any of the claims, the term “consisting of”” or
“consisting essentially of” may be substituted for any of the open-ended linking verbs
recited above, in order to change the scope of a given claim from what it would

otherwise be using the open-ended linking verb.

(13

The use of the term “or” in the claims is used to mean * and/or” unless
explicitly indicated to refer to alternatives only or the alternatives are mutually
exclusive, although the disclosure supports a definition that refers to only alternatives

and “and/or.”

Throughout this application, the term “about” is used to indicate that a value
includes the standard deviation of error for the device or method being employed to

determine the value.
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Following long-standing patent law, the words “a” and “an,” when used in
conjunction with the word “comprising” in the claims or specification, denotes one or

more, unless specifically noted.

Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however,
that the detailed description and the specific examples, while indicating specific
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become

apparent to those skilled in the art from this detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included
to further demonstrate certain aspects of the present invention. The invention may be
better understood by reference to one or more of these drawings in combination with

the detailed description of specific embodiments presented herein.

FIGs. 1A-1E. Macromolecule loading/transfection in expanded NK cells.
FIG. 1A shows that FITC-dextran (500k MW) could be efficiently loaded into
expanded NK cells. FIG. 1B shows that FITC-siRNA (21-mer) could be efficiently
loaded into expanded NK cells. FIG. 1C shows that DNA plasmid encoding ¢GFP
driven by CMV promoter could be transfected into 6-day expanded NK cells. FIG. 1D
shows that mRNA encoding eGFP could be efficiently transfected into expanded NK
cells with no significant viability lose. FIG. 1E shows proliferation of eGFP-mRNA

transfected cells.

FIGs. 2A-2B. Transfection of mRNA encoding anti-CD19 chimeric receptor
in expanded NK cells. FIG. 2A shows that 65% of viable cells could express anti-
CD19 chimeric receptor. FIG. 2B shows that the anti-CD19 chimeric receptor

expression was mRNA concentration dependent, and could express up to 4-5 days.

FIGs. 3A-3D. Resting NK cells could be efficiently transfected with mRNA.
FIG. 3A shows NK cell phenotype after Miltenyi bead isolation. FIG. 3B shows that
resting NK cells could be efficiently transfected with mRNA encoding eGFP or anti-
CD19 chimeric receptor. FIG. 3C shows the expression duration of the anti-CD19
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chimeric receptor in resting NK cells. FIG. 3D shows a summary of viability and

expression level of resting NK cells from two donors.

FIGs. 4A-4B. Effect of CD3+ cells on OP-1 killing by transfected NK cells.
FIG. 4A shows that CD3+ cells could be efficiently depleted with Dynal bead from
28% to 0.4%. FIG. 4B shows that either depletion or no depletion of CD3+ cells from
expanded NK cells did not affect the NK cell killing of OP-1 cells.

FIGs. 5A-5C. Specificity of NK cell killing. FIG. 5A shows that proper
transfection resulted in expression of the transgene. FIG. 5B shows typical FACS
data that GFP-expressed NK cells did not kill CD19-PE+ OP-1 cells (3rd panels from
left). Only anti-CD19 chimeric receptor-expressed NK cells killed OP-1 significantly
(4th panels from left). FIG. 5C shows a summary of anti-CD19 chimeric receptor-
specific OP-1 killing.  Electroporation alone (calcein-AM method) and GFP-
transfected NK cells (antibody staining) did not kill OP-1. Anti-CD19 chimeric
receptor-expressed NK cells significantly killed OP-1.

FIGs. 6A-6D. Duration of killing by expanded NK cells transfected with anti-
CD19 chimeric receptor. Killing was analyzed by calcein-AM method, set up at 3h
(FIG. 6A), 1 day (FIG. 6B), 2 days (FIG. 6C), and 3 days (FIG. 6D) post transfection,
and analyzed after 4 hours or 1 day killing.

FIGs. 7A-7B. OP-1 cell killing by NK cells from two different donors. FIG.
7A shows that NK cells expanded from two different donors led to similar and
significant OP-1 cell killing. FIG. 7B shows that resting NK cells from two different
donors led to similar and significant OP-1 cell killing.

FIGs. 8A-8B. Allogeneic primary B-CLL cell killing by anti-CD19 chimeric
receptor-expressed NK cells. FIG. 8A shows significantly higher cell killing of B-
CLL cells by expanded NK cells with anti-CD19 chimeric receptor expression than
that by naive expanded NK cells. B-CLL cells were from two donors. FIG. 8B
shows that B-CLL cells could be specifically killed by resting NK cells with anti-
CD19 chimeric receptor expression. The killing was efficient for at least 2 days after

transfection.
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FIGs. 9A-9D. DNA uptake is toxic to resting PBL. Resting PBL was
electroporated in the presence of plasmid DNA encoding for eGFP under CMV
promoter, mRNA encoding for the ¢GFP and macromolecule FITC-dextran (500kD).
The viability and the expression level were monitored by trypan blue exclusion and
flow cytometry analysis for up to 7 days post transfection. FIG. 9A shows typical
FACS analysis data. FIG. 9B shows dependence of viability on time post transfection.
FIG. 9C shows dependence of viable cell numbers on time post transfection. FIG. 9D

shows dependence of expression on time post transfection.

FIGs. 10A-10B. DNA uptake resulted in enhanced apoptosis in resting PBL.
Resting PBL was transfected with 200ug/ml of plasmid DNA encoding for DsRed
under CMV promoter and analyzed 1d post transfection. The transfected cells were
labeled with apoptosis indicator FITC-VAD-FMK (Promega, Madison, WI) following
the product instruction. Apoptosis and transgene expression of the transfected cells
were analyzed by FACS (FIG. 10A). The transfected cells without EP, DNA or
caspase inhibitor (Enzyme System Product, Livermore, CA) (-E-D-I), with EP but
without DNA or caspase inhibitor (+E-D-I), with EP and caspase inhibitor but without
DNA (+E-D+I), with EP and DNA but without caspase inhibitor (+E+D-I), and with
EP, DNA and caspase inhibitor (+E+D-+I) were analyzed with Cell Death Detection
ELISAPLUS kit (Roche, Indianapolis, IN) (FIG. 10B). Caspase inhibitor could only
slow the cell death of the DNA-transfected resting PBL, not stop it (data not shown).

