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(57) Abstract: Disclosed are methods of mak-
ing a genetically modified immune cell for
moditying a tumor microenvironment (TME)
and methods of modifying a tumor microenvir-
onment (TME). In some embodiments, the
method can include delivering a first vector to
an immune cell, wherein the first vector com-
prises a nucleic acid encoding a protein that in-
duces T-cell proliferation, promotes persistence
and activation of endogenous or adoptively
transferred NK or T cells and/or induces pro-
duction of an interleukin, an interferon, a PD-1
checkpoint binding protein, HMGB1, MyDS88,
a cytokine or a chemokine. Methods of modu-
lating the suppression of the immune response
in a tumor microenvironment, minimizing the
proliferation of tumor and suppressive cells,
and increasing the efficiency of an anti-cancer
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therapy, anti-infection therapy, antibacterial
therapy, anti-viral therapy, or anti-tumoral ther-
apy are also provided.
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GENETIC ENGINEERING OF MACROPHAGES FOR IMMUNOTHERAPY

CROSS-REFERENCED TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Application
Serial No. 62/216,224, entitled “Genetic Engineering Of Macrophages For Immunotherapy”
filed September 9, 2015, and U.S. Provisional Application Serial No. 62/361,348, entitled
“Genetic Engineering Of Macrophages For Immunotherapy” filed July 12, 2016, the contents

of which are hereby expressly incorporated by reference in their entirety.

STATEMENT REGARDING FEDERALLY SPONSORED R&D
[0002] This invention was made with partial support from the Steven Higgins
Brain Tumor Research Fund and the Sarah M Hughes Foundation.

REFERENCE TO SEQUENCE LISTING
[0003] The present application is being filed along with a Sequence Listing in

electronic format. The Sequence Listing is provided as a file entitled Sequence
SCRI.101WO.TXT, created September 6, 2016 which is 46 kb in size. The information is the

electronic format of the Sequence Listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[0004] Disclosed herein are methods of modifying a tumor microenvironment
(TME) in a subject in need, such that suppression of an immune response in a tumor
microenvironment is modulated, and the proliferation of tumor and suppressive cells in a
subject in need is minimized. Additionally, methods for improving a cancer therapy in a
subject in need, is also contemplated. The methods can include administering to the subject a
therapeutic dose of genetically modified immune cells or a composition of genetically

modified immune cells.
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BACKGROUND OF THE INVENTION

[0005] Modulation of a patient’s immune system using immunotherapeutic
approaches has shown remarkable success against hematological neoplasms and some solid
tumors, including metastatic melanoma and colorectal carcinoma. In contrast to these
successes, solid tumors, including glioblastoma (GBM) tumors have not yet responded to
immunotherapy approaches. This is largely due to the fact that many solid tumors and the
microenvironments that they create are highly immunosuppressive and tumor promoting,
supporting tumor growth and preventing the localization and functions of cytotoxic immune
cells. Therefore, an approach to overcome the influence of the tumor microenvironment
(TME) and the impact on infiltrating immune cells that are responsible for the elimination of
transformed cells is required as a first step in developing successful immunotherapies for
GBM and other solid tumors.

[0006] For example, while childhood leukemias have shown remarkable
responses to T cell-based therapeutics; treatment of solid tumors has not been nearly as
successful. Along with a lack of tumor-specific antigens, the immunosuppressive
microenvironment of many solid tumors has thus far been an insurmountable barrier,
precluding CAR T-cell immunotherapy. Brain tumors, which represent 20% of childhood
cancers, are highly infiltrated by myeloid cells that render the tumor highly resistant to the
cytotoxic functions.

[0007] As such, an approach to overcome the influence of the tumor
microenvironment (TME) and the impact on infiltrating immune cells that are responsible for
the elimination of transformed cells is strongly needed as a first step in developing successful
immunotherapies for GBM and other solid tumors.

[0008] Glioblastoma (GBM), a WHO grade IV astrocytoma, is the most
aggressive primary brain tumor in adults and children, with a 5 year survival rate of <10%
and 40%, respectively (Omuro A, DeAngelis LM. Glioblastoma and other malignant
gliomas: a clinical review. JAMA 2013;310:1842-1850; included by reference in its entirety
herein). Standard therapy for patients with GBM includes surgery, temozolomide
chemotherapy, and radiation, and provides only a modest extension of survival. For many

patients, treatment associated side effects preclude a reasonable quality of life. Adoptive
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cellular immunotherapies are appealing for patients with GBM because these cells have the
potential to efficiently home to the tumor site and specifically target tumor cells, without
injury to neural and glial structures (Choi BD, Pastan I, Bigner DD ef al. A novel bispecific
antibody recruits T cells to eradicate tumors in the "immunologically privileged" central
nervous system. Oncoimmunology 2013;2:€23639; Grupp SA, Kalos M, Barrett D et al.
Chimeric antigen receptor-modified T cells for acute lymphoid leukemia. N Engl J Med
2013;368:1509-1518; Miao H, Choi BD, Suryadevara CM et al. EGFRvIII-specific chimeric
antigen receptor T cells migrate to and kill tumor deposits infiltrating the brain parenchyma
in an invasive xenograft model of glioblastoma. PLoS One 2014;9:€94281; Ransohoff RM,
Engelhardt B. The anatomical and cellular basis of immune surveillance in the central
nervous system. Nat Rev Immunol 2012;12:623-635; all incorporated by reference in their
entireties herein). Like many types of solid tumors found in a variety of tissues, GBM tumor
cells create a complex tumor microenvironment (TME) that includes regulatory T cells
(Tregs), myeloid derived suppressor cells (MDSCs), and tumor associated macrophages
(TAMs) that prevent immune surveillance by endogenous T cells and natural killer (NK)
cells, reduce antigen presentation, and hinder the activity of adoptively transferred anti-tumor
T cells (Razavi SM, Lee KE, Jin BE ef al. Immune Evasion Strategies of Glioblastoma. Front
Surg 2016;3:11; Kostianovsky AM, Maier LM, Anderson RC et al. Astrocytic regulation of
human monocytic/microglial activation. J Immunol 2008;181:5425-5432; Beavis PA, Slaney
CY, Kershaw MH et al. Reprogramming the tumor microenvironment to enhance adoptive
cellular therapy. Semin Immunol 2016;28:64-72; all incorporated by reference in their
entireties herein). Novel treatments that circumvent this suppressive milieu could greatly
improve the endogenous anti-tumor response for patients harboring GBM or other types of
solid tumors, as well as enhance the efficacy of immunotherapies, such as antibody-mediated
checkpoint blockade, antibody-induced cytotoxicity, and engineered T cell therapies.

[0009] In spite of the successes against hematologic malignancies,
immunotherapeutic interventions for glioblastoma (GBM) have thus far been unsuccessful.
This 1s in part due to the presence of a tumor microenvironment that fosters neoplastic
growth and protects the tumor from destruction by the immune system. Accordingly, new

approaches to modify a tumor microenvironment (TME) in a subject in need are needed.
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SUMMARY OF THE INVENTION

[0010] Described herein, are genetically engineered macrophage-based
immunotherapies, which when implanted into the brain following a gross total resection, will
neutralize the GBM microenvironment by supporting a pro-inflammatory innate response
and enhancing tumor-directed immune activity by cytotoxic T and NK cells. The newly-
described lentiviral expression system for the generation of transduced monocytes and
monocyte-derived macrophages was validated and showed that transgene expression is stable
over the course of weeks to months, both in vitro and in a mouse xenograft model of GBM.
Furthermore, the genetically engineered macrophages (GEMs) did not cause morbidity in
animals, nor did they contribute to accelerated tumor growth. The versatility of GEMs was
highlighted by showing that they can be engineered to secrete proteins that either reduce
immune suppression, such as the soluble TGFPRII, or promote immune cell activation, by
expressing IL-21. Also disclosed, is the potential to prevent GEM-mediated immune
suppression by using the CRISPR system to knock out genes responsible for dysfunction of
cytotoxic cells, including IL-10 and PD-L1. Together, the results described herein provide
evidence that GEMs are an ideal cell type for transforming the tumor microenvironment and
enhancing anti-tumor immunity. Importantly, it is anticipated that these findings will have
broad applicability to other types of tumors with microenvironments that currently preclude
successful immunotherapeutic approaches.

[0010a] A first aspect provides a method of making a genetically modified
macrophage, comprising:

(a) delivering a lentiviral vector to a monocyte, wherein the lentiviral vector is
packaged with a VPX protein and comprises a nucleic acid encoding a payload
protein; and

(b) differentiating the monocyte to obtain the genetically modified
macrophage,
wherein step (b) is performed concurrently with step (a).

[0010b] A second aspect provides a genetically modified macrophage when made
by the method of the first aspect.

[0010¢] A third aspect provides a system when used according to the method of the
first aspect, comprising: (i) the monocyte; (ii) the lentivector packaged with a VPX protein
and comprising a nucleic acid encoding a payload protein; and (iii) a reagent capable of

differentiating the monocyte to a macrophage.
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[0010d] A fourth aspect provides a method of expressing a payload protein in a
subject, comprising: administering the genetically modified macrophage of the second aspect
to the subject.

[0011] Accordingly, disclosed herein is the first medical use of an engineered
primary macrophage e.g., a genetically engineered primary macrophage for medical
treatment. Also described herein is a genetically engineered primary macrophage for use as a
medicament to treat a cancer such as glioblastoma (GBM), breast cancer, brain cancer, lung
cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal cancer, pancreatic
cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck cancer, sarcomas,
neuroblastomas or ovarian cancer.

[0012] Macrophages make an ideal therapeutic cell type for restructuring the
suppressive TME because they play a central role in the crosstalk between the adaptive and
innate immune systems, are efficiently recruited to and retained within the tumor, and
survive in the TME even after their polarization toward a pro-inflammatory phenotype (Long
KB, Beatty GL. Harnessing the antitumor potential of macrophages for cancer
immunotherapy. Oncoimmunology 2013;2:¢26860; Peng J, Tsang JY, Li D et al. Inhibition
of TGF-beta signaling in combination with TLR7 ligation re-programs a tumoricidal
phenotype in tumor-associated macrophages. Cancer Lett 2013;331:239-249; Beatty GL,
Chiorean EG, Fishman MP et al. CD40 agonists alter tumor stroma and show efficacy
against pancreatic carcinoma in mice and humans. Science 2011;331:1612-1616; Pyonteck
SM, Akkari L, Schuhmacher AJ et al. CSF-1R inhibition alters macrophage polarization and
blocks glioma progression. Nat Med 2013;19:1264-1272 ; all included by reference in their
entireties herein). Furthermore, engineered macrophages may be generated from a patient’s
monocyte population that is discarded during the preparation of therapeutic T Cell Receptor
(TCR) or Chimeric Antigen Receptor (CAR) T cells. Described herein, is the first proposed
use of engineered primary macrophages for therapeutic purposes, partly due to the difficulty
in genetically manipulating these cells with clinically approved vectors such as HIV1-based
lentivirus. Macrophages are refractory to lentiviral transduction because of their expression

of a restriction factor, SAMHDI1, which depletes the pool of nucleotide triphosphates

20965045_1 (GHMatters) P43935AU00 04/07/2024
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available for reverse transcription (Lahouassa H, Daddacha W, Hofmann H er al. SAMHDI
restricts the replication of human immunodeficiency virus type 1 by depleting the
intracellular pool of deoxynucleoside triphosphates. Nat Immunol 2012;13:223-228;
incorporated by reference in its entirety herein). Recent development of a lentiviral
packaging system that generates virions containing viral protein X (Vpx), an SIV and HIV2-
associated protein that induces the degradation of SAMHDI, has made it possible to stably
deliver genes to primary human myeloid cells (Bobadilla S, Sunseri N, Landau NR. Efficient
transduction of myeloid cells by an HIV-1-derived lentiviral vector that packages the Vpx
accessory protein. Gene Ther 2013;20:514-520; incorporated by reference in its entirety
herein).

[0013] Also described herein, is a platform that takes advantage of this method to
evaluate the use of genetically engineered macrophages (GEMs) as a potential therapeutic.
Thus it can be demonstrated that GEMs: (1) survive in a xenograft model of GBM without
impacting animal survival, (2) can be made resistant to reprogramming by tumor-secreted
signals, and (3) stably express factors that will promote persistence and activation of
endogenous or adoptively transferred NK or T cells. Described in the alternatives herein are
the results from investigating the utility of GEMs as a cellular delivery vehicle that can
express a multitude of factors that can overturn an immunosuppressive TME and support
existing or novel immunotherapies.

[0014] Disclosed herein, is a method of developing a genetically engineered
macrophage (GEM)-based immunotherapy, for example, which, when implanted into the
brain following a gross total resection, serves to neutralize the GBM microenvironment
through the expression of factors that simulate a pro-inflammatory immune response,
allowing functional tumor-directed immune activity. Additionally, a myeloid-specific
lentiviral expression system for the generation of transduced monocyte-derived macrophages
has been validated, and shows that transgene expression is stable over the course of weeks to
months, both in vitro and in a mouse intracranial xenograft model. Furthermore, the GEMs
do not cause any morbidity in animals, nor do they contribute to accelerated tumor growth.
The versatility of GEMs is highlighted by showing that they can be modified to secrete
factors, such as the soluble TGFBR, IL-7, or IL-21, and can be precisely targeted by the

CRISPR system to knock out genes responsible for dysfunction of cytotoxic cells, such as
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IL-10 and PD-L1. The results disclosed herein provide evidence that GEMs transform the
tumor microenvironment to enhance immune surveillance and tumor destruction.