FIG. 11A-11E. oCDI19 chimeric expression in resting PBMC (FIG. 11A),
resting NK cells (FIG. 11B), resting PBL (FIG. 11C), resting PBMC from CLL
patient (FIG 11D), resting T cells from CLL cells (FIG 11E). —E or +E denotes the
samples with or without transfection. -CD19 or +CD19 represents the samples with

or without addition of 5x10%ml (about 3% of the total cells in culture) autologous

CD19+ CLL cells. 100 IU/ml hIL-2 was added in the cell culture.

FIG. 12A-12D. Characteristics of transfected resting PBL with aCDI19
chimeric receptor. FIG. 12A shows dependence of viability of transfected PBL on
time post transfection. FIG. 12B shows dependence of viable cell recovery on time
post transfection. FIG. 12C shows expansion of transfected PBL analyzed with CFSE.
FIG. 12D shows expansion of CD3+ cells analyzed with CFSE.
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FIG. 13A-13D. Specificity of allogeneic target cell/cell line killing by aCD19
chimeric receptor-transfected resting PBL. FIG. 13A shows typical FACS analysis
result of OP-1 cell line killing. FIG. 13B shows specific OP-1 killing by 2 donors of
transfected PBL. FIG. 13C shows non-specific K562 cell killing by transfected PBL.
FIG. 13D shows specific CLL cell killing.

FIG. 14A-14E. Specific autologous B (FIG. 14 A-C) or purified-CD19+ CLL
(FIG. 14 D and E) cell killing by Resting NK cells (1d post transfection) (FIG. 14A);
resting PBMC (3d post transfection) (FIG. 14B); Resting PBL (FIG. 14C, 1d post
transfection); resting PBMC from CLL patient (FIG. 14D, 2d post transfection) and
resting CD3+ cells from CLL patient (FIG. 14E, 3d post transfection) after

transfection with «CD19 chimeric receptor.

FIG. 15A-15D. Duration of specific killing of autologous B cells by
transfected resting PBL with aCD19 chimeric receptor. The four-hour killing assay
was performed at 1d post transfection (FIG. 15A), 2d post transfection (FIG. 15B), 3d
post transfection (FIG. 15C), and 7d post transfection (FIG. 15D).

FIG. 16. HS-Sultan lymphoblastic cell killing by CAR-transfected PBMCs in

vitro.

FIG. 17. HS-Sultan lymphoblastic cell killing by CAR-transfected PBMCs in
vivo. HS-Sultan cells (1e6 cells) mixed with CAR-transfected PBMCs (0.7¢6, 2.3¢6,
6.7¢6 and 20e6 respectively) were injected subcutaneously into beige SCID mice. The

tumor volume was measured at indicated time points.

FIG. 18. Cytokine-induced NK cells (LAK) transfected with mRNA
encoding anti-CD19-BBz exhibit greater cytotoxicity against HS-Sultan cells than
stimulated LAK that were not transfected with mRNA encoding anti-CD19-BBz.

FIG. 19. The effect of intracellular domains on CAR expression in expanded
T cells. The percent CAR expression is shown on the y axis. The time post

transfection is shown on the x axis.
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FIG. 20. The effect of intracellular domains on CAR expression in expanded
T cells. The MFI is shown on the y axis. The time post transfection is shown on the x

axis.

FIG. 21. K562 killing by expanded T cells transfected with CARs linked to

different intracellular domains.

FIG. 22. The CD28 intracellular domain deceases expression of CARs faster

in T cells than in unstimulated resting PBMCs.

FIG. 23. Unstimulated resting PBMCs transfected with the ss1-28z CAR

maintained K562+ cell killing at four days post transfection.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The present invention provides methods and compositions for the prevention
and treatment of diseases, such as cancer and other hyperproliferative diseases. In
certain embodiments, present invention provides methods for the preparation of
transiently modified NK, T, PBL, and/or PBMC cells that provide previously
unattained levels of cell viability following transfection, expression of a chimeric
receptor that enhances specific anti-tumor activity by the modified cells, convenience
and clinical applicability in autologous and allogeneic immunotherapeutic regimen,
and improved precision in the transient modification, and safety in terms of risk of
engineering of transfected cells. The methods are applicable to a wide range of

chimeric receptor constructs and therapeutic proteins.

The ability to load freshly obtained resting unstimulated cells, from sources
such as, for example peripheral blood, bone marrow, fat or other organ/tissue sources,
using a method that employs transient energy delivery to facilitate transfer of
chemical and/or biological agents, such as for example nucleotides (DNA, mRNA,
microRNA or RNAI), proteins and small molecules, across a lipid bi-layer to affect
the biological activity of desired cells within the freshly isolated cell population,
wherein the affected biological activity is enhanced compared to the freshly isolated
(non-loaded) cell compositions, and wherein the said composition of engineered cells
can be safely delivered within a clinically relevant time-frame to a patient within a
hospital and/or physician’s office setting without requiring extensive needs for

culture, expansion, differentiation or manipulation of cells, provides for unique
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therapeutic compositions of cells, in the context of a transfusion-medicine like
approach to the development and delivery of novel therapeutic products, as effective

treatment for multiple immune diseases.

Specifically, an approach to development of immunotherapy products
whereby unstimulated mononuclear cells obtained from peripheral blood are obtained
from a patient, loaded with relevant chemical or biological agents using transient
delivery of energy, such as electrical, light, sound, heat, waves, and chemical and/or
biological mediation, to affect the biological activity of freshly isolated mononuclear
cells, and soon thereafter reinfused into the patient to effect enhanced biological
activity in specific mononuclear cell populations contained with the freshly isolated
cells leading to enhanced therapeutic effects for treatment of patients. This
therapeutic approach may provide an alternative to the use of purified, isolated, or
enriched cells, that need to be expanded/activated and transformed to impact their
biological activity (potency) and thus may be preferred in multiple situations

requiring medical interventions.

Mononuclear cells obtained from multiple sources (peripheral blood, bone
marrow aspirates, lipo-aspirates, tissue-specific perfusates / isolates) can be
effectively loaded with chemical and/or biological agents in a controlled manner
using electrical energy, thereafter referred to as electroloading, to obtain desired level
and duration of modulation of molecular pathways. Controlled intervention of
molecular pathways provides means for affecting biological activity of cells when
administered back to subject / patient, thus enhancing the ability to mitigate potency
and efficacy that is otherwise not provided for in the administration of unmodified,

freshly isolated cells.

A. Natural Killer Cells

In certain embodiments, the present invention employs genetically modified
natural killer cells in the treatment of hyperproliferative diseases. Natural killer cells
(NK cells) are a type of cytotoxic lymphocyte. NK cells are activated in response to
interferons or macrophage-derived cytokines, and they play a major role in the
rejection of tumors and cells infected by viruses. NK cells kill cancer cells and virally
infected cells by releasing small cytoplasmic granules called perforin and granzyme

that cause the target cell to die.
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NK cells are characterized by their lack of the T cell receptor (CD3) and their
expression of CD56 on their surface. Accordingly, these characteristics may be used
to separate NK cells from other cell types. In contrast to cytotoxic T lymphocytes

(CTL), NK cells do not require antigen activation and are not MHC restricted.

Cancer cells may evade killing by NK cells because self HLA molecules on
the cancer cells can bind to the killer immunoglobulin-like receptors (KIRs) and
inhibit the NK cell killing. The present invention provides methods and compositions

that overcome this inhibition and promotes NK cell killing of cancer cells.

B. T Cells

In some embodiments, the present invention employs genetically modified T
cells in the treatment of hyperproliferative diseases. T cells play a role in cell-
mediated immunity. One way in which T cells can be distinguished from other
lymphocytes, such as B cells and NK cells, is by the presence on their cell surface of
the T cell receptor (TCR). Activation of CD8+ T cells and CD4+ T cells occurs
through the engagement of both the T cell receptor and CD28 on the T cell by the
major histocompatibility complex (MHC) peptide and B7 family members on an
antigen presenting cell (APC). Engagement of the T cell receptor for antigen (TCR)
in the absence of CD28 costimulation can result in a long-term hyporesponsive state
termed clonal anergy (Schwartz, 2003). Anergic T cells show defective IL-2
production and proliferation upon restimulation via the TCR and CD28, and produce
other cytokines at reduced levels. Anergy may represent one mechanism of
peripheral tolerance (Ramsdell et al., 1989), and has been reported to occur in the
setting of non-productive anti-tumor immunity in vivo (Staveley-O’Carroll et al.,

1998).

C. Chimeric Receptors

Chimeric receptors generally comprise an extracellular antibody to specific
antigen on the target cell surface and an activation/stimulation domain in the
cytoplasm. chimeric receptor expression in NK, T, PBL, or PBMC cells directly links
the NK, T, PBL, or PBMC cells to target cells and consequently allow NK or T cells
to kill the target cells. Under this mechanism, the target cell killing can avoid the
HLA-type —related NK cell killing inhibition and T cell receptor (TCR)- requirement

for T cell-induced target cell killing. In one embodiment of the invention, the
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chimeric receptor is an anti-CD19 chimeric receptor comprising a single chain
antibody conjugated with the 4-1 BB intracellular domain and the CD3({ domain.
Chimeric receptor molecules are described in US 2004/0038886, which is

incorporated herein by reference.

D. Hyperproliferative Diseases

The invention may be wused in the treatment and prevention of
hyperproliferative diseases including, but not limited to, cancer. A hyperproliferative
disease is any disease or condition which has, as part of its pathology, an abnormal
increase in cell number. Included in such diseases are benign conditions such as
benign prostatic hypertrophy and ovarian cysts. Also included are premalignant
lesions, such as squamous hyperplasia. At the other end of the spectrum of
hyperproliferative diseases are cancers. A hyperproliferative disease can involve cells
of any cell type. The hyperproliferative disease may or may not be associated with an

increase in size of individual cells compared to normal cells.

Another type of hyperproliferative disease is a hyperproliferative lesion, a
lesion characterized by an abnormal increase in the number of cells. This increase in
the number of cells may or may not be associated with an increase in size of the
lesion. Examples of hyperproliferative lesions that are contemplated for treatment
include benign tumors and premalignant lesions. Examples include, but are not
limited to, squamous cell hyperplastic lesions, premalignant epithelial lesions,
psoriatic lesions, cutancous warts, periungual warts, anogenital warts,
epidermdysplasia verruciformis, intraepithelial neoplastic lesions, focal epithelial
hyperplasia, conjunctival papilloma, conjunctival carcinoma, or squamous carcinoma
lesion. The lesion can involve cells of any cell type. Examples include keratinocytes,

epithelial cells, skin cells, and mucosal cells.

E. Cancer

The present invention provides methods and compositions for the treatment
and prevention of cancer. Cancer is one of the leading causes of death, being
responsible for approximately 526,000 deaths in the United States each year. The term
“cancer” as used herein is defined as a tissue of uncontrolled growth or proliferation

of cells, such as a tumor.
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Cancer develops through the accumulation of genetic alterations (Fearon and
Vogelstein, 1990) and gains a growth advantage over normal surrounding cells. The
genetic transformation of normal cells to neoplastic cells occurs through a series of
progressive steps. Genetic progression models have been studied in some cancers,
such as head and neck cancer (Califano et al., 1996). Treatment and prevention of
any type of cancer is contemplated by the present invention. The present invention
also contemplates methods of prevention of cancer in a subject with a history of

cancer. Examples of cancers have been listed above.

F. Electroporation
Certain embodiments involve the use of electroporation to facilitate the entry
of one or more nucleic acid molecules into cells of the immune system, such as

natural killer (NK) cells.

As used herein, “electroporation” refers to application of an electrical current
or electrical field to a cell to facilitate entry of a nucleic acid molecule into the cell.
One of skill in the art would understand that any method and technique of
electroporation is contemplated by the present invention. However, in certain
embodiments of the invention, electroporation may be carried out as described in U.S.
Patent application serial no. 10/225,446, filed August 21, 2002, the entire disclosure

of which is specifically incorporated herein by reference.