[0015] Also disclosed is a method of making a genetically modified immune cell
for modifying a tumor microenvironment (TME) of a tumor. The method can include
delivering a first vector to an immune cell, wherein the first vector comprises a nucleic acid
encoding a protein that induces T-cell proliferation, promotes persistence and activation of
endogenous or adoptively transferred NK or T cells and/or induces production of an
interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyDS88, a cytokine or
a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein
and interferon alpha, interferon beta, or interferon gamma. In some alternatives, the first
vector is a viral vector. In some alternatives, the viral vector is a lentiviral vector. In some
alternatives, the lentiviral vector is packaged with a Vpx protein. In some alternatives, the
protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives,
the protein is TGFBRII, IL-1, IL-6, 1L-7, IL-15, IL-2, IL12, IL-18 or IL21. In some
alternatives, the protein comprises interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some
alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and wherein
binding of the PD-L1 protein fragment does not cause an agonist signal upon binding PD-1.
In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does
not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein fragment
comprises amino acids 62-136 of PD-
LI(KNIIQFVHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLQDAGVYRCM
ISYGGADYKRITVKVNAPYNKI; SEQ ID NO: 7). In some alternatives, the protein is a
fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon
gamma. In some alternatives, the protein is a T-cell or NK-cell chemokine. In some
alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLI1I,
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CXCL12, CXCL13 or CXCL15. In some alternatives, the immune cell is selected from the
group consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte and a human
monocyte. In some alternatives, the immune cell is a T cell. In some alternatives, the immune
cell is an NK cell. In some alternatives, the immune cell is a genetically modified NK cell. In
some alternatives, the T-cell is a genetically modified T-cell. In some alternatives, the
genetically modified T-cell is genetically modified to express a chimeric antigen receptor
(CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a myeloid cell. In
some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid cell is
a microglial cell. In some alternatives, the tumor is a glioma. In some alternatives, the tumor
is a glioblastoma. In some alternatives, the method further comprises delivering to the
immune cell, a second vector, wherein the second vector comprises a nucleic acid encoding a
Cas9 endonuclease and delivering to the immune cell a nucleic acid encoding a CRISPR
guide RNA, wherein the CRISPR guide RNA is complimentary to at least one target gene in
in the cell, and wherein said nucleic acid is present on the second vector or a third vector. In
some alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206, 1L-4, CCL22,
CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the method further
comprises delivering to the immune cell, a fourth vector, wherein the fourth vector encodes a
Cas9 VP64 fusion protein to activate transcription and translation of a second protein and
delivering to the immune cell a fifth vector, wherein the fifth vector comprises a CRISPR
guide RNA complimentary to at least one target gene in the cell. In some alternatives, the
second protein is 1L-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-
12, IL-18, IL-23 or GM-CSF. In some alternatives, the fourth vector is an mRNA. In some
alternatives, the mRNA is codon optimized for expression in a eukaryotic cell, such as a
human cell. In some alternatives, the at least one target gene is an endogenous pro-
inflammatory gene. In some alternatives, the pro-inflammatory gene encodes 1L-12p40, IL-
15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, 1L.-12, IL-18, IL-23 or GM-CSF. In
some alternatives, the first vector further comprises a nucleic acid encoding a suicide gene
system. In some alternatives, the suicide gene system is a Herpes Simplex Virus Thymidine

Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system or an inducible Caspase suicide
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gene system. In some alternatives, the nucleic acid encoding said protein is under the control
of a regulatory element. In some alternatives, the regulatory element is a promoter that is
inducible by a drug. In some alternatives, the regulatory element is a promoter that is
inducible by a steroid, such as a ligand for the estrogen receptor. In some alternatives, the
regulatory element is a promoter inducible by tamoxifen and/or its metabolites. In some
alternatives, the method further comprises differentiating the immune cells. In some
alternatives, the immune cells are differentiated to a pro-inflammatory phenotype by
culturing the cells with granulocyte macrophage colony stimulating factor. In some
alternatives, the cells are differentiated to an anti-inflammatory phenotype by culturing the
cells with a macrophage colony stimulating factor.

[0016] Also disclosed is a genetically modified immune cell. The genetically
modified immune cell can comprise a first vector, wherein the first vector comprises a
nucleic acid encoding a protein that promotes persistence and activation of endogenous or
adoptively transferred NK or T cells, induces T-cell proliferation and/or induces production
of an interleukin, an interferon, a PD-1 checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the immune cell is a T-cell. In some alternatives, the immune cell is a modified
T-cell. In some alternatives, the immune cell is genetically modified to express a chimeric
antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is an
NK cell. In some alternatives, the immune cell is a genetically modified NK cell. In some
alternatives, the immune cell is a myeloid cell. In some alternatives, the myeloid cell is a
macrophage. In some alternatives, the myeloid cell is a microglial cell. In some alternatives,
the immune cell is selected from the group consisting of a macrophage, allogeneic cell,
myeloid cell, a monocyte and a human monocyte. In some alternatives, the first vector is a
viral vector. In some alternatives, the viral vector is a lentiviral vector. In some alternatives,
the lentiviral vector is packaged with a Vpx protein. In some alternatives, the protein
supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives, the
protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, 1L-2, 112, IL-18 or IL21. In some alternatives,
the protein comprises interferon alpha, interferon beta, or interferon gamma. In some

alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives,
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the PD-1 checkpoint binding inhibitor is a PD-L1 protein or active fragment thereof, and
wherein binding of the PD-L1 protein or active fragment thereof does not cause an agonist
signal upon binding PD-1. In some alternatives, the protein comprises a PD-1 protein
fragment, wherein the PD-1 protein binds PD-L1 or PD-L2 expressed by tumor cells and/or
associated macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-
L2 does not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein
fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the
protein is a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta,
or interferon gamma. In some alternatives, the protein is a T-cell or NK-cell chemokine. In
some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLII,
CXCL12, CXCLI13 or CXCL15. In some alternatives, the genetically modified immune cell
further comprises a second vector, wherein the second vector comprises a nucleic acid
encoding a Cas9 endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein
the CRISPR guide RNA is complimentary to at least one target gene in the immune cell, and
wherein said nucleic acid is present on the second vector or a third vector. In some
alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206, 1L-4, CCL22,
CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the genetically modified
immune cell further comprises a fourth vector, wherein the fourth vector encodes a Cas9
VP64 fusion protein to activate transcription and translation of a second protein and a fifth
vector, wherein the fifth vector comprises a CRISPR guide RNA complimentary to at least
one target gene in the cell. In some alternatives, the second protein is 1L-12p40, IL-15, 1L-6,
IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some
alternatives, the fourth vector is an mRNA. In some alternatives, the mRNA is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
at least one target gene is an endogenous pro-inflammatory gene. In some alternatives, the at

least one target gene encodes TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206, IL-4,
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CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the first vector
further comprises a nucleic acid encoding a suicide gene system. In some alternatives, the
suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the cell is
selected from the group consisting of a macrophage, allogeneic cell, myeloid cell, a
monocyte and a primary human monocyte. In some alternatives, the cell is a primary human
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.

[0017] Also disclosed is a composition. The composition can comprise any one or
more of the genetically modified immune cells of any of the alternatives described herein and
a carrier, an anti-cancer therapeutic, an anti-infection therapeutic, an antibacterial therapeutic,
an anti-viral therapeutic, or an anti-tumoral therapeutic. The genetically modified immune
cell can comprise a first vector that comprises a nucleic acid encoding a protein that induces
T-cell proliferation, promotes persistence and/or activation of endogenous or adoptively
transferred NK or T cells and/or induces production of an interleukin, an interferon, a PD-1
checkpoint binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the immune cell is a T-cell. In
some alternatives, the immune cell is a modified T-cell. In some alternatives, the immune
cell is genetically modified to express a chimeric antigen receptor (CAR) or T-cell receptor
(Tcr). In some alternatives, the immune cell is an NK cell. In some alternatives, the immune
cell is a genetically modified NK cell. In some alternatives, the immune cell is a myeloid

cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid
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cell is a microglial cell. In some alternatives, the immune cell is selected from the group
consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte and a human
monocyte. In some alternatives, the first vector is a viral vector. In some alternatives, the
viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2, IL12, IL-18 or IL21. In some alternatives, the protein comprises interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the protein comprises a PD-1
checkpoint binding inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a
PD-L1 protein or active fragment thereof, and wherein binding of the PD-L1 protein or
active fragment thereof does not cause an agonist signal upon binding PD-1. In some
alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1 protein binds
PD-L1 or PD-L2 expressed by tumor cells and/or associated macrophages, and wherein
binding of the PD-1 protein fragment to PD-L1 or PD-L2 does not cause an agonist signal
upon binding. In some alternatives, the PD-L1 protein fragment comprises amino acids 62-
136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the protein is a T-cell or NK-cell chemokine. In some alternatives, the
chemokine comprises CCL1, CCL2, CCL3, CCR4, CCLS5, CCL7, CCL8/MCP-2, CCL11,
CCLI13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26,
CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-
2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCL11, CXCL12, CXCLI13 or
CXCLI15. In some alternatives, the genetically modified immune cell further comprises a
second vector, wherein the second vector comprises a nucleic acid encoding a Cas9
endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein the CRISPR guide
RNA is complimentary to at least one target gene in the immune cell, and wherein said
nucleic acid is present on the second vector or a third vector. In some alternatives, the second
vector is an mRNA. In some alternatives, the Cas9 is codon optimized for expression in a
eukaryotic cell, such as a human cell. In some alternatives, the target gene is PD-L1, TGF-
beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, 1L-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the genetically modified immune cell further
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comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion protein to
activate transcription and translation of a second protein and a fifth vector, wherein the fifth
vector comprises a CRISPR guide RNA complimentary to at least one target gene in the cell.
In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-
alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the at least one target gene is an endogenous
pro-inflammatory gene. In some alternatives, the at least one target gene encodes for TGF-
beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, 1L-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic acid
encoding a suicide gene system. In some alternatives, the suicide gene system is a Herpes
Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system or an
inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding said
protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
is a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the cell is selected from the group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
[0018] Also disclosed is a method of modulating the suppression of the immune
response in a tumor microenvironment of a subject e.g., a human, wherein the method can
comprise administering any one or more of the genetically modified immune cells of any one
or more of the alternatives described herein or any of the compositions of any one or more of
the alternatives described herein and a carrier, an anti-cancer therapeutic, an anti-infection
therapeutic, an antibacterial therapeutic, an anti-viral therapeutic, or an anti-tumoral

therapeutic. The genetically modified immune cell can comprise a first vector that comprises
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a nucleic acid encoding a protein that promotes persistence and activation of endogenous or
adoptively transferred NK or T cells, induces T-cell proliferation and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyDS§8, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the immune cell is a T-cell. In some alternatives, the immune cell is a modified
T-cell. In some alternatives, the immune cell is genetically modified to express a chimeric
antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is an
NK cell. In some alternatives, the immune cell is a genetically modified NK cell. In some
alternatives, the immune cell is a myeloid cell. In some alternatives, the myeloid cell is a
macrophage. In some alternatives, the myeloid cell is a microglial cell. In some alternatives,
the immune cell is selected from the group consisting of a macrophage, allogeneic cell,
myeloid cell, a monocyte and a human monocyte. In some alternatives, the first vector is a
viral vector. In some alternatives, the viral vector is a lentiviral vector. In some alternatives,
the lentiviral vector is packaged with a Vpx protein. In some alternatives, the protein
supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives, the
protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, 1L-2, 112, IL-18 or IL21. In some alternatives,
the protein comprises interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives,
the PD-1 checkpoint binding inhibitor is a PD-L1 protein or active fragment thereof, wherein
binding of the PD-L1 protein or active fragment thereof does not cause an agonist signal
upon binding PD-1. In some alternatives, the protein comprises a PD-1 protein fragment,
wherein the PD-1 protein binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
macrophages, wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does not
cause an agonist signal upon binding. In some alternatives, the PD-L1 protein fragment
comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is
a fusion of PD-1 binding and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the protein is a T-cell or NK-cell chemokine. In some alternatives, the
chemokine comprises CCL1, CCL2, CCL3, CCR4, CCLS5, CCL7, CCL8/MCP-2, CCL11,
CCLI13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26,
CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-
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2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCL11, CXCL12, CXCLI13 or
CXCLI15. In some alternatives, the genetically modified immune cell further comprises a
second vector, wherein the second vector comprises a nucleic acid encoding a Cas9
endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein the CRISPR guide
RNA is complimentary to at least one target gene in the immune cell, and wherein said
nucleic acid can be present on the second vector or a third vector. In some alternatives, the
second vector is an mRNA. In some alternatives, the Cas9 is codon optimized for expression
in a eukaryotic cell, such as a human cell. In some alternatives, the target gene is PD-L1,
TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the genetically modified immune cell further
comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion protein to
activate transcription and translation of a second protein and a fifth vector, wherein the fifth
vector comprises a CRISPR guide RNA complimentary to at least one target gene in the cell.
In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-
alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the at least one target gene is an endogenous
pro-inflammatory gene. In some alternatives, the at least one target gene encodes TGF-beta,
IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic acid
encoding a suicide gene system. In some alternatives, the suicide gene system is a Herpes
Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system or an
inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding said
protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
is a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the cell is selected from the group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune

cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
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inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
In some alternatives, the administering is performed by adoptive cell transfer. In some
alternatives, the genetically modified immune cells are administered by direct delivery to a
tumor bed by injection. In some alternatives, the subject in need e.g., a human suffers from
cancer or a subject having cancer is selected to receive an anti-cancer therapy. In some
alternatives, the cancer is a solid tumor. In some alternatives, the solid tumor is selected from
the group consisting of a breast cancer, brain cancer, lung cancer, liver cancer, stomach
cancer, spleen cancer, colon cancer, renal cancer, pancreatic cancer, prostate cancer, uterine
cancer, skin cancer, head cancer, neck cancer, sarcomas, ncuroblastomas and ovarian cancer.
The composition can comprise any one or more of the genetically modified immune cells of
any one or more of the alternatives described herein and a carrier, anti-cancer therapeutic,
anti-infection therapeutic, antibacterial therapeutic, anti-viral therapeutic, or anti-tumoral
therapeutic. In some alternatives, the method further comprises administering a cellular
therapy to the subject in need thereof before, after or simultaneous to introducing, providing,
or administering any one or more of the cells of any of the alternatives described herein or
the composition of any of the alternatives described herein. In some alternatives, the cellular
therapy is CAR T-cell therapy. In some alternatives, the method further comprises delivering
antibodies, small molecules, heat shock protein-peptide complexes or oncolytic polio virus to
the subject in need thereof before, after, or simultaneous to introducing, providing, or
administering any one or more of the cells of any of the alternatives described herein or the
composition of any of the alternatives described herein into the subject for therapy. In some
alternatives, the antibodies are specific for alphafetoprotein, carcinoembryonic antigen, CA-
125, MUC-1, Epithelial tumor antigen, Tyrosinase, Melanoma associated antigen (MAGE),
HER2, and/or abnormal products of ras or p53. In some alternatives, the method further
comprises administering to the subject in need a prodrug. In some alternatives, the prodrug is
Erbitux, Herceptin, Ganciclovir, FK506 or a chemical inducer of dimerization. In some
alternatives, the method further comprises administering to the subject a drug before, after or
simultaneous to introducing, providing, or administering any one or more of the cells of