In other embodiments of the invention, electroloading may be carried out as
described in U.S. Patent number 5,612,207 (specifically incorporated herein by
reference), U.S. Patent number 5,720,921 (specifically incorporated herein by
reference), U.S. Patent number 6,074,605 (specifically incorporated herein by
reference); U.S. Patent number 6,090,617 (specifically incorporated herein by
reference); and U.S. patent number 6,485,961 (specifically incorporated herein by

reference).

Other methods and devices for electroloading that may be used in the context
of the present invention are also described in, for example, published PCT
Application Nos. WO 03/018751 and WO 2004/031353; US Patent Application Nos.
10/781,440, 10/080,272, and 10/675,592; and US Patent Nos. 6,773,669, 6,090,617,
6,617,154, all of which are incorporated by reference.
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G. Pharmaceutical Preparations

1. Formulations

Pharmaceutical preparations of transfected cells for administration to a subject
are contemplated by the present invention. One of ordinary skill in the art would be
familiar with techniques for administering cells to a subject. Furthermore, one of
ordinary skill in the art would be familiar with techniques and pharmaceutical

reagents necessary for preparation of these cell prior to administration to a subject.

In certain embodiments of the present invention, the pharmaceutical
preparation will be an aqueous composition that includes the transfected cells that
have been modified to express genetically engineered receptor. In certain
embodiments, the transfected cell is prepared using cells that have been obtained from

the subject (i.c., autologous cells).

Pharmaceutical compositions of the present invention comprise an effective
amount of a solution of the transfected cells in a pharmaceutically acceptable carrier
or aqueous medium. As used herein, ‘“pharmaceutical preparation” or
“pharmaceutical composition” includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents
and the like. The use of such media and agents for pharmaceutical active substances
is well known in the art. Except insofar as any conventional media or agent is
incompatible with the transfected cancer cells, its use in the therapeutic compositions
is contemplated. Supplementary active ingredients can also be incorporated into the
compositions.  For human administration, preparations should meet sterility,
pyrogenicity, general safety and purity standards as required by the FDA Center for

Biologics.

The transfected cancer cells may be formulated for administration by any
known route, such as by subcutaneous injection, intramuscular injection, intravascular
injection, intratumoral injection, or application by any other route. A person of
ordinary skill in the art would be familiar with techniques for generating sterile
solutions for injection or application by any other route. Determination of the number
of cells to be administered will be made by one of skill in the art, and will in part be
dependent on the extent and severity of cancer, and whether the transfected cells are

being administered for treatment of existing cancer or prevention of cancer. The
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preparation of the pharmaceutical composition containing the transfected cells will be
known to those of skill in the art in light of the present disclosure. The transfected
cells may be administered with other agents that are part of the therapeutic regiment
of the subject, such as other immunotherapy or chemotherapy. In some embodiments,
about 1¢7, 1e8, 1¢9, or 1¢10, or any range derivable therein, of transfected cells are
administered per dose. In certain aspects, multiple doses may be administered over a
period of days, weeks, months, or year. A subject may receive, for example, 1, 2, 3,

4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 doses.

H. Examples

The following examples are included to demonstrate certain embodiments of
the invention. It should be appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques discovered by the
inventor to function well in the practice of the invention. However, those of skill in
the art should, in light of the present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and still obtain a like or similar

result without departing from the spirit and scope of the invention.
Example 1
Electroloading of NK cells with a DNA plasmid encoding a marker gene

NK cells were transfected using electroporation with a DNA plasmid carrying
an eGFP marker gene. One day after transfection, the viable and transfected NK cells
were assayed and found to be about 50% and 30% respectively, as shown in FIG. 1C.
When normalized to untransfected control cells, the viability of transfected NK cells
using this plasmid DNA was about 60%. Approximately 50% of the viable NK cells
expressed the eGFP marker gene. No significant change in phenotype was observed.
Even though NK cells could be transfected well 1 day post transfection, the
transfected NK cells lost their proliferation ability and viability because of DNA-
uptake mediated cytotoxicity. DNA transfection of NK cells, therefore, would not

result in meaningful clinical application.
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Example 2
Electroloading of expanded NK cells with mRNA coding for a marker gene

As shown in FIG. 1D, mRNA coding for eGFP was eclectrotransfected into
expanded NK cells. About 80% of the viable cells expressed GFP. At the same time,
the viability of NK cells was 67% in the untransfected control and 60% in the
transfected cells. When normalized to the untransfected control cells, the viability of
the transfected cells was 90%. The mRNA-transfected cells exhibited a reduced rate
of cell division for one day post-transfection, but they regained the normal cell
division rate subsequently. The transfected NK cells maintained approximately half of
the cell number relative to control untransfected cells 4 days post-transfection (FIG.

1E).
Example 3
Electroloading of expanded NK cells with mRNA coding for a chimeric receptor

An mRNA coding for an anti-CD19 chimeric receptor was loaded into NK
cells by electroloading. As shown in FIG. 2A, 65% of all the viable cells expressed
the anti-CD19 chimeric receptor as analyzed by flow cytometry one day post-
transfection. The expression of the anti-CD19 chimeric receptor increased with the
increase of mRNA concentration used in the electroloading. Using an mRNA
concentration of 200 pg/ml, expression of anti-CD19 chimeric receptor was observed
for 4 days following electroloading (FIG. 2B). Recovery of the anti-CD19 chimeric
receptor-modified NK cells was similar to that of cells electrotransfected with an

mRNA coding for the marker gene eGFP.
Example 4
Electroloading of unstimulated resting NK cells

Freshly collected resting NK cells were isolated from a peripheral blood
mononuclear cells (PBMC) population using immunoabsorbtion to magnetic beads
(Miltenyi Biotec, CD56+ NK Cell Isolation Kit). NK cells were negatively selected
attaining >90% purity with representation by minimal CD3+ cells (FIG. 3A).

Electroloading of mRNA encoding for anti-CD19 chimeric receptor resulted in
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expression of anti-CD19 chimeric receptor in between 50 and 60% of electro-loaded
resting NK cells (FIG. 3B) 1 day post-transfection. No significant decrease in the
expression of anti-CD19 chimeric receptor was observed in the electrotransfected NK
cells 2 days post-transfection from 1 day post-transfection (FIG. 3C). The viability of
un-clectroporated control cells and electrotransfected NK cells at 1 day post-
transfection was 75% and 60% respectively, and was about 80% for transfected cells
when normalized against un-electroporated control cells (FIG. 3D). GFP expression
of resting NK cells (>80%) and expanded NK cells (~80%, see Example 2 above)
when electrotransfected with mRNA encoding for ¢GFP was much more efficient
compared to the GFP expression of expanded NK cells (~50%) electrotransfected
with DNA plasmid encoding eGFP.

Example §

Killing of leukemia cells by NK cells electrotransfected with mRNA encoding a

chimeric receptor

To assay specific killing of leukemia cells by NK cells electrotransfected by
mRNA coding for a chimeric anti-CD19 receptor the cell line OP-1 was used as a
target cell. Lysis was carried out in the presence or absence of CD3+ cells. Depletion
of CD3+ cells in the expanded NK cell population using Dynal beads conjugated with
anti-CD3 antibody (Invitrogen, Carlsbad, CA) designed for removal of CD3+ cells by
positive selection following the manufacture’s protocol was carried out immediately
prior to electroloading with the mRNA encoding for the chimeric anti-CD19 receptor
(FIG. 4A). FIG. 4B shows the similar killing curve derived from the samples either
with or without CD3+ cell depletion.

The specificity of anti-CD19 chimeric receptor for killing leukemic cells was
confirmed by comparing killing by NK cells electrotransfected using mRNA encoding
for the chimeric anti-CD19 receptor to otherwise identical NK cells electrotranfected
using mRNA encoding for the marker gene eGFP or cells that received the same
electroporation treatment absent any exogenous mRNA. NK cells electroporated in
the absence of exogenous mRNA, NK cells electrotransfected using mRNA coding
for eGFP and NK cells electrotransfected using mRNA coding for the chimeric anti-

CD19 receptor exhibited similar cell viability following electroloading (FIG. 5A).
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NK cells electroporated in the absence of exogenous mRNA, and NK cells
electrotransfected using mRNA coding for ¢GFP both failed to kill calcein labeled
OP-1 leukemia cells (FIGs. 5B and 5C). NK cells electrotransfected using mRNA
encoding for the chimeric anti-CD19 receptor when mixed with calcein labeled OP-1

cells resulted in significant lysis of the target labeled OP-1 cells (FIGs. 5B and 5C).

Specific lysis of labeled OP-1 cells by NK cells eclectrotransfected using
mRNA encoding for the chimeric anti-CD19 receptor was proportional to the
concentration of the mRNA encoding for the chimeric anti-CD19 receptor. Cell
killing was seen as early as 3 hours post transfection (FIG. 6A). Four hours of co-
culture resulted in approximately 80% lysis of the OP-1 cells at a ratio of 1:2
(effector:target (E:T)). Overnight co-culture resulted in almost 100% lysis of the OP-
I cells at the same 1:2 ratio. Anti-CDI19 chimeric receptor-transfected cells
maintained their specific killing activity for 3 days post transfection, as shown in
FIGs. 6A-6D. On day 3 post transfection, anti-CD19 chimeric receptor-transfected
cells lysed 80% and 100% of the target OP-1 cells after 4 hours of co-culture at 2:1
and 4:1 E:T ratio respectively (FIG. 6D). FIG. 7A summarizes cytotoxicty results of
primary NK cells derived from two different donors. Anti-CD19 chimeric receptor
electrotransfected NK cells from both donors showed similar target cell lysis

efficiency and kinetics.

Specific killing of target cell line OP-1 by resting NK cells 1 day after
clectroloading was assayed. As shown in FIG. 7B, the anti-CD19 chimeric receptor-
electro-loaded resting NK cells could efficiently kill OP-1 cells. At an E:T ratio of
8:1, about 80% of the target cells were lysed in the 4 hour co-cultivation killing assay.
The naive and GFP-expressing resting NK cells did not lyse target OP-1 cells.

Resting NK cells from both donors demonstrated similar lysis activity.
Example 6

Resting NK cells electrotransfected using mRNA encoding for the chimeric anti-

CD19 showed specific Killing of allogeneic primary B-lineage leukemia cells

NK cells were electrotransfected using a mRNA encoding for the chimeric
anti-CD19 receptor, mRNA encoding for eGFP, and NK cells electroporated in the

absence of exogenous mRNA were assayed for their ability to specifically lyse
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labeled B-CLL target cells. A significant percentage of B-CLL cells were lysed by
NK cells electrotransfected using mRNA encoding for the chimeric anti-CD19
receptor as compared to NK cells electrotransfected using an mRNA encoding for
¢GFP or NK cells electroporated in the absence of exogenous mRNA. Target B-CLL
from two donors were used in these assays and the results were summarized in FIG.
8A. Resting NK cells electrotransfected using a mRNA encoding for the chimeric
CD19 receptor could kill B-CLL cells at least for two days after transfection (FIG.
8B) and the killing of these labeled B-CLL cells was significantly higher than by
either the NK cells electrotransfected using mRNA encoding for ¢GFP or NK cells

electroporated in the absence of exogenous mRNA.
Example 7
DNA Uptake is Toxic to Resting PBLs

Resting PBLs were electroporated in the presence of plasmid DNA encoding
for eGFP under the control of a CMV promoter, mRNA encoding for the ¢GFP, and
macromolecule FITC-dextran (500kD). The viability and the expression level were
monitored by trypan blue exclusion and flow cytometry analysis for up to 7 days post
transfection. FIG. 9A shows typical FACS analysis data. As shown in FIGs. 9B and
9C, the viability of cells electroporated in the presence of DNA was much lower in
comparison to cells electroporated with mRNA or FITC-dex. In addition, GFP
expression was much lower in cells transfected with the DNA-GFP as compared to

the mRNA-GFP (FIG. 9D).