anyone of the alternatives described herein or the composition of anyone of the alternatives
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described herein. In some alternatives, the subject is identified or selected to receive an anti-
cancer therapy, an anti-infection therapy, an antibacterial therapy, an anti-viral therapy, or an
anti-tumoral therapy. In some alternatives, the method further comprises introducing,
providing, or administering to said subject an additional therapeutic agent, such as a
chemotherapeutic agent, an antiviral agent, or an antibacterial agent or an adjunct therapy
such as radiation therapy and/or surgery before, after or simultaneous to introducing,
providing, or administering any one or more of the cells of anyone of the alternatives
described herein or the composition of anyone of the alternatives described herein. In some
alternatives, the additional therapeutic agent is an anti-cancer therapy comprising a hormone
blocking therapy, chemotherapy, a small molecule, monoclonal antibodies, or binding
fragments thereof, and/or radiation. In some alternatives, the monoclonal antibody is specific
for Her2, CD52, CD20, CD25, VEGF or EGRF. In some alternatives, the hormone blocking
therapy comprises delivery of tamoxifen, anastrozole, and/or letrozole. In some alternatives,
the small molecule comprises a tyrosine kinase inhibitor, a small molecule drug conjugates, a
serine kinase inhibitor and/or a threonine kinase inhibitor.

[0019] Also disclosed is a method of minimizing the proliferation of tumor and
suppressive cells in a subject in need thereof. The method can comprise administering any
one or more of the genetically modified immune cells or any of the compositions of any one
or more of the alternatives described herein to a subject in need thereof and, optionally,
selecting or identifying said subject to receive said genetically modified immune cells and/or
measuring the proliferation of tumor and suppressive cells in said subject after administration
of said genetically modified immune cells. The composition can comprise any one or more of
the genetically modified immune cells of any one or more of the alternatives described herein
and a carrier, anti-cancer therapeutic, anti-infection therapeutic, antibacterial therapeutic,
anti-viral therapeutic, or anti-tumoral therapeutic. The genetically modified immune cell can
comprise a first vector that comprises a nucleic acid encoding a protein that promotes
persistence and activation of endogenous or adoptively transferred NK or T cells, induces T-
cell proliferation and/or induces production of an interleukin, an interferon, a PD-1
checkpoint binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,

interferon beta, or interferon gamma. In some alternatives, the immune cell is a T-cell. In
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some alternatives, the immune cell is a modified T-cell. In some alternatives, the immune
cell is genetically modified to express a chimeric antigen receptor (CAR) or T-cell receptor
(Tcr). In some alternatives, the immune cell is an NK cell. In some alternatives, the immune
cell is a genetically modified NK cell. In some alternatives, the immune cell is a myeloid
cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid
cell is a microglial cell. In some alternatives, the immune cell is selected from the group
consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte and a human
monocyte. In some alternatives, the first vector is a viral vector. In some alternatives, the
viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2, IL12, IL-18 or IL21. In some alternatives, the protein comprises interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the protein comprises a PD-1
checkpoint binding inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a
PD-L1 protein or active fragment thereof, and wherein binding of the PD-L1 protein or
active fragment thereof does not cause an agonist signal upon binding PD-1. In some
alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1 protein binds
PD-L1 or PD-L2 expressed by tumor cells and/or associated macrophages, and wherein
binding of the PD-1 protein fragment to PD-L1 or PD-L2 does not cause an agonist signal
upon binding. In some alternatives, the PD-L1 protein fragment comprises amino acids 62-
136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1 binding
and interferon alpha, interferon beta, or interferon gamma. In some alternatives, the protein is
a T-cell or NK-cell chemokine. In some alternatives, the chemokine comprises CCL1, CCL2,
CCL3, CCR4, CCL5, CCL7, CCL8/MCP-2, CCLI11, CCL13/MCP-4, HCC-1/CCL14,
CTAC/CCL17, CCLI19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL8, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the genetically modified immune cell further comprises a second vector, wherein the second
vector comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one

target gene in the immune cell, and wherein said nucleic acid is present on the second vector
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or a third vector. In some alternatives, the second vector is an mRNA. In some alternatives,
the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human cell. In
some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE,
CD206, 1L-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the
genetically modified immune cell further comprises a fourth vector, wherein the fourth
vector encodes a Cas9 VP64 fusion protein to activate transcription and translation of a
second protein and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA
complimentary to at least one target gene in the cell. In some alternatives, the second protein
is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, 1L.-12, I1L-18, 1L-23
or GM-CSF. In some alternatives, the fourth vector is an mRNA. In some alternatives, the
mRNA is codon optimized for expression in a eukaryotic cell, such as a human cell. In some
alternatives, the at least one target gene is an endogenous pro-inflammatory gene. In some
alternatives, the at least one target gene encodes for TGF-beta, IL-10, Arginase, HIF-1alpha,
RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some
alternatives, the first vector further comprises a nucleic acid encoding a suicide gene system.
In some alternatives, the suicide gene system is a Herpes Simplex Virus Thymidine Kinase
(HSVTK)/Ganciclovir (GCV) suicide gene system or an inducible Caspase suicide gene
system. In some alternatives, the nucleic acid encoding said protein is under the control of a
regulatory element. In some alternatives, the regulatory element is a promoter that is
inducible by a drug. In some alternatives, the regulatory element is a promoter that is
inducible by a steroid, such as a ligand for the estrogen receptor. In some alternatives, the
regulatory element is a promoter inducible by tamoxifen and/or its metabolites. In some
alternatives, the cell is selected from the group consisting of a macrophage, allogeneic cell,
myeloid cell, a monocyte and a primary human monocyte. In some alternatives, the cell is a
primary human monocyte. In some alternatives, the immune cells are differentiated. In some
alternatives, the immune cells are differentiated to a pro-inflammatory phenotype by
culturing the cells with granulocyte macrophage colony stimulating factor. In some
alternatives, the immune cells are differentiated to an anti-inflammatory phenotype by
culturing the cells with a macrophage colony stimulating factor. In some alternatives, the
administering is performed by adoptive cell transfer. In some alternatives, the genetically

modified immune cells are administered by direct delivery to a tumor bed by injection. In
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some alternatives, the subject in need e.g., a human suffers from cancer or a subject having
cancer is selected to receive an anti-cancer therapy. In some alternatives, the cancer is a solid
tumor. In some alternatives, the solid tumor is selected from the group consisting of a breast
cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer,
renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer,
neck cancer, sarcomas, neuroblastomas and ovarian cancer. In some alternatives, the method
further comprises administering a cellular therapy to the subject in need thereof before, after
or simultaneous to introducing, providing, or administering any one or more of the cells of
any of the alternatives described herein or the composition of any of the alternatives
described herein. In some alternatives, the cellular therapy is CAR T-cell therapy. In some
alternatives, the method further comprises delivering antibodies or binding fragments thereof,
small molecules, heat shock protein-peptide complexes or oncolytic polio virus to the subject
in need thereof before, after, or simultaneous to introducing, providing, or administering any
one or more of the cells of any of the alternatives described herein or the composition of any
of the alternatives described herein into the subject for therapy. In some alternatives, the
antibodies or binding fragments thereof are specific for alphafetoprotein, carcinoembryonic
antigen, CA-125, MUC-1, Epithelial tumor antigen, Tyrosinase, Melanoma associated
antigen (MAGE), HER2, and/or abnormal products of ras or p53. In some alternatives, the
method further comprises administering to the subject in need a prodrug. In some
alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506 or a chemical inducer of
dimerization. In some alternatives, the method further comprises administering to the subject
a drug before, after or simultaneous to introducing, providing, or administering any one or
more of the cells of anyone of the alternatives described herein or the composition of anyone
of the alternatives described herein. In some alternatives, the subject is identified or selected
to receive anti-cancer therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy,
or anti-tumoral therapy. In some alternatives, the method further comprises introducing,
providing, or administering to said subject an additional therapeutic agent, such as a
chemotherapeutic agent, an antiviral agent, or an antibacterial agent or an adjunct therapy
such as radiation therapy and/or surgery before, after or simultaneous to introducing,
providing, or administering any one or more of the cells of anyone of the alternatives

described herein or the composition of anyone of the alternatives described herein. In some
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alternatives, the additional therapeutic agent is an anti-cancer therapy comprising a hormone
blocking therapy, chemotherapy, a small molecule, monoclonal antibodies, or binding
fragments thereof and/or radiation. In some alternatives, the monoclonal antibody is specific
for Her2, CD52, CD20, CD25, VEGF or EGRF. In some alternatives, the hormone blocking
therapy comprises delivery of tamoxifen, anastrozole, and/or letrozole. In some alternatives,
the small molecule comprises a tyrosine kinase inhibitor, a small molecule drug conjugates, a
serine kinase inhibitor and/or a threonine kinase inhibitor.

[0020] Also disclosed is a method of increasing the efficiency of an anti-cancer
therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy, or anti-tumoral
therapy in a subject in need thereof. The method can comprise administering any one or more
of the genetically modified immune cells or any of the compositions of any one or more of
the alternatives described herein to a subject in need thereof and, optionally, selecting or
identifying said subject to receive said genetically modified immune cells and/or measuring
the proliferation of the cancer, infection, bacteria, virus, or tumor in said subject after
administration of said genetically modified immune cells. The composition can comprise any
one or more of the genetically modified immune cells of any one or more of the alternatives
described herein and a carrier, anti-cancer therapeutic, anti-infection therapeutic, antibacterial
therapeutic, anti-viral therapeutic, or anti-tumoral therapeutic. The genetically modified
immune cell can comprise a first vector that comprises a nucleic acid encoding a protein that
promotes persistence and activation of endogenous or adoptively transferred NK or T cells,
induces T-cell proliferation and/or induces production of an interleukin, an interferon, a PD-
Icheckpoint binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the immune cell is a T-cell. In
some alternatives, the immune cell is a modified T-cell. In some alternatives, the immune
cell is genetically modified to express a chimeric antigen receptor (CAR) or T-cell receptor
(Tcr). In some alternatives, the immune cell is an NK cell. In some alternatives, the immune
cell is a genetically modified NK cell. In some alternatives, the immune cell is a myeloid
cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid
cell is a microglial cell. In some alternatives, the immune cell is selected from a group

consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte and a human
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monocyte. In some alternatives, the first vector is a viral vector. In some alternatives, the
viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2, IL12, IL-18 or IL21. In some alternatives, the protein comprises interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the protein comprises a PD-1
checkpoint binding inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a
PD-L1 protein or active fragment thereof, and wherein binding of the PD-L1 protein or
active fragment thereof does not cause an agonist signal upon binding PD-1. In some
alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1 protein binds
PD-L1 or PD-L2 expressed by tumor cells and/or associated macrophages, and wherein
binding of the PD-1 protein fragment to PD-L1 or PD-L2 does not cause an agonist signal
upon binding. In some alternatives, the PD-L1 protein fragment comprises amino acids 62-
136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1 binding
and interferon alpha, interferon beta, or interferon gamma. In some alternatives, the protein is
a T-cell or NK-cell chemokine. In some alternatives, the chemokine comprises CCL1, CCL2,
CCL3, CCR4, CCL5, CCL7, CCL8/MCP-2, CCLI11, CCL13/MCP-4, HCC-1/CCL14,
CTAC/CCL17, CCLI19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGEF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL8, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the genetically modified immune cell further comprises a second vector, wherein the second
vector comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in the immune cell, and wherein said nucleic acid is present on the second vector
or a third vector. In some alternatives, the second vector is an mRNA. In some alternatives,
the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human cell. In
some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE,
CD206, 1L-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the
genetically modified immune cell further comprises a fourth vector, wherein the fourth
vector encodes a Cas9 VP64 fusion protein to activate transcription and translation of a

second protein and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA
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complimentary to at least one target gene in the cell. In some alternatives, the second protein
is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, 1L.-12, I1L-18, 1L-23
or GM-CSF. In some alternatives, the fourth vector is an mRNA. In some alternatives, the
mRNA is codon optimized for expression in a eukaryotic cell, such as a human cell. In some
alternatives, the at least one target gene is an endogenous pro-inflammatory gene. In some
alternatives, the at least one target gene encodes for TGF-beta, IL-10, Arginase, HIF-1alpha,
RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some
alternatives, the first vector further comprises a nucleic acid encoding a suicide gene system.
In some alternatives, the suicide gene system is a Herpes Simplex Virus Thymidine Kinase
(HSVTK)/Ganciclovir (GCV) suicide gene system or an inducible Caspase suicide gene
system. In some alternatives, the nucleic acid encoding said protein is under the control of a
regulatory element. In some alternatives, the regulatory element is a promoter that is
inducible by a drug. In some alternatives, the regulatory element is a promoter that is
inducible by a steroid, such as a ligand for the estrogen receptor. In some alternatives, the
regulatory element is a promoter inducible by tamoxifen and/or its metabolites. In some
alternatives, the cell is selected from the group consisting of a macrophage, allogeneic cell,
myeloid cell, a monocyte and a primary human monocyte. In some alternatives, the cell is a
primary human monocyte. In some alternatives, the immune cells are differentiated. In some
alternatives, the immune cells are differentiated to a pro-inflammatory phenotype by
culturing the cells with granulocyte macrophage colony stimulating factor. In some
alternatives, the immune cells are differentiated to an anti-inflammatory phenotype by
culturing the cells with a macrophage colony stimulating factor. In some alternatives, the
administering is performed by adoptive cell transfer. In some alternatives, the genetically
modified immune cells are administered by direct delivery to a tumor bed by injection. In
some alternatives, the subject in need e.g., a human suffers from cancer or a subject having
cancer is selected to receive an anti-cancer therapy. In some alternatives, the cancer is a solid
tumor. In some alternatives, the solid tumor is selected from the group consisting of a breast
cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer,
renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer,
neck cancer, sarcomas, neuroblastomas and ovarian cancer. In some alternatives, the method