DNA uptake also resulted in enhanced apoptosis in resting PBLs. Resting
PBLs were transfected with 200ug/ml of plasmid DNA encoding for DsRed under the
control of a CMV promoter and analyzed 1 day post transfection. The transfected
cells were labeled with apoptosis indicator FITC-VAD-FMK (Promega, Madison,
WI) following the product instructions. Apoptosis and transgene expression of the
transfected cells were analyzed by FACS (FIG. 10A). The percentage of apoptotic
cells was more than twice as high in the transfected cells as compared to control cells
(FIG. 10A). The transfected cells without electroporation, DNA or caspase inhibitor
(Enzyme System Product, Livermore, CA) (-E-D-I), with electroporation but without

DNA or caspase inhibitor (+E-D-I), with electroporation and caspase inhibitor but
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without DNA (+E-D+I), with electroporation and DNA but without caspase inhibitor
(+E+D-I), and with electroporation, DNA and caspase inhibitor (+E+D+I) were
analyzed with Cell Death Detection ELISAPLUS kit (Roche, Indianapolis, IN) (FIG.
10B). Caspase inhibitor could only slow the cell death of the DNA-transfected resting
PBL, not stop it.

Example 8

Chimeric Receptor Expression in Resting PBMCs, NK Cells, PBLs from healthy
donors and resting PBMC and CD3+ T cells from CLL patient

aCD19 chimeric expression was evaluated in resting PBMCs (FIG. 11A),
resting NK cells (FIG. 11B), resting PBLs (FIG. 11C) from healthy donors and resting
PBMC (FIG 11D) and CD3+ cells (FIG 11E) from CLL patient. FIG. 12A shows
high wviability of PBLs transfected with an mRNA encoding a aCD19 chimeric
receptor for at least 7 days post transfection. FIG. 12B shows dependence of viable
cell recovery on time post transfection. FIG. 12C shows expansion of transfected
PBL analyzed with CFSE. FIG. 12D shows expansion of CD3+ cells analyzed with
CFSE.

Example 9

Specificity of Allogenic Target Cell/Cell Line Killing by aCD19 Chimeric
Receptor Transfected Resting PBLs

In this study, the specificity of allogeneic target cell/cell line killing by aCD19
chimeric receptor transfected resting PBLs was evaluated. FIG. 13A shows typical
FACS analysis result of OP-1 cell line killing. FIG. 13B shows specific OP-1 killing
by 2 donors of transfected PBLs, whereas naive or GFP-transfected PBLs did not
specifically kill OP-1 cells. FIG. 13C shows non-specific K562 cell killing by
transfected PBLs. FIG. 13D shows specific CLL cell killing.
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Example 10

Specificity of Autologous B or purified CD19+ CLL Cell Killing by aCD19
Chimeric Receptor Transfected Resting NK Cells, Resting PBMCs, Resting
PBLs from healthy donors and resting PBMC and CD3+ cells from CLL patient

FIGs. 14A-14D show specific autologous B or purified CD19+ CLL cell
killing by resting NK cells (1d post transfection) (FIG. 14A); resting PBMCs (3d post
transfection) (FIG. 14B); resting PBLs (1d post transfection) (FIG. 14C); resting
PBMC from CLL patient (FIG. 14D) and resting CD3+ T cells from CLL patient
(FIG. 14E) after transfection with aCD19 chimeric receptor. FIGs. 15A-15D show
the duration of specific killing of autologous B cells by transfected resting PBLs with
aCD19 chimeric receptor. The four-hour killing assay was performed at 1 day post
transfection (FIG. 15A), 2 days post transfection (FIG. 15B), 3 days post transfection
(FIG. 15C), and 7 days post transfection (FIG. 15D).

Materials and Methods

Cells. The CD19+ human B-lincage ALL cell line, OP-1 (developed at St.
Jude Children’s Research Hospital), and the genetically engineered myeloid leukemia
cell line, K562, co-expressing 4 1BB ligand and membrane bound IL-15 (K562-4-15),
also developed at St. Jude Children’s Research Hospital, were maintained in RPMI-
1640 supplemented with 10% fetal bovine serum and antibiotics. Primary leukemic
cells from two patients with B-CLL were obtained by directly collecting the cells in
the interfacial layer after Ficoll plaque density gradient centrifugation, frozen after
two rounds of PBS wash until use. Primary peripheral blood mononuclear cells
(PBMC) from healthy donors were prepared from leukapheresis product purchased
from BRT Laboratories, Inc. (Baltimore, MD). PBMCs were obtained directly from
the interfacial layer in standard Ficoll density gradient centrifugation, washed twice
with phosphate buffered saline (PBS), and frozen and stored in liquid nitrogen until
use. The primary cells, whenever used, were cultured in RPMI-1640 supplemented
with 10% fetal bovine serum and antibiotics. CD3+ cells were obtained by negative

purification using Miltenyi kit.

The resting NK cells were negatively selected by following the protocol
supplied with the Miltenyi kit (Auburn, CA) and frozen in liquid nitrogen until use.
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Primary NK cells were expanded as previously described by Imai et al. Peripheral
blood mononuclear cells were cultured with thawed K562 cells that express 4-1BB
ligand and membrane-bound IL-15 (K562-4-15) provided by St. Jude Children’s
Research Hospital and which were irradiated with 10,000 to 20,000 rad prior to
culturing with NK cells. Culturing of the NK cells with the target cells to allow for
NK cell killing was performed in the presence of 10 IU/ml-100 U/ml IL-2, 10% FBS

and antibiotics.

PBMCs were prepared by incubating the thawed PBMCs in a centrifuge tube
for 30 minutes after thawing and collecting all cells by centrifugation. PBLs were
prepared by culturing the thawed PBMC in tissue culture flask for 1-2 hours and only

collecting the suspended cells.

Molecules for electroloading. The cloning of anti-CD19 chimeric receptor
into pVAXI1 (Invitrogen, Carlsbad, CA) vector was performed by digesting the parent
plasmid pMSCVanti-CD19BBZ encoding a single chain antibody conjugated with the
4-1 BB intercellular domain and the CD3{ domain (generated at St. Jude Children’s
Research Hospital) and the pVAX1 vector with EcoR I and Xho I and ligated using
T4 DNA ligase. mRNA encoding for anti-CD19 chimeric receptor was in vitro
transcribed with T7 polymerase using an Ambion mMESSAGE mMACHINE T7
Ultra kit (Ambion, Austin, TX) with the cloned template of the pVAXI1 vector
containing anti-CD19 chimeric receptor. mRNA quality and quantity was analyzed
by 1% agarose gel after 15 minutes denaturation at 70°C in mRNA denaturation
buffer (Invitrogen, Carlsbad, CA) and OD260/280 measurement. The plasmid DNA
encoding for eGFP on the pCI (Promega, Madison, WI) backbone under CMV
promoter was used for DNA transfection. The mRNA encoding for GFP was
produced using the pCI-eGFP and the same Ambion kit as mentioned above. FITC-
dextran was purchased from Sigma (St. Luis, MO). The FITC-conjugated control
siRNA was purchased from Qiagen (Valencia, CA).

Transfection. The resting NK cells in frozen medium (10% DMSO in FBS)
were thawed in 37°C water bath, incubated for 0.5-1h at 37°C in the prewarmed fresh
full medium (RPMI-1640+10% FBS+ antibiotics) with volume of 10x that of frozen
medium and ready for transfection. The expanded NK cells were harvested at the

indicated time points for transfection. Before transfection, the expanded NK cells
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were washed with MXCT EP buffer once. The unstimulated resting cells were washed
2x in PBS containing 0.5% FBS and 2mM EDTA and 3x in MXCT EP buffer
containing additionally 0.1% BSA. After washing, expanded NK and resting NK,
PBL, PBMC. T, and CD8+ cells were suspended in MXCT EP buffer, mixed with
molecules to be loaded/transfected, transferred into MXCT chamber, transfected with
program “Expanded-NK Cell# 3” and “Resting-NK#1” for expanded and resting NK
cells respectively in MXCT GT system (Maxcyte, Gaithersburg, MD), transferred into
incubation tube, incubated for 20 minutes at 37°C, and rcturned to the culture

medium. The loading or expression efficiency was analyzed by flow cytometry.

Detection of the expression of chimeric receptor and
immunophenotyping. The transfected NK cells were stained with goat anti-mouse
(Fab), polyclonal antibody conjugated with biotin (Jackson immuno Research labs,
West Grove, PA) followed by peridinin chlorophyll protein— (PerCp; Becton
Dickinson, San Jose, CA) labeled streptavidin staining. The positive cells was gated
according to the background cells with goat biotin-conjugated IgG followed by
streptavidin-PerCp.

The following antibodies were used for immunophenotypic characterization of
expanded and transfected NK cells: anti-CD3 conjugated with fluorescein
isothiocyanate (FITC), anti-CD19 conjugated with phycoerythrin (PE), anti-CD16-
PE, and anti-CD56-PE. Antibody staining was analyzed by a FACSCalibur (Becton

Dickinson).

Cell Killing Assays. To facilitate the large number of cell killing studies, a
cell killing assay was developed based on acetoxmethyl-calcein (calcein-AM,
Molecular Probes, Eugene, OR) staining and flow cytometry. Briefly, calcein-AM
pre-labeled target cells (100 ul) were co-cultured with 100 ul of either transfected,
non-transfected primary NK cells or just fresh medium at various effector to target
(E:T) ratios in each well of a 96-well U-bottom tissue culture plate (Costar,
Cambridge, MA). The 96-well plate was centrifuged at 400g for 5 minutes prior to
cell culture at a 37°C, 5% CO, incubator. The cells were resuspended in the original

culture media, transferred to FACS tubes for FACS analysis at indicated time points.
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In some studies, cell killing assays described in Imai, et al. were followed.
Bricfly, plain target cells 10° cells in 100ul were co-cultured with 100 ul of either
transfected, non-transfected primary NK cells or just fresh medium at various effector
to target (E:T) ratios in each well of a 96-well U-bottom tissue culture plate (Costar,
Cambridge, MA). After 400g x 5 minutes centrifugation, the cells were cultured for
desired cell-killing time. The cells were harvested and co-stained with anti-CD19-
FITC and anti-CD56-PE antibodies for 20 minutes on ice. After washing in PBS, the
cells were resuspended with 200 pl of PBS and analyzed by flowcytometry.

The cultures were performed in the absence of exogenous IL-2. FACS
analysis was performed using a FACSCalibur with 15 second collection. The specific
cell lysis rate (%) was calculated by 100 — Nigreet/Ncontrol X 100, where Niarget 15 the
number of viable target cells co-cultured with NK cells and the Neoptror 18 the number

of viable target cells cultured alone.
Example 11
CAR-Expressing PBMCs Kill HS-Sultan Cells In Vitro and In Vivo

Human PBMCs were clectroloaded with mRNA encoding anti-CD19-BBz.
Four or seven days post transfection, PBMCs (transfected or non-transfected (Naive))
were mixed in vitro with calceinAM-prelabeled HS-Sultan cells, a leukemia cell line
that is CD19+, at various effector:target (E:T) ratios. Cell cytotoxicity was performed
by FACS 4 hours after mixing. As shown in FIG. 16, the transfected PBMCs were
able to kill HS-Sultan cells at 4 days and 7 days at all E:T ratios tested, with the
killing being more effective at 4 days than at 7 days. In addition, increased killing

was achieved with higher E:T ratios.

To demonstrate that CAR-expressing PBMCs could kill tumor cells in vivo, a
HS-Sultan subcutaneous co-mixing model in Beige SCID mice was used. PBMC 1
day post-mRNA transfection (transfected or non-transfected) with mRNA encoding
anti-CD19-BBz were mixed with HS-Sultan cells at different ratios and

subcutaneously injected into mice (5 mice/group) as indicated in Table 1.
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Table 1.
zﬁgﬁg purpose E:T Sultan# | PBMC# I;il\l/ic#— Mouse #
1 control 0 le6 0 0 5
2 control 20:1 1e6 2e7 0 5
3 20:1 1e6 0 2¢e7 5
4 treatment 6.7:1 1e6 0 6.7¢6 5
5 2.3:1 1e6 0 2.3e6 5
6 0.7:1 1e6 0 0.7¢6 5

Tumor volume in the mice was measured at day 0, 14, 18, and 26. As shown
in FIG. 17, no measurable tumor developed in study groups 3, 4, and 5. Measurable
tumor similar to that in the PBMC control was found in the study group receiving the

lowest dose of CAR-expressing PBMCs (0.7¢6).