further comprises administering a cellular therapy to the subject in need thereof before, after
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or simultaneous to introducing, providing, or administering any one or more of the cells of
any of the alternatives described herein or the composition of any of the alternatives
described herein. In some alternatives, the cellular therapy is a CAR T-cell therapy. In some
alternatives, the method further comprises delivering antibodies, or binding fragments thereof
small molecules, heat shock protein-peptide complexes or oncolytic polio virus to the subject
in need thereof before, after, or simultaneous to introducing, providing, or administering any
one or more of the cells of any of the alternatives described herein or the composition of any
of the alternatives described herein into the subject for therapy. In some alternatives, the
antibodies or binding fragments thereof are specific for alphafetoprotein, carcinoembryonic
antigen, CA-125, MUC-1, Epithelial tumor antigen, Tyrosinase, Melanoma associated
antigen (MAGE), HER2, and/or abnormal products of ras or p53. In some alternatives, the
method further comprises administering to the subject in need a prodrug. In some
alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506 or a chemical inducer of
dimerization. In some alternatives, the subject is identified or selected to receive anti-cancer
therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy, or anti-tumoral
therapy. In some alternatives, the method further comprises introducing, providing, or
administering to said subject an additional therapeutic agent, such as a chemotherapeutic
agent, an antiviral agent, or an antibacterial agent or an adjunct therapy such as radiation
therapy and/or surgery before, after or simultancous to introducing, providing, or
administering any one or more of the cells of anyone of the alternatives described herein or
the composition of anyone of the alternatives described herein. In some alternatives, the
additional therapeutic agent is an anti-cancer therapy comprising a hormone blocking
therapy, chemotherapy, a small molecule, monoclonal antibodies, or binding fragments
thereof and/or radiation. In some alternatives, the monoclonal antibody is specific for Her2,
CD52, CD20, CD25, VEGF or EGRF. In some alternatives, the hormone blocking therapy
comprises delivery of tamoxifen, anastrozole, and/or letrozole. In some alternatives, the
small molecule comprises a tyrosine kinase inhibitor, a small molecule drug conjugates, a
serine kinase inhibitor and/or a threonine kinase inhibitor. More alternatives concern any one
or more of the aforementioned genetically modified immune cells, alone or in combination,

for use as a medicament.

4.

20397574_1 (GHMatters) P43935AU00



12 Dec 2023

2016318773

[0021] Also disclosed is the genetically modified immune cell of any one of the
alternatives described herein is for use as a medicament. The genetically modified immune
cell can comprise a first vector wherein the first vector comprises a nucleic acid encoding a
protein that promotes persistence and activation of endogenous or adoptively transferred NK
or T cells, induces T-cell proliferation and/or induces production of an interleukin, an
interferon, a PD-1 checkpoint binding protein, HMGB1, MyDS88, a cytokine or a chemokine.
In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein and
interferon alpha, interferon beta, or interferon gamma. In some alternatives, the immune cell
is a T-cell. In some alternatives, the immune cell is a modified T-cell. In some alternatives,
the immune cell is genetically modified to express a chimeric antigen receptor (CAR) or T-
cell receptor (Tcr). In some alternatives, the immune cell is an NK cell. In some alternatives,
the immune cell is a genetically modified NK cell. In some alternatives, the immune cell is a
myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the
myeloid cell is a microglial cell. In some alternatives, the immune cell is selected from the
group consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte and a human

monocyte. In some alternatives, the first wvector is a viral vector. In
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some alternatives, the viral vector is a lentiviral vector. In some alternatives, the lentiviral
vector 1s packaged with a Vpx protein. In some alternatives, the protein supports or promotes
T-cell and/or NK-cell anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1,
IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives, the protein comprises
interferon alpha, beta, or gamma. In some alternatives, the protein comprises a PD-1
checkpoint binding inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a
PD-L1 protein or active fragment thereof, and wherein binding of the PD-L1 protein or
active fragment thereof does not cause an agonist signal upon binding PD-1. In some
alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1 protein binds
PD-L1 or PD-L2 expressed by tumor cells and/or associated macrophages, and wherein
binding of the PD-1 protein fragment to PD-L1 or PD-L2 does not cause an agonist signal
upon binding. In some alternatives, the PD-L1 protein fragment comprises amino acids 62-
136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the protein is a T-cell or NK-cell chemokine. In some alternatives, the
chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8/MCP-2, CCL11,
CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL2s¢,
CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-
2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10, ITAC/CXCL11, CXCL12, CXCL13 or
CXCL15. In some alternatives, the genetically modified immune cell further comprises a
second vector, wherein the second vector comprises a nucleic acid encoding a Cas9
endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein the CRISPR guide
RNA is complimentary to at least one target gene in the immune cell, and wherein said
nucleic acid can be present on the second vector or a third vector. In some alternatives, the
second vector i1s an mRNA. In some alternatives, the Cas9 is codon optimized for expression
in a eukaryotic cell, such as a human cell. In some alternatives, the target gene is PD-L1,
TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the genetically modified immune cell further
comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion protein to
activate transcription and translation of a second protein and a fifth vector, wherein the fifth

vector comprises a CRISPR guide RNA complimentary to at least one target gene in the cell.

25-



WO 2017/044487 PCT/US2016/050552

In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-
alpha/beta/gamma, IL.-12, IL-18, IL-23 or GM-CSF. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the at least one target gene is an endogenous
pro-inflammatory gene. In some alternatives, the at least one target gene encodes for TGF-
beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic acid
encoding a suicide gene system. In some alternatives, the suicide gene system is a Herpes
Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system or an
inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding said
protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the cell is selected from the group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-

inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure 1 shows high grade gliomas having significant macrophage
infiltration. Figure 1A shows representative tissue sections stained with CD163, a
macrophage cell marker (right) and analyzed using Nuance quantitative software for number
of cells/field (left) (Figure 1B). Figure 1C shows representative flow cytometry of GBM
patient tumor-infiltrating macrophages analyzed immediately after tumor resection as defined
by CDI11b and HLA-DR expression (left). Summary of all patients analyzed
(MNGn=13,GBMn=17) (Figure 1D).

[0023] Figure 2 shows mouse macrophages recruited to engrafted U87 tumors.
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[0024] Figure 3 shows HLA-DR+ macrophages successfully transduced with
VPX-containing lentivirus.

[0025] Figure 4 shows that MDMs transduced with a lentivirus encoding GFP
and firefly luciferase persist in a mouse model of GBM. Figure 4A: MDMs transduced with
a GFP and luciferase-encoding lentivirus and evaluated for expression of GFP. Figure 4B:
Results of NSG mice intracranially injected with 2x10° wild-type U87 cells. Figure 4C:
Longitudinal GEM luminescence signals.

[0026] Figure S shows a schematic of representative lentiviral constructs. Gene
regulatory elements are indicated by the arrows and include the EFla promoter and the
Woodchuck Hepatitis Virus Posttranscriptional Regulatory Element (WPRE) enhancer. The
open reading frame of each includes the transgene of interest shown after the promoter
symbol), a T2A co-translational cleavage site, and a Her2t or EGFRt cell-surface epitope tag
for detection of infected cells by binding of Herceptin or Erbitux, respectively.

[0027] Figure 6 shows TGFBRII expression in MDMs and signaling inhibition.
As shown in Figure 6A, Top panel, are macrophages derived from primary monocytes using
GM-CSF and stained with antibodies to HLA-DR-PE-Cy7 and TGFBRII-488 and analyzed
by FCM. (Bottom panel, Figure 6C). MFI of HLA-DR + cells (-98% of the population. As
shown in Figure 6B, are 293Ts expressing a SBE (SMAD binding element) luciferase
reporter and/or dnTGFBRII were treated with 1ng/mL TGFp1 for 3 hours.

[0028] Figure 7 shows that transduced H9 cells secrete PD-1/IFNa fusion protein
(PIFP). As shown in Figure 7A, supernatant from parental or PD1 :IFNa-transduced HO cells
was concentrated, electrophoresed and Western blotted, using monoclonal antibodies to
either a 2A tag, which 1s retained by the IFNa protein (left, 1:5000), or PD1 (right, 1:250).
Figure 7B: Parental or PD1 :IFNa-transduced HO cells were cultured with Brefeldin A, fixed
and permeablized, and an intracellular stain performed with fluorophore-conjugated
antibodies. Cells were analyzed by FCM for anti-IFNa (left) and anti-PD1 (right).

[0029] Figure 8 shows co-transfection of viruses into 293T cells used for
harvesting viruses for infection of CD14+ monocytes or differentiated macrophages.

[0030] Figure 9 shows genetically engineered macrophage (GEM) Functions. It
is believed that GEMs derived from modified MMCs have diverse functions dependent on

the method of modification, including 1) enhancing recruitment and functions of anti-tumor
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immune cells, 2) resisting functional modifications mediated by components of the tumor
microenvironment that suppress immune responses, or 3) inhibiting tumor growth directly.

[0031] Figures 10A-10B shows infection strategies.

[0032] Figure 11A and 11B shows GM-CSF Differentiation Plots. Packaging of
lentivirus with Vpx is required for successful infection of GM-CSF-derived macrophages.

[0033] Figure 12A and 12B shows M-CSF Differentiation Plots. Packaging of
lentivirus with Vpx is required for successful infection of M-CSF-derived macrophages.

[0034] Figure 13 shows that macrophages and monocytes can be infected with
Vpx+ lentivirus in a dose-dependent fashion. GM-CSF (Figure 13A) or M-CSF (Figure
13B) monocyte-derived macrophages were infected on day 7 of differentiation with 20, 50,
100, 250, 500, 750, or 1000 GFP-encoding lentiviral particles (LP) per cell containing Vpx,
or 1000 LP/cell without Vpx. Seven days after infection (14 days after isolation), the
frequency of the population positive for both HLA-DR and GFP (upper right quadrant) was
quantified by flow cytometry. Data are representative of 3 independent replicates. (Figure
13C) Similar to Figure 13A, but infection was performed concurrent with differentiation,
and analysis performed 14 days after isolation/infection. (Figure 13D) Yield of GM-CSF and
M-CSF macrophages differentiated in the presence or absence of 250 LP/cell of virus.
Percentage is relative to the number of input CD14+ cells, and error bars represent the
standard deviation of 3 independent replicates. (t-test, *, p<0.05. 209x218mm (300 x 300
DPI)).

[0035] Figure 14 shows that concurrent differentiation with M-CSF and lentiviral
infection results in dose-dependent GFP expression but low yields. Monocytes were
concurrently differentiated in M-CSF and infected with 20, 50, 100, 250, 500, 750, or 1000
GFP-encoding LP/cell containing vpx, or 1000 LP/cell without vpx. Cells were analyzed by
flow cytometry 14 days after isolation/infection. Percentage positive for HLA-DR and GFP
are shown in the upper right quadrant.

[0036] Figure 15 shows that GEMs express standard myeloid cell surface
markers and respond to LPS/IFNy stimulation. GM-CSF or M-CSF monocyte-derived
macrophages were infected on day O of differentiation with 250 LP/cell of lentivirus
encoding mCherry. On day 6 cells were treated with fresh media or LPS/IFNy for 18 hours
then analyzed by flow cytometry. Macrophages were found to be 100% positive for mCherry
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expression (Figure 15A) regardless of treatment. (Figure 15B) Percentage cells positive, or
(Figures 15C-15G) mean fluorescence intensity (MFI), and overlaid histograms of
macrophage surface protein expression following, viral infection, and/or LPS/IFNy
stimulation. Error bars represent the standard deviation of independent experiments using
monocytes from 3 healthy donors. One-way ANOVA with Dunnet’s multiple comparisons
test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

[0037] Figure 16 shows that GEMs persist within a glioma xenograft model.
(Figure 16A) Experimental schema: Animals were injected with unlabeled U87s, Six days
later; animals were injected in the same site with GFP-ffluc-expressing GEMs. (Figure 16B)
Bioluminescent images 15 minutes after the subcutaneous injection of luciferin. (Figure
16C) Longitudinal analysis of bioluminescence in luciferin treated animals injected with U87
tumor cells and PBS only (circles), GM-CSF differentiated GEMs (squares), or GM-CSF
differentiated, LPS/IFNy stimulated GEMs (triangles) (Figure 16D) Survival curve for
animals injected with U87 tumor cells and PBS only, GM-CSF differentiated GEMs or GM-
CSF differentiated, LPS/IFNy stimulated GEMs (n=4 each group, Mantel-Cox: p=0.2542).

[0038] Figure 17 shows that GEMs do not affect tumor growth in a glioma
xenograft model. (Figure 17A) Experimental schema: Animals were injected with GFP-
ffluc-expressing U87s. Seven days later, animals were injected in the same site with
mCherry-expressing (non-bioluminescent) GEMs. (Figure 17B) Bioluminescent images 15
minutes after the subcutaneous injection of luciferin. (Figure 17C) Longitudinal analysis of
bioluminescence in luciferin treated animals injected with U87 tumor cells and PBS only
(circles), GM-CSF differentiated GEMs (squares), or GM-CSF differentiated, LPS/IFNy
stimulated GEMs (triangles) (Figure 17D) Survival curve for animals injected with U87
tumor cells and PBS only, GM-CSF differentiated GEMs or GM-CSF differentiated,
LPS/IFNy stimulated GEMs, n=5 each group, (Mantel-Cox: p=0.4491). (Figures 17E-17G)
To identify GEMs in tumor tissue, formalin-fixed, paraffin-embedded whole brain sections
were immunostained with an antibody against human CD45. Tumor area is denoted with *
and 1s bounded with a dotted line.

[0039] Figure 18A to 18CC shows cytokine release following LPS/IFNy
stimulation persists for only 24-48 hours. Wild type, GM-CSF-differentiated macrophages
seeded at 200,000 cells per well in a 24 well plate were stimulated with LPS (100ng/mL),
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IFNy (20ng/mL), or LPS + IFNy for 18 hours in 500uL media. Conditioned media was
collected at 18h (Day 1) and replaced with fresh media without cytokines. Media was
harvested every 24 hours for a total of 10 days. Cytokine release was detected using the
Luminex human 30-plex cytokine kit (Life Tech). Most cytokines are detected only in the
first 2 collections, with a steep decrease after 18 hours. Note that IL-10, IL-12, IL-17, IL-7,
IP-10, and MIG remain elevated past the 2 day mark in the LPS + IFNy condition. IFNy
alone has little impact but often potentiates the response to LPS.

[0040] Figure 19 show that GEMs can be engineered to resist the
immunosuppressive tumor microenvironment and support an anti-tumor response. Figure
19A) Amplified and annealed genomic DNA isolated from GEMs infected with a Cas9/IL-
10gRNA-expressing virus, but not Cas9 only control, is cleaved by the Surveyor
endonuclease. Figures 19B, 19C) GEMs expressing Cas9 and IL-10gRNA produce less IL-
10 in response to LPS + IFNy stimulation. Figure 19D) Amplified and annealed genomic
DNA isolated from GEMs infected with a Cas9/PD-L1gRNA-expressing virus, but not Cas9
only control, is cleaved by the Surveyor endonuclease. Figure 19E) Representative flow plot
showing decreased LPS + IFNy induced PD-L1 expression on GEMs expressing Cas9/PD-
L1gRNA relative to Cas9 only control. Figure 19F) MFI differences in PD-L1 expression
after Cas9-mediated PD-L1 gene disruption. Figure 19G) GM-CSF-differentiated
macrophages were seeded at 500,000 cells per well in a 12 well plate were transduced with
250 or 500 LP/cell of lentivirus encoding sTGFBRII. Media was collected on days 3, 5, 12,
and 15 following 24 hours of conditioning and protein secretion was detected by ELISA.
GEMs express sTGFBRII in a manner that is dependent on the dose of virus. Expression
peaks around day 5 post transduction, but persists for at least 2 weeks. Error bars represent
the standard deviation of independent experiments using monocytes from 3 healthy donors.
Figure 19H) GM-CSF-differentiated macrophages were seeded at 200,000 cells per well in a
24 well plate were transduced with 1000 LP/cell of lentivirus encoding IL-21. Media was
collected on days 6 following 24 hours of conditioning and protein secretion was detected by
Bioplex. Error bars represent the standard deviation of independent experiments using
monocytes from 2 healthy donors. Figure 191) GM-CSF-differentiated macrophages were
seeded at 500,000 cells per well in a 12 well plate were transduced with 250 or 500 LP/cell
of lentivirus encoding sTGFPRII. Media was collected on days 3, 5, 12, and 15 following 24
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hours of conditioning and protein secretion was detected by ELISA. GEMs express
sTGFBRII in a manner that is dependent on the dose of virus. Expression peaks around day 5
post transduction, but persists for at least 2 weeks. Error bars represent the standard deviation
of independent experiments using monocytes from 3 healthy donors.

[0041] Figure 20 shows that GEMs can be recovered from the brain following
tumor dissociation. Human cells were isolated from brain tumor xenografts following animal
euthanasia and stained for flow cytometry. After gating on singlets, and live cells, GEMs
were identified as double positive for mCherry and CD45 expression.

[0042] Figure 21 shows that human GEMs disperse from the injection site and
infiltrate tumor tissue. 25 days after GEM injection (30 days post-U87 injection), brains were
harvested, sectioned, and stained for DAPI (blue) and human CD45. CD45 expression is
restricted to engineered macrophages and does not cross react with mouse myeloid cells.
Figure 21A: Representative section from a mouse injected with U87 only and mock injected
with PBS 5 days later, Figure 21B: Representative section from a mouse injected with U87
cells, and 5 days later with CD45 expressing GEMs.

[0043] Figure 22 shows that GEMs express standard myeloid cell surface
markers and respond to LPS/IFNy stimulation. GM-CSF (22A) or M-CSF (22B) monocyte-
derived macrophages were infected on day O of differentiation with 250 vpx-containing
LP/cell of lentivirus encoding mCherry. Cells analyzed for expression on Day 7 were found
to be 100% positive, regardless of treatment. These cells were also analyzed for surface
expression of the common myeloid markers CD11b, CD16, C80, HLADR, PD-L1, and
CD163 (Figure 22C-22H).

[0044] Figure 23A-23F shows GM-CSF and M-CSF macrophages were
transduced on Day O (at the time of CD14 isolation) and stained and analyzed for myeloid
surface markers on Day 7

[0045] Figure 24 shows that constructs used during functional analysis of GEMs.
gRNA sequences encoding PD-L1 (Figure 24A) and IL-10 (Figure 24B) were screened for
their ability to induce Cas9-mediated genomic DNA disruptions with the Surveyor assay.
Successful sequences and the resultant cleavage are shown. Architecture of integrating region
of (Figure 24C) epHIV7.2 and (Figure 24D) LentiCRISPRv2 lentiviral vectors used.
(Figure 24E) CD19t epitope tag surface expression analyzed by flow cytometry following
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infection with lentiviruses encoded in (Figure 24C). (Figure 24F) EGFRt epitope tag
surface expression by flow cytometry following infection with lentiviruses encoded in (24D).

[0046] Figure 25 shows that GM-CSF-differentiated macrophages and
monocytes can be infected with Vpx+ lentivirus in a dose-dependent fashion. (Figure 25A)
Following 7 days of GM-CSF differentiation, macrophages were infected with 20, 50, 100,
250, 500, 750, or 1000 GFP-ffluc-encoding lentiviral particles (LP) per cell containing Vpx,
or 1000 LP/cell without Vpx. Seven days after infection (14 days after isolation), the
frequency of the population positive for both HLA-DR and GFP (upper right quadrant) was
quantified by flow cytometry. Data are representative of 3 independent replicates. (Figure
25B) Similar to A, but infection was performed concurrently with differentiation, and
analysis performed 14 days later. Yields of cells infected as macrophages (Figure 25C) or
monocytes (Figure 25D) relative to the number of uninfected cells recovered. (Figure 25E)
Yield of macrophages recovered following differentiation with GM-CSF or M-CSF, as a
percentage of the number of CD14+ monocytes originally isolated. Error bars represent the
standard deviation of independent experiments using CD14+ monocytes isolated from 3
healthy donors. Unpaired t-test, ns: p>0.05. ns: not significant.

[0047] Figure 26 shows that GEMs can be engineered to resist the
immunosuppressive tumor microenvironment and support an anti-tumor response. (Figure
26A) GEMs transduced with Cas9 and IL-10gRNA were evaluated for IL-10 secretion in
response to LPS + IFNy stimulation using Bioplex. IL-10 expression for each patient was
expressed as percent of the EGFRt vector control. Error bars represent the standard deviation
of independent experiments using CD14+ monocytes isolated from 3 healthy donors.
Unpaired t-test, ***p<0.001. (Figure 26B) Representative flow cytometry dot plot showing
LPS + IFNy induced PD-L1 expression on GEMs expressing Cas9/PD-L1gRNA relative to
Cas9 only control (EGFRt vector). (Figure 26C) Mean fluorescence intensity of PD-LI
surface expression after Cas9-mediated PD-L1 gene disruption. Error bars represent the
standard deviation of independent experiments using CD14+ monocytes isolated from 3
healthy donors. PD-L1 expression for each patient was expressed as percent of the EGFRt
vector control. Unpaired t-test, ****p<0.0001. (Figure 26D) GM-CSF-differentiated
macrophages were transduced on day 7 with 250 LP/cell lentivirus encoding CD19t-T2A-
sTBRII or CD19t vector control. Media was collected on days 5, 6, and 7, following 24 hours
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of conditioning at each time point, and secreted sTBRII was detected using ELISA. Error bars
represent the standard deviation of independent experiments using monocytes from 3 healthy
donors. One-way ANOVA with Dunnet’s multiple comparisons test. p>0.05. ns: not
significant. n/d: not detected. (26E) GM-CSF-differentiated macrophages were transduced
with 250 LP/cell of lentivirus encoding IL-21-T2A-CD19t or CD19t vector control. Media
was replaced on day 6, and collected 24 hours later for quantification of secreted protein
using Bioplex for IL-21. Error bars represent the standard deviation of independent
experiments using monocytes from 3 healthy donors. n/d: not detected.

[0048] Figure 27 shows GEMs can be engineered to have multiple functions.
(Figure 27A) GEMs infected with viruses encoding sTPRII and PD-L1gRNA can be selected
for co-expression of the CD19t and EGFRt epitope tags (Q2, EGFRt and CD19t positive).
(Figure 27B) Representative flow cytometry dot plot showing decreased LPS + IFNy
induced PD-L1 expression on GEMs expressing Cas9/PD-L1gRNA relative to Cas9 only
control, gated on both EGFRt and CD19t expression to select for dually infected cells.
(Figure 27C) MFI differences in PD-L1 expression after Cas9-mediated PD-L1 gene
disruption and selection for co-expression of EGFRt and CD19%t. Error bars represent the
standard deviation of independent experiments using CD14+ monocytes isolated from 3
healthy donors. Unpaired t-test, ***p<0.001. (Figure 27D) GEMs infected with two viruses
produce sTPRIIL. Conditioned media was collected from doubly transduced cells as above and
analyzed for sTPRII expression by ELISA. Error bars represent the standard deviation of
independent experiments using CD14+ monocytes isolated from 3 healthy donors. n/d: not
detected. (27E) GEMs infected with viruses encoding IL-21 and Cas9/IL-10gRNA identified
using antibodies specific for non-signaling epitope tags CD19t and EGFRt (Q2, EGFRt and
CD19t positive). Conditioned media was collected from doubly transduced cells as above
and analyzed for IL-21 and IL-10 expression using Bioplex. (Figure 27F) GEMs infected
with IL-21 and IL-10gRNA viruses secrete reduced IL-10 in response to LPS + IFNy. Error
bars represent the standard deviation of independent experiments using CD14+ monocytes
isolated from 3 healthy donors. One-way ANOV A with Dunnet’s multiple comparisons test.
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. (Figure 27G) GEMs infected with TL-21
and IL-10gRNA viruses still secrete high levels of IL-21. Error bars represent the standard
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deviation of independent experiments using CD14+ monocytes isolated from 3 healthy
donors. Unpaired t test, p>0.05. ns: not significant. n/d: not detected.

[0049] Figure 28 shows that lentivirus packaged with Vpx is more efficient at
transducing dendritic cells and macrophages. On day 3 of differentiation, monocyte-derived
dendritic cells (Figure 28A) and macrophages (Figure 28B) were infected with an MOI of 0,
1, or 15 of GFP-ffluc-containing lentivirus packaged without Vpx, or MOI of 1 of GFP-ffluc-
encoding lentivirus packaged with Vpx. A viability cell stain was included (left column), and
those cells falling in the “live” gate were analyzed for GFP expression (right).

[0050] Figure 29 shows that M-CSF-differentiated macrophages and monocytes
can be infected with Vpx+ lentivirus in a dose-dependent manner. (Figure 29A) Following 7
days of M-CSF differentiation, macrophages were infected with 20, 50, 100, 250, 500, 750,
or 1000 GFP-ffluc-encoding lentiviral particles (LP) per cell containing Vpx, or 1000 LP/cell
without Vpx. Seven days after infection (14 days after isolation), the frequency of the
population positive for both HLA-DR and GFP (upper right quadrant) was quantified by flow
cytometry. Data are representative of 3 independent replicates. (Figure 29B) Similar to
Figure 29A, but infection was performed concurrent with differentiation, and analysis
performed 14 days after isolation/infection. (Figure 29C) Yields of cells infected as
monocytes relative to the number of uninfected cells recovered. Error bars represent the
standard deviation of independent experiments using CD14+ monocytes isolated from 3
healthy donors. Unpaired t-test, *p<0.05.

[0051] Figure 30 shows lentiviral integration events per cell. Cells were
transduced (Figure 30A) as macrophages (Day 7) or (Figure 30B) as monocytes (Day 0)
with 100 or 250 GFP-ffluc-encoding LP/cell. Genomic DNA was isolated 3 days post
transduction. To calculate the number of vector integration sites per cell qPCR was
performed for WPRE and the albumin gene. Lentiviral copy number per cell was calculated
by multiplying the ratio of pg of WPRE/Albumin by two.

[0052] Figure 31 shows cytokine production following wviral transduction.
Conditioned media samples from wild type (WT) and virally transduced monocytes were
analyzed 24 hours or 7 days post-transduction by Luminex for (Figure 31A) IL12 (p40/p70),
(Figure 31B) TNF, and (Figure 31C) IFNa. All 3 analytes were below the limit of detection

(dotted line), regardless of treatment.
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[0053] Figure 32 and 33 show expanded and cryogenically preserved CD4 and
CD8 selected T cells were engineered to express the EGFRVIII 806CAR and the chimeric
IL7 receptor (CD127) extracellular domain fused to the IL2 receptor (CD122) intracellular
signaling domain and CD3/CD28 activated prior to freezing. Thawed CD4 or CD8 T cells
were labeled with Cell Trace Violet, and cultured for 7 days with either recombinant IL-7 as
a control (500ng/ml), conditioned media frozen back from GEMs expressing either IL-7 or
EGFRt (vector only), or co-cultured with autologous GEMs secreting IL-7 or EGFRt and
analyzed using flow cytometry for CellTrace Violet dilution as a measure of proliferation.
None of these were re-stimulated with CD3/CD28, nor did they receive any cytokines other
than the IL-7.

Definitions
[0054] In the description that follows, a number of terms are used extensively.

The following definitions are provided to facilitate understanding of the present alternatives.

[0055] As used herein, “a” or “an” may mean one or more than one.

[0056] As used herein, the term “about” indicates that a value includes the
inherent variation of error for the method being employed to determine a value, or the
variation that exists among experiments.

[0057] As described herein, the “tumor microenvironment” (TME) is the
surrounding microenvironment that constantly interacts with tumor cells which is conducive
to allow cross-talk between tumor cells and its environment. A tumor microenvironment
plays a role in disrupting the cancer immunity cycle and plays a critical role in multiple
aspects of cancer progression. For example, the TME can decrease drug penetration, confer
proliferative and anti-apoptotic advantages to surviving cells, facilitate resistance without
causing genetic mutations and epigenetic changes, and collectively modify disease modality
and distort clinical indices. Without being limiting, the tumor microenvironment can include
the cellular environment of the tumor, surrounding blood vessels, immune cells, fibroblasts,
bone marrow derived inflammatory cells, lymphocytes, signaling molecules and the
extracellular matrix. The tumor environment can include tumor cells or malignant cells that
are aided and influenced by the tumor microenvironment to ensure growth and survival. The

tumor microenvironment can also include tumor-infiltrating immune cells such as lymphoid
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and myeloid cells, which can stimulate or inhibit the antitumor immune response and stromal
cells such as tumor-associated fibroblasts and endothelial cells that contribute to the tumor’s
structural integrity. Without being limiting, stromal cells can include cells that make up
tumor-associated blood vessels, such as endothelial cells and pericytes, which are cells that
contribute to structural integrity (fibroblasts), as well as tumor-associated macrophages
(TAMs) and infiltrating immune cells including monocytes, neutrophils (PMN), dendritic
cells (DCs), T and B cells, mast cells, and natural killer (NK) cells. The stromal cells make
up the bulk of tumor cellularity while the dominating cell type in solid tumors is the
macrophage.

[0058] The tumor microenvironment can also comprise microniches in which the
niches are well perfused and oxygenated or poorly perfused and hypoxic. In the case in
which the niche i1s poorly perfused and hypoxic, the niche can be particularly dangerous to
the host as it can harbor resistant tumor cells that can survive a nutrient and oxygen deprived
environment.

[0059] The tumor can influence 1its surrounding environment to be
immunosuppressive by the release of extracellular signals, promoting tumor angiogenesis, for
example, by the upregulation of VEGF, and induce peripheral immune tolerance.

[0060] In some alternatives described herein, a method of making a genetically
modified immune cell for modifying a tumor microenvironment (TME) is provided, wherein
the method comprising delivering a first vector to an immune cell, wherein the first vector
comprises a nucleic acid encoding a protein that induces T-cell proliferation, promotes
persistence and activation of endogenous or adoptively transferred NK or T cells and/or
induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, a method of modulating the suppression of the immune response in a
tumor microenvironment of a subject in need thereof is provided, wherein the method
comprises administering any one or more of the genetically modified immune cells of any
one or more of the alternatives described herein to a subject in need thereof e.g., a human
and, optionally, selecting or identifying said subject to receive said genetically modified

immune cells and/or measuring a modulation of suppression of the immune response in the
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tumor microenvironment of said subject after administration of said genetically modified
immune cells. In some alternatives, a method of minimizing the proliferation of tumor and
suppressive cells in a subject in need thereof is provided, wherein the method comprises
administering any one or more of the genetically modified immune cells of any one or more
of the alternatives described herein to a subject in need thereof e.g., a human and, optionally,
selecting or 1dentifying said subject to receive said genetically modified immune cells and/or
measuring the proliferation of tumor and suppressive cells in said subject after administration
of said genetically modified immune cells. In some alternatives, the T-cells that are
proliferated are selected from the group consisting of T-helper Cells, memory T-cells,
cytotoxic T-cells, suppressor T-cells, natural killer T cells, and gamma delta T-cells. Shown
in Figure 9, is the use of some of the genetically modified immune cells described herein for
increasing anti-tumor immunity.

[0061] In some alternatives, small designer proteins are used to occupy the PD-1
binding site without delivery of an agonist signal. Computational programs, mutagenesis and
other methods to determine binding sites can be utilized. The PD-L1 residues 62-136, as
described by Lin et al. (“The PD-1/PD-L1 complex resembles the antigen-binding Fv
domains of antibodies and T-cell receptors,” Proc Natl Acad Sci U S A. 2008 Feb 26; 105(8):
3011-3016; incorporated by reference in its entirety herein) can be used to occupy the PD-1
binding site in some alternatives described herein. Additionally, multiple PD-1 binding
molecules can be tested for antagonist function upon binding of PD-1. PD-1 binding
molecules that do not deliver an inhibitory signal can be used to inhibit PD-1/PD-L1 complex
agonist activity or PD-1/PD-L2 agonist activity. Additionally in some alternatives, single
chain antibody or antibody-like proteins generated using the sequence of monoclonal
antibodies developed to inhibit PD-1 signaling can be used to prevent complex agonist
activity. Examples are described in US8008449 B2 (hereby expressly incorporated by
reference in its entirety).

[0062] “Protein” as described herein refers to a macromolecule comprising one
or more polypeptide chains. A protein can therefore comprise of peptides, which are chains
of amino acid monomers linked by peptide (amide) bonds, formed by any one or more of the
amino acids. A protein or peptide can contain at least two amino acids, and no limitation is

placed on the maximum number of amino acids that can comprise the protein or peptide
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sequence. Without being limiting, the amino acids are, for example, arginine, histidine,
lysine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine, cysteine,
cystine, glycine, proline, alanine, valine, hydroxyproline, isoleucine, leucine, pyrolysine,
methionine, phenylalanine, tyrosine, tryptophan, ornithine, S-adenosylmethionine, and
selenocysteine. A protein can also comprise non-peptide components, such as carbohydrate
groups, for example. Carbohydrates and other non-peptide substituents can be added to a
protein by the cell in which the protein is produced, and will vary with the type of cell.
Proteins are defined herein in terms of their amino acid backbone structures; substituents
such as carbohydrate groups are generally not specified, but can be present nonetheless. In
some alternatives described herein, a method of making a genetically modified immune cell
for modifying a tumor microenvironment (TME) 1s provided, wherein the method comprises
delivering a first vector to an immune cell, wherein the first vector comprises a nucleic acid
encoding a protein that induces T-cell proliferation, promotes persistence and activation of
endogenous or adoptively transferred NK or T cells and/or induces production of an
interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a cytokine or
a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein
and interferon alpha, interferon beta, or interferon gamma. In some alternatives, the gene
delivery polynucleotide further comprises a sequence for at least one protein. In some
alternatives, the protein induces or promotes T-cell proliferation. In some alternatives, the
protein induces production of an interleukin, an interferon, a PD-1checkpoint binding
protein, HMGB1, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a
fusion of PD-1 binding and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the T-cells that are proliferated are selected from the group consisting of T-
helper Cells, memory T-cells, cytotoxic T-cells, suppressor T-cells, natural killer T cells, and
gamma delta T-cells.

[0063] Proteins that can be expressed by the genetically modified immune cell
can also be genetically modified to enhance therapeutic effects, such as, for example, a
longer half-life, and resistance to proteases. Methods such as fusion of a protein to a
polypeptide such as PAS, albumin, and XTEN is described in the literature (Schlapschy er
al., Protein Eng Des Sel. 2013 Aug; 26(8): 489-501; Kontermann et al., Current Opinion in
Biotechnology Volume 22, Issue 6, December 2011, 868—876; Schulte et al., Thrombosis
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Research Volume 122, Supplement 4, 2008, Pages S14-S19; all incorporated by reference in
their entireties herein). Methods to increase a protein half-life can include, but is not limited
to fusion of the protein of interest to albumin or a portion thereof to extend the half-life by
recombinant techniques, fusion of a protein to an IgG Fc region to prolong the half-life of a
protein by recombinant techniques, fusion of an antibody Fc domains onto the protein of
interest in order to extend the half-life by recombinant techniques, fusion of the protein of
interest to the 864 amino acid polypeptide, XTEN, in order to extend the protein half-life by
recombinant techniques, and fusion of the protein of interest to the polypeptide, PAS (XL-
protein GmbH)9), in order to extend the protein half-life by recombinant techniques. The
genetic fusions with Fc, human serum albumin (HSA), the designed polypeptide fusions
XTEN and PAS, are known to those skilled in the art and can be fused to the protein of
interest by recombinant techniques in order add a longer half-life to a protein or to resist
proteolysis. In some alternatives described herein, a method of making a genetically modified
immune cell for modifying a tumor microenvironment (TME) is provided, wherein the
method comprises delivering a first vector to an immune cell, wherein the first vector
comprises a nucleic acid encoding a protein that induces T-cell proliferation, promotes
persistence and activation of endogenous or adoptively transferred NK or T cells and/or
induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, the protein is fused to a polypeptide by recombinant techniques in order
to increase the half-life of the protein and/or to increase the resistance of the protein to
degradation. In some alternatives, the polypeptide comprises an antibody Fc domain or
portion thereof, an IgG Fc domain or portion thereof, XTEN or a portion thereof, PAS or a
portion thereof, or human serum albumin or a portion thereof.

[0064] In some alternatives, the vectors encoding the protein for inducing T-cell
proliferation and/or inducing production of an interleukin, an interferon, a PD-1checkpoint
binding protein, HMGB1, MyD88, a cytokine or a chemokine can be an RNA or a nucleic
acid encoding an RNA for translation of the protein. The RNA can be constructed so that it is
modified to contain different codons to optimize expression in a selected host cell e.g.,

human, as i1s known in the art. The RNA can be constructed to increase its half-life in the cell
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and to increase efficiency of translation of the protein. In some alternatives, polyadenylation
can be used to increase the stability of an RNA in a cell and increase the half-life of an RNA.
In some alternatives, the RNA 1s modified to increase the half-life of the RNA or to increase
the translation levels in the cell. In some alternatives, the RNA can comprise a poly(A) tail of
50, 100, 150, 200, 250, 300, 350, 400, 450, or 500 covalently linked adenosine residues, or
an amount of residues within a range defined by any two of the aforementioned values.

[0065] In some alternatives, an immune cell comprises a first vector, wherein the
first vector comprises a nucleic acid encoding a protein that induces T-cell proliferation,
promotes persistence and activation of endogenous or adoptively transferred NK or T cells
and/or induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor
activity. Examples of proteins that can promote anti-tumor activity are described and are not
limited to p53 (a tumor suppressor), ribosome inactivating proteins (RIPs; inhibition of
protein synthesis and anti-tumor activities) and cytokines. In some alternatives, the protein is
pS3, a ribosome inactivating protein, a cytokine or a chemokine. Cytokines can include but
are not limited to IL-2 (proliferation and development of NK cells), IL-1p (increases lytic
activity of immune cells), IFNy, IL-1, IL-7 (promote T-cell proliferation/survival and
development of cytolytic effector functions), IL-15 (promote T-cell proliferation/survival and
development of cytolytic effector functions), IL12 (promote T-cell proliferation/survival and
development of cytolytic effector functions), IL-18 (promote CD8 and Thl effector
functions), IL-21 (regulatory effects on cells of the immune system, including natural killer
(NK) cells and cytotoxic T-cells that can destroy virally infected or cancerous cells) or IL-33
(promote CD8 and Th1 effector functions). In some alternatives of the proteins expressed by
the immune cells, the protein is a cytokine. In some alternatives, the cytokine is IL-2, IL-1,
IFNy, IL-1, IL-7, IL-15, IL12, IL-18, IL-21 or IL-33. In some alternatives, the protein is
TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives, IL-15 is
encoded by a sequence set forth in SEQ ID NO: 35
(GCCACCATGGCACTTCCAGTCACAGCGCTTCTTCTGCCTTTGGCACTGCTTCTCC
ACGCAGCACGCCCAAACTGGGTCAATGTAATCAGCGACCTGAAGAAGATTGAAG
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ACCTGATTCAATCAATGCACATAGACGCTACGTTGTACACCGAATCAGATGTTCA
TCCTAGCTGTAAAGTCACCGCAATGAAATGTTTTTTGCTGGAGCTTCAAGTTATA

TCCCTTGAGTCTGGGGACGCATCTATACATGACACAGTTGAGAATTTGATCATAT
TGGCAAACAATAGCTTGTCTTCCAACGGTAATGTCACAGAGTCCGGTTGTAAAG

AGTGTGAGGAACTTGAAGAGAAAAACATTAAAGAATTTCTCCAGAGTTTCGTAC

ATATTGTACAAATGTTCATAAATACTTCTATCTATATCTGGGCTCCTCTCGCCGGA
ACCTGTGGCGTTCTGCTGCTGTCTTTGGTGATTACAGGAAGTGGAGCCACAAATT
TCAGTCTGCTTAAACAGGCAGGGGATGTGGAGGAGAACCCCGGCCCAATGCGAA
TTTCAAAACCACATCTTAGATCAATCAGCATACAGTGTTATCTTTGTCTGCTGCTC
AACAGCCATTTCTTGACTGAAGCCAACTGGGTCAACGTAATTTCTGATCTTAAAA
AAATCGAGGATCTGATCCAGAGTATGCACATAGACGCAACGCTTTACACCGAAA
GTGATGTCCATCCGTCATGTAAAGTAACGGCGATGAAGTGTTTCCTTCTCGAGCT
TCAGGTAATTTCATTGGAGTCTGGAGATGCCTCTATTCATGACACGGTAGAGAAT
TTGATCATTCTCGCTAACAATAGTCTTTCCAGTAACGGTAACGTTACAGAGAGCG
GATGTAAAGAATGTGAGGAATTGGAGGAGAAGAACATTAAGGAATTCCTTCAGT
CCTTTGTCCACATCGTTCAGATGTTTATTAACACGAGTTGA). In some alternatives,
the protein comprises interferon alpha, interferon beta, or interferon gamma. More
alternatives concern any one or more of the aforementioned genetically modified immune
cells, alone or in combination, for use as a medicament e.g., to treat or inhibit a cancer such
as breast cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon
cancer, renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head
cancer, neck cancer, sarcomas, neuroblastomas and ovarian cancer.

[0066] “Modulate immune response” or “modulation of an immune response”
refers to the adjustment of an immune response to a desired level, such as, for example, in
immunopotentiation, immunosuppression or induction of immunological tolerance. In the
alternatives described herein, the genetically modified immune cells are provided to
modulate the tumor microenvironment with secreted proteins that can alter immunity. These
proteins or immunomodulators can include but is not limited to interleukins, cytokines,
immunomodulatory  antibodies, and chemokines. Without being limiting the
immunomodulators can be IL-2, G-CSF, Imiquimod, CCL3, CCL26, CSCL7, TGFBRII, IL-
1, IL-6, IL-7, IL-15, IL-2, 1L12, IL-18, IL21, interferon alpha, interferon beta, interferon
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gamma, PD-1 checkpoint binding inhibitor, CCL1, CCL2, CCL3, CCR4, CCLS5, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLI11,
CXCL12, CXCL13 or CXCL15. Immunomodulators can either enhance an immune response
or suppress it. In some alternatives, the immunomodulatory can enhance the activity of the
immune system to increase the body’s natural defense mechanism against a disease.
Immunomodulators can also modulate immunosuppression in order to increase the efficacy
of anti-cancer treatments. In a tumor environment, the tumor can inhibit or suppress the anti-
tumor effect of the immune response. In some alternatives described herein, in cancer and/or
[0067] “Chemokines” as described herein are a family of small cytokines, or
signaling proteins secreted by cells. Chemokines can be either basal or inflammatory.
Inflammatory chemokines are formed upon inflammatory stimuli such as IL-1, TNF-alpha,
LPS or by viruses, and participate in the inflammatory response attracting immune cells to
the site of inflammation. Without being limiting, inflammatory chemokines can include
CXCL-8, CCL2, CCL3, CCL4, CCL5, CCL11 or CXCL10. In some alternatives, an immune
cell comprises a first vector, wherein the first vector comprises a nucleic acid encoding a
protein that induces T-cell proliferation, promotes persistence and activation of endogenous
or adoptively transferred NK or T cells and/or induces production of an interleukin, an
interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a cytokine or a chemokine.
In some alternatives, the protein is a T-cell or NK-cell chemokine. In some alternatives, the
chemokine 1s CXCL-8, CCL2, CCL3, CCL4, CCL5, CCL11 or CXCL10. In some
alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCLS,
CCL11, CCL13, CCL17, CCL22, CCL24, or CCL26. In some alternatives, the chemokine is
CCL1, CCL2, CCL3, CCR4, CCLS5, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-
1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL38, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the chemokines are selected from the group consisting of EGF, Eotaxin, FGF-2, FLT-3L,
Fractalkine, G-CSF, GM-CSF, GRO, IL-10, IL-12(p40), IL-12(p70), IL-13, IL-13, IL-15,
T18A, IL-1RA, Tl-1a, IL-1b, 11-2, 11-3, T1-4, TI-5, 11-6, 1I-7, IL-8, IL-9, INF-02, INFy, IP-10,
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MCP-1, MCP-3, MDC, MIP-1a, MIP-1b, PDGF-AA, PDGF-BB, RANTES, TGF-a, TGF-B,
VEGF, sCD401, 6CKINE, BCA-1, CTACK, ENA78, Eotaxin-2, Eotaxin-3, 1309, IL-16, IL-
20, TL-21, TL-23, TL-28a, IL-33, LIF, MCP-2, MCP-4, MIP-1d, SCF, SDF-1latb, TARC,
TPO, TRAIL, TSLP, CCL1ra/HCC-1, CCL19/MIP beta, CCL20/MIP alpha, CXCL11/1-
TAC, CXCL6/GCP2, CXCL7/NAP2, CXCL9/MIG, IL-11, IL-29/ING-gamma, M-CSF and
XCL1/Lymphotactin. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ
1D NO: 35
(GCCACCATGGCACTTCCAGTCACAGCGCTTCTTCTGCCTTTGGCACTGCTTCTCC
ACGCAGCACGCCCAAACTGGGTCAATGTAATCAGCGACCTGAAGAAGATTGAAG
ACCTGATTCAATCAATGCACATAGACGCTACGTTGTACACCGAATCAGATGTTCA
TCCTAGCTGTAAAGTCACCGCAATGAAATGTTTTTTGCTGGAGCTTCAAGTTATA
TCCCTTGAGTCTGGGGACGCATCTATACATGACACAGTTGAGAATTTGATCATAT
TGGCAAACAATAGCTTGTCTTCCAACGGTAATGTCACAGAGTCCGGTTGTAAAG
AGTGTGAGGAACTTGAAGAGAAAAACATTAAAGAATTTCTCCAGAGTTTCGTAC
ATATTGTACAAATGTTCATAAATACTTCTATCTATATCTGGGCTCCTCTCGCCGGA
ACCTGTGGCGTTCTGCTGCTGTCTTTGGTGATTACAGGAAGTGGAGCCACAAATT
TCAGTCTGCTTAAACAGGCAGGGGATGTGGAGGAGAACCCCGGCCCAATGCGAA
TTTCAAAACCACATCTTAGATCAATCAGCATACAGTGTTATCTTTGTCTGCTGCTC
AACAGCCATTTCTTGACTGAAGCCAACTGGGTCAACGTAATTTCTGATCTTAAAA
AAATCGAGGATCTGATCCAGAGTATGCACATAGACGCAACGCTTTACACCGAAA
GTGATGTCCATCCGTCATGTAAAGTAACGGCGATGAAGTGTTTCCTTCTCGAGCT
TCAGGTAATTTCATTGGAGTCTGGAGATGCCTCTATTCATGACACGGTAGAGAAT
TTGATCATTCTCGCTAACAATAGTCTTTCCAGTAACGGTAACGTTACAGAGAGCG
GATGTAAAGAATGTGAGGAATTGGAGGAGAAGAACATTAAGGAATTCCTTCAGT
CCTTTGTCCACATCGTTCAGATGTTTATTAACACGAGTTGA).

[0068] “Interferons” (IFNs) as described herein, are signaling proteins
synthesized and released by host cells in response to the presence of pathogens, such as
viruses, bacteria, parasites, or tumor cells. For example, a virus-infected cell will release
interferons causing nearby cells to heighten their anti-viral defenses. Interferons, such as
Type I IFN has been shown to inhibit tumor growth in animals. Interferons can also increase

pS3 activity, which can promote apoptosis of cancer cells. IFN in combination with p53 has
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been linked to a protective role against several cancers. Interferon beta 1a, interferon beta 1b,
interferon alfa and interferon beta have been used as a treatment for some cancers. In some
alternatives, an immune cell comprises a first vector, wherein the first vector comprises a
nucleic acid encoding a protein that induces T-cell proliferation, promotes persistence and
activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the interferon is a Type I IFN. In some alternatives, the interferon is interferon
beta 1a, interferon beta 1b, interferon alfa or interferon beta.

[0069] “Programmed cell death protein 1,” or PD-1 is a protein that functions as
an immune checkpoint and plays a role in down regulating the immune system by preventing
the activation of T cells to reduce autoimmunity and promote self-tolerance. PD-1 has an
inhibitory effect of programming apoptosis in antigen specific T cells in the lymph nodes and
simultaneously reducing apoptosis in regulatory T cells. PD-1 inhibitors can be used however
to activate the immune system to attack tumors and can be used to treat some types of
cancers. PD-1 has two ligands PD-L1 and PD-L2. Binding of PD-L1 to PD-1 allows the
transmittal of an inhibitory signal which reduces the proliferation of CD8+ T cells at lymph
nodes. PD-L1 can also bind PD-1 on activated T cells, B cells and myeloid cells to modulate
activation or inhibition. The upregulation of PD-L1 may also allow cancers to evade the host
immune system. Therefore, inhibitors to PD-L1 or PD-1 to prevent formation of a PD-L1-
PD-1 complex, is important for suppression of some cancers.

[0070] In some alternatives, a PD-1 inhibitor is provided. In some alternatives,
the inhibitor is an scFv. scFv PDl-inhibitor (Nivolimumab) comprises an amino acid
sequence set forth in SEQ ID NO: 39
(QVQLVESGGGVVQPGRSLRLDCKASGITFSNSGMHWVRQAPGKGLEWVAVIWYD
GSKRYYADSVKGRFTISRDNSKNTLFLOQMNSLRAEDTAVYYCATNDDYWGQGTLV
TVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKY GPPCPPCPA
PEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNA
KTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPR
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EPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSRLTVDKSRWQEGNVFSCSV MHEALHNHYTQKSLSLSLGK). The light
chain  comprises a  sequence set forth in SEQ ID NO: 40
(EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSSNWPRTFGQGTKVEIKRTVAAPSVFI
FPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTY

SLSSTLT LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC). The variable heavy
chain  comprises a  sequence set forth in SEQ ID NO: 41
(QVQLVESGGGVVQPGRSLRLDCKASGITFSNSGMHWVRQAPGKGLEWVAVIWYD

GSKRYYADSVKGRFTISRDNSKNTLFLOQMNSLRAEDTAVYYCATNDDYWGQGTLV
TVSSGGGGSGGGGSGGGGS). The variable light chain comprises a sequence in SEQ ID
NO: 42
(EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVYYCQQSSNWPRTFGQGTKVEIK).

[0071] In some alternatives, the heavy and the light chain are optimized. The
optimized heavy chain comprises a sequence set forth in SEQ ID NO: 43
(MEFGLSWVFLVALFRGVQC), which is encoded by a sequence set forth in SEQ ID NO:
44
(ATGGAGTTTGGGCTGAGCTGGGTTTTCCTCGTTGCTCTTTTTAGAGGTGTCCAGT
GT). The optimized light chain comprises a sequence set forth in SEQ ID NO: 45
(MDMRVPAQLLGLLLLWLSGARC), which is encoded by a sequence set forth in SEQ ID

NO: 46
(ATGGACATGAGGGTCCCTGCTCAGCTCCTGGGGCTCCTGCTGCTCTGGCTCTCA
GGTGCCAGATGT).

[0072] “PD-L2” as described herein, is a second ligand for PD-1 that can inhibit
T-cell activation. Therefore inhibitors that bind PD1, PD-L1 or PD-L2 to prevent a PD1-PD-
L1 complex or PD1-PDL2 complex formation can suppress some cancers. In some
alternatives of the methods described herein, the protein is an inhibitor that can bind PDI,
PD-L1 or PD-L2 to prevent a PD1-PD-L1 complex or PD1-PDL2 complex.

[0073] In some alternatives, an immune cell comprises a first vector, wherein the

first vector comprises a nucleic acid encoding a protein that induces T-cell proliferation,
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promotes persistence and activation of endogenous or adoptively transferred NK or T cells
and/or induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, the protein is a PD-1 checkpoint binding inhibitor. In some alternatives,
the PD-1 checkpoint inhibitor binds to PD1, PD-L1 or PD-L2 to prevent a PD1-PD-L1
complex or PD1-PDL2 complex formation or persistence. In some alternatives, the PD-1
checkpoint binding inhibitor is a PD-L1 protein or active fragment thereof, and wherein
binding of the PD-L1 protein or active fragment thereof does not cause an agonist signal
upon binding PD-1. In some alternatives, the protein comprises a PD-1 protein fragment,
wherein the PD-1 protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or
associated macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-
L2 does not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein
fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the
protein is a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta,
or interferon gamma. More alternatives concern any one or more of the aforementioned
genetically modified immune cells, alone or in combination, for use as a medicament e.g., to
inhibit or treat a cancer such as breast cancer, brain cancer, lung cancer, liver cancer,
stomach cancer, spleen cancer, colon cancer, renal cancer, pancreatic cancer, prostate cancer,
uterine cancer, skin cancer, head cancer, neck cancer, sarcomas, neuroblastomas and ovarian
cancer.

[0074] As used herein, “nucleic acid” or “nucleic acid molecule” refers to
polynucleotides, such as deoxyribonucleic acid (DNA) or ribonucleic acid (RNA),
oligonucleotides, fragments generated by the polymerase chain reaction (PCR), and
fragments generated by any of ligation, scission, endonuclease action, and exonuclease
action. Nucleic acid molecules can be composed of monomers that are naturally-occurring
nucleotides (such as DNA and RNA), or analogs of naturally-occurring nucleotides (e.g.,
enantiomeric forms of naturally-occurring nucleotides), or a combination of both. Modified
nucleotides can have alterations in sugar moieties and/or in pyrimidine or purine base
moieties. Sugar modifications include, for example, replacement of one or more hydroxyl

groups with halogens, alkyl groups, amines, and azido groups, or sugars can be
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functionalized as ethers or esters. Moreover, the entire sugar moiety can be replaced with
sterically and electronically similar structures, such as aza-sugars and carbocyclic sugar
analogs. Examples of modifications in a base moiety include alkylated purines and
pyrimidines, acylated purines or pyrimidines, or other well-known heterocyclic substitutes.
Nucleic acid monomers can be linked by phosphodiester bonds or analogs of such linkages.
Analogs of phosphodiester linkages include phosphorothioate, phosphorodithioate,
phosphoroselenoate, phosphorodiselenoate, phosphoroanilothioate, phosphoranilidate,
phosphoramidate, and the like. The term “nucleic acid molecule” also includes “peptide
nucleic acids,” which comprise naturally-occurring or modified nucleic acid bases attached to
a polyamide backbone. Nucleic acids can be either single stranded or double stranded.

[0075] A “vector” or “construct” is a nucleic acid used to introduce heterologous
nucleic acids into a cell that can also have regulatory elements to provide expression of the
heterologous nucleic acids in the cell. Vectors include but are not limited to plasmid,
minicircles, yeast, and viral genomes. In some alternatives, the vectors are plasmid,
minicircles, viral vectors, DNA or mRNA. In some alternatives, the vector is a lentiviral
vector or a retroviral vector. In some alternatives, the vector is a lentiviral vector.

[0076] “Vpx” as described herein, is a virion associated protein that is encoded
by HIV type 2 and in some simian immunodeficiency virus strains. Vpx can enhance HIV-2
replication in humans. Lentiviral vectors packaged with Vpx protein can led to an increase in
the infection of myeloid cells, when used in transfections. In some alternatives described
herein, the lentiviral vector is packaged with a Vpx protein.

[0077] “Vpr” protein as described herein refers to Viral Protein R, which is a
14kDa protein, which plays an important role in regulating nuclear import of the HIV-1 pre-
integration complex, and is required for virus replication in non-dividing cells. Non dividing
cells can include macrophages, for example. In some alternatives described herein, the
lentiviral vector can be packaged with a Vpr protein, or a Vpr protein portion thereof. In
some alternatives, the lentiviral vector is packaged with a viral accessory protein. In some
alternatives, the viral accessory protein is selected from the group consisting of Vif, Vpx,
Vpu, Nef and Vpr. These accessory proteins such as, for example vif, Vpx, vpu and nef
interact with cellular ligands to act as an adapter molecule to redirect the normal function of

host factors for virus-specific purposes. HIV accessory proteins are described in Strebel ef al.
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(“HIV Accessory Proteins versus Host Restriction Factors, Curr Opin Virol. 2013 Dec; 3(6):
10.1016/j.coviro.2013.08.004; incorporated by reference in its entirety herein).

[0078] “CRISPRs” (clustered regularly interspaced short palindromic repeats), as
described herein, are segments of prokaryotic DNA containing short repetitions of base
sequences. Each repetition 1s followed by short segments of "spacer DNA" from previous
exposures to a bacterial virus or plasmid. The CRISPR/Cas system is a prokaryotic immune
system that confers resistance to foreign genetic elements such as plasmids and phages and
provides a form of acquired immunity. CRISPR spacers recognize and cut these exogenous
genetic elements in a manner analogous to RNA1 in eukaryotic organisms. CRISPR/Cas
system has been used for gene editing (adding, disrupting or changing the sequence of
specific genes) and gene regulation in species throughout the tree of life. By delivering the
Cas9 protein and appropriate guide RNAs into a cell, the organism's genome can be cut at
any desired location. One can use CRISPR to build RNA-guided gene editing tools capable
of altering the genomes of entire populations. In some alternatives, a system for editing at
least one target gene in a cell is provided. In some alternatives described herein, a method of
making a genetically modified immune cell for modifying a tumor microenvironment (TME)
is provided, wherein the method comprises delivering a first vector to an immune cell,
wherein the first vector comprises a nucleic acid encoding a protein that induces T-cell
proliferation, promotes persistence and/or activation of endogenous or adoptively transferred
NK or T cells and/or induces production of an interleukin, an interferon, a PD-1checkpoint
binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some alternatives, the
protein is a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta,
or interferon gamma. In some alternatives, the method further comprises delivering to the
cell, a second vector, wherein the second vector comprises a nucleic acid encoding a Cas9
endonuclease and delivering to the cell a nucleic acid encoding a CRISPR guide RNA,
wherein the CRISPR guide RNA is complimentary to at least one target gene in in the cell,
and wherein said nucleic acid is present on the second vector or a third vector. In some
alternatives, the second vector is an mRNA. In some alternatives, the target gene in the cell
encodes TGF-beta or IL-10. In some alternatives, the target gene is PD-L1, TGF-beta, IL-10,
Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta,
and/or PGE.
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[0079] The CRISPR/Cas system has been used for gene editing (e.g., adding,
disrupting or changing the sequence of specific genes) and gene regulation in a variety of
species. “Cas9” as described herein, is an RNA-guided DNA endonuclease enzyme
associated with the CRISPR adaptive immunity system in bacteria. By delivering the Cas9
protein and appropriate guide RNAs into a cell, the organism's genome is cut at any desired
location. The basic components of CRISPR/Cas9 system comprise a target gene, a guide
RNA, and a Cas9 endonuclease, derivative, or fragment thereof. An important aspect of
applying CRISPR/Cas9 for gene editing is the need for a system to deliver the guide RNAs
efficiently to a wide variety of cell types. This could for example involve delivery of an in
vitro generated guide RNA as a nucleic acid (the guide RNA generated by in vitro
transcription or chemical synthesis). In some alternatives the nucleic acid encoding the guide
RNA is rendered nuclease resistant by incorporation of modified bases, such as 2’O-methyl
bases. Furthermore, an important system for expressing guide RNAs in this context is based
on the use of adeno-associated virus (AAV) vectors because AAV vectors are able to
transduce a wide range of primary cells. AAV vectors do not cause infection and are not
known to integrate into the genome. Therefore, the use of AAV vectors has the benefits of
being both safe and efficacious. In some alternatives, the vector is an AAV vector. In some
alternatives, the vector is a lentivector.

[0080] The CRISPR/Cas9 system can also be used as a modular protein effector
recruitment system that can be used for gene activation when coupled with transcriptional
activators. Cas9 can be genetically engineered as a fusion protein with a domain of a
transcriptional activator. Without being limiting, activation domains can comprise a single or
multiple domains from the transcriptional activator VP16, VP64 or a p65 activation domain,
for example. Thus, the Cas9 fusion can serve as an RNA guided DNA binding protein to
target any protein to any DNA sequence and provides a general platform for targeting
proteins to DNA. A Cas9 fusion protein can also be used to target enhancers, introns and
other noncoding elements to map the regulatory functions of these elements on transcription.
In some alternatives described herein, a method of making a genetically modified immune
cell for modifying a tumor microenvironment (TME) is provided, wherein the method
comprises delivering a first vector to an immune cell, wherein the first vector comprises a

nucleic acid encoding a protein that induces T-cell proliferation, promotes persistence and
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activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the method further comprises delivering to the cell, a fourth vector, wherein the
fourth vector encodes a Cas9 protein fused to a transcriptional activator domain to activate
transcription and translation of a second protein and delivering to the cell a fifth vector,
wherein the fifth vector comprises a CRISPR guide RNA complimentary to at least one
target gene in the cell. In some alternatives, the cell is a myeloid cell. In some alternatives,
the transcriptional activation domain comprises a VP16, VP64 or a p65 activation domain. In
some alternatives, the method further comprises delivering to the cell, a fourth vector,
wherein the fourth vector encodes a Cas9 VP64 fusion protein to activate transcription and
translation of a second protein and delivering to the cell a fifth vector, wherein the fifth
vector comprises a CRISPR guide RNA complimentary to at least one target gene in the cell.
In some alternatives, the fourth vector is an mRNA. In some alternatives, the mRNA is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
at least one target gene is an endogenous pro-inflammatory gene. In some alternatives, the
pro-inflammatory gene is IFN-gamma, IL-12 and/or IL-18. In some alternatives, IL-12 is
encoded by a sequence set forth in SEQ ID NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG

GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA

AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA

AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA

CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA

TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC

CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG

ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC

-50-



WO 2017/044487 PCT/US2016/050552

TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the second
protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-12, IL-18,
IL-23 or GM-CSF. In some alternatives the at least one target gene is an endogenous pro-
inflammatory gene. In some alternatives, the pro-inflammatory gene encodes IL-12p40, IL-
15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF.
[0081] Another factor for maximal protein selection is adaptation of codons of the
transcript gene to the typical codon usage of a host e.g. a human. In this aspect, many
synthetic genes can be designed to increase their protein expression level. The design process
of codon optimization can be to alter rare codons to codons known to increase maximum
protein expression efficiency. In some alternatives, codon selection is described, wherein
codon selection can be performed by using algorithms to create synthetic genetic transcripts
optimized for high protein yield. Programs containing alogorithms for codon optimization are

available and include e.g., OptimumGene™, and GeneGPS®. In some alternatives of the
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methods provided herein, the vectors provided for the methods are codon optimized for
expression in humans.

[0082] “Genetically modified immune cells” or “Genetically engineered cells” are
made by a process called genetic engineering, which can include but is not limited to
manipulating a cells own genome or inserting a new nucleic acid into a cell. In some
alternatives, these cells can be macrophages and can also be referred to as genetically
engineered macrophages (GEMs). These techniques can be used to change the genetic
makeup of the cell, and can include inserting a vector encoding a gene of interest into a cell,
and genome editing using RNAI1 systems, meganucleases, zinc finger nucleases, transcription
activator like effector nucleases (TALENS), or CRISPRs. Without being limiting, the vectors
encoding the gene of interest can be a viral vector, DNA or an mRNA. In some alternatives,
described herein, genetically modified immune cells are provided. In some alternatives, the
genetically modified immune cells are made using genome editing proteins or systems, such
as for example, meganucleases, zinc finger nucleases, transcription activator like effector
nucleases (TALENS), CRISPR/VP64-Cas9 systems or CRISPR/CAS9 systems. In some
alternatives, wherein the genetically modified immune cells are made using vectors, the
vectors are viral vectors, DNA or mRNA. In some alternatives, the T-cell is a genetically
modified T-cell. In some alternatives, the T-cell is genetically modified to express a chimeric
antigen receptor. In some alternatives the genetically modified T-cell is genetically modified
to express a chimeric antigen receptor (CAR) or T-cell receptor (Tcr). More alternatives
concern any one or more of the aforementioned genetically modified immune cells, alone or
in combination, for use as a medicament e.g., to treat or inhibit a cancer such as breast
cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer,
renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer,
neck cancer, sarcomas, neuroblastomas and ovarian cancer.

[0083] “Chimeric receptor” as used herein refers to a synthetically designed
receptor comprising a ligand binding domain of an antibody or other protein sequence that
binds to a molecule associated with the disease or disorder and is linked via a spacer domain
to one or more intracellular signaling domains of a T cell or other receptors, such as a
costimulatory domain. Chimeric receptor can also be referred to as artificial T cell receptors,

chimeric T cell receptors, chimeric immunoreceptors, and chimeric antigen receptors
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(CARs). These receptors can be used to graft the specificity of a monoclonal antibody or
binding fragment thereof onto a T-cell with transfer of their coding sequence facilitated by
viral vectors, such as a retroviral vector or a lentiviral vector. CARs are genetically
engineered T-cell receptors designed to redirect T-cells to target cells that express specific
cell-surface antigens. T-cells can be removed from a subject and modified so that they can
express receptors that can be specific for an antigen by a process called adoptive cell transfer.
The T-cells are reintroduced into the patient where they can then recognize and target an
antigen. These CARs are engineered receptors that can graft an arbitrary specificity onto an
immune receptor cell. The term chimeric antigen receptors or “CARs” are also considered by
some investigators to include the antibody or antibody fragment, the spacer, signaling
domain, and transmembrane region. Due to the surprising effects of modifying the different
components or domains of the CAR described herein, such as the epitope binding region (for
example, antibody fragment, scFv, or portion thereof), spacer, transmembrane domain, and/
or signaling domain), the components of the CAR are frequently distinguished throughout
this disclosure in terms of independent elements. The variation of the different elements of
the CAR can, for example, lead to stronger binding affinity for a specific epitope or antigen.
In some alternatives, the CARs provided herein comprise a T2A cleavage sequence. The
cleavage sequence is encoded by the sequence set forth in SEQ ID NO: 13
(Ggcggceggagagggcagaggaagtcttctaacatgeggteacgtggaggagaateccggecctagg).

[0084] “T-cell receptors” or Tcr is a molecule on the surface of a T lymphocyte
that is responsible for recognizing and binding antigens that are bound to major
histocompatibility complex molecules. In some alternatives, the genetically modified T-cell
expresses a Ter.

<<

[0085] “Suicide gene therapy,” “suicide genes” and “suicide gene systems” as
described herein, can refer to methods to destroy a cell through apoptosis, which requires a
suicide gene that will cause a cell to kill itself by apoptosis. Due to safety concerns for the
patients in need of using genetically modified immune cells for treatment or modification of
a tumor environment, strategies are being developed in order to prevent or abate adverse

events. Adverse effects of incorporation of genetically modified immune cells into a subject

for a pretreatment step can include “cytokine storms,” which is a cytokine release syndrome,
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wherein the infused T-cells release cytokines into the bloodstream, which can lead to
dangerously high fevers, as well as, a precipitous drop in blood pressure.

[0086] A “prodrug” as described herein, is a compound, formulation or a
medication that can be metabolized by the body in order to become a pharmacologically
active drug. Prodrugs are derivatives of drug molecules that can under an enzymatic and/or
chemical modification in vivo to release an active parent drug in order to exert a desired
pharmacological effect. As such, these inactive prodrugs become an activated form once they
are metabolized. Without being limiting, a prodrug can be used to improve how a medicine is
absorbed, distributed, metabolized, excreted, improve bioavailability of a drug, or improve
how selectively a drug can interact with cells or processes that are not its intended targets.

[0087] There are several types of prodrugs that are further defined depending on
how the body converts the prodrug into a final active form of drug. Type I prodrugs are
bioactivated within a cell (intracellularly) and Type II prodrugs are bioactivated outside of a
cell (extracellularly). Both of these types can also be further categorized into subtypes based
on factors such as whether the intracellular bioactivation location is also the site of the
therapeutic action or whether or not the bioactivation can occur in the gastrointestinal fluids
or in the circulatory system.

[0088] Using a prodrug in a cancer therapy is also described herein. During
cancer therapy, the main challenge is the destruction of cancer cells and malignant tumors or
tumor cells without the destruction of healthy host cells. This can be accomplished, for
example, by the use of a suicide gene. A suicide gene can be used to cause a cell to kill itself
by apoptosis. Two methods of using a suicide gene include gene-directed enzyme producing
therapy and virus directed enzyme prodrug therapy.

[0089] For gene-directed enzyme producing therapy, a gene is taken from a
cancer cell then modified with other genes to form enzymes that are harmless to healthy
cells. The foreign enzyme is then inserted into the tumor cells, where it can release a prodrug
that is harmless to healthy cells but causes harm in cancer cells. The modified suicide gene
can then convert the non-toxic prodrug into a cytotoxic substance.

[0090] In virus-directed enzyme prodrug therapy, a carrier can be used to deliver
the modified genes to the cancer