In a further in vitro study, cytokine-induced NK cells (LAK) were transfected
with mRNA encoding anti-CD19-BBz and mixed with HS-Sultan cells for a
cytotoxicity study. LAK cells are NK cells that have been stimulated to be cytotoxic
to tumor cells by Interleukin-2. As shown in FIG. 18, while control LAK cells
(conventional) were cytotoxic against HS-Sultan cells, the transfected LAK cells

(Engineered LAK cells) were significantly more cytotoxic.
Example 12
Effect of Intracellular Domains on CAR Expression

The effect of intracellular domains in the chimeric antigen receptor was
evaluated with the following four anti-mesothelin CARs: ss1-28-BBz, ss1-28z, ss1-
BBz, or ss1-z. RNA was prepared that encodes CAR composed of an anti-mesothelin
(ss1) murine single-chain Fv binding domain with the combination of 3 intracellular
activation domains derived from 41BB and CD28, and the cytoplasmic portion of the
TcRz chain.

Expanded T cells were electroloaded with ss1-myc-28-BBz, ss1-28z, ss1-BBz,
or ssl-z mRNAs. As shown in FIGs. 19 and 20, CAR expression decreased more
quickly in the T cells transfected with mRNAs containing the CD28 intracellular

domain (ssl1-myc-28-BBz and ss1-28z). The decrease in CAR expression correlated
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with a decrease in the ability of the T cells to kill cancer cells. As shown in FIG. 21,
only ss1-BBz and ssl-z (i.c., the mRNAs that did not have the CD28 intracellular
domain) transfected T cells maintained K562 cell killing ability 3 days post

transfection.

The expression of ss1-28z was compared in PBMCs and expanded T cells. As
shown in FIG. 22, ss1-28z expression decreases faster in T cells than in PBMCs. This
may be a result of the T cells doubling faster than the PBMCs. The ss1-28z
transfected PBMCs maintained K562+ cell killing ability at 4 days post transfection
(FI1G. 23).

* ok sk ok ok ok ok ok ok ok

All of the compositions and methods disclosed and claimed herein can be
made and executed without undue experimentation in light of the present disclosure.
While the compositions and methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skill in the art that variations
may be applied to the compositions and methods and in the steps or in the sequence of
steps of the methods described herein without departing from the concept, spirit and
scope of the invention. More specifically, it will be apparent that certain agents which
are both chemically and physiologically related may be substituted for the agents
described herein while the same or similar results would be achieved. All such
similar substitutes and modifications apparent to those skilled in the art are deemed to
be within the spirit, scope and concept of the invention as defined by the appended

claims.
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CLAIMS

1. A method for transiently modifying an unstimulated resting peripheral blood
mononuclear cell (PBMC) to express a chimeric receptor on its surface comprising:
(a) isolating a resting PBMC,;
(b) electroloading the PBMC with an mRNA encoding for a chimeric
receptor, whereby the electroloaded PBMC transiently expresses the

chimeric receptor on its surface.

2. The method of claim 1, wherein the PBMC is a peripheral blood lymphocyte
(PBL).

3. The method of claim 2, wherein the PBL is a natural killer (NK) cell.
4, The method of claim 2, wherein the PBL is a T cell.

5. The method of claim 3, wherein isolating the NK cell comprises separation of

CD56+ cells from blood.

6. The method of claim 3, wherein isolating the NK cell comprises depleting

CD3+ cells from blood.

7. The method of claim 1, wherein the chimeric receptor is an anti-CD19

chimeric receptor.

8. A method of treating cancer in a subject comprising:

(a) obtaining unstimulated resting peripheral blood mononuclear cells
(PBMCs);

(b) electroloading the PBMCs with an mRNA encoding for a chimeric
receptor, whereby the electrotransfected PBMCs transiently express
the chimeric receptor on their surface; and

(c) administering the transfected PBMCs to the subject to treat cancer in

the subject.

9. The method of claim 8, wherein the PMBCs are peripheral blood lymphocytes
(PBLs).

10.  The method of claim 9, wherein the PBLs are natural killer (NK) cells.
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11. The method of claim 8, wherein the subject is a human.
12. The method of claim 8, wherein the PMBCs are autologous to the subject.
13.  The method of claim &, wherein the PMBCs are allogenic to the subject.

14. The method of claim 8, wherein obtaining isolated PMBCs comprises
collecting peripheral blood from a donor and separating the PMBCs in the blood from
non-PMBCs in the blood.

15.  The method of claim 14, wherein the donor is also the subject being treated.

16. The method of claim 14, wherein the time from when the peripheral blood is
collected from the donor to the time when the transfected PMBCs are administered to

the subject is less than 48 hours.

17. The method of claim 16, wherein the time is less that 12 hours.
18. The method of claim &, wherein the cancer is a leukemia.
19.  The method of claim 8, wherein the chimeric receptor is an anti-CD19

chimeric receptor.

20. The method of claim 8, wherein the transfected PMBCs are administered by

intravenous injection.

21. The method of claim 8, wherein the transfected PMBCs are administered by

intratumoral injection.

22. A composition comprising:
(a) an electrotransfected unstimulated resting peripheral blood lymphocyte
(PBL) transiently expressing an mRNA coding for a chimeric receptor,
whereby the chimeric receptor is expressed on the surface of the
clectrotransfected PBL; and

(b) apharmaceutically acceptable carrier.

23.  The composition of claim 22, wherein the PBL is a natural killer (NK) cell.
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24.  The composition of claim 22, wherein the chimeric receptor is an anti-CD19

chimeric receptor.
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Macromolecule Loading in Expanded NK Cells
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NK cells Can Be Transfected with DNA Plasmi
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MRNA Transfection in Expanded NK Cells
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Effect of Transfection on NK Cell Proliferation
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MRNA Encoding aCD19 Chimeric Receptor Can Be Transfected
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Phenotype of negatively isolated NK cells by Miltenyi Kit
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CD3 Depletion by Dynal Beads
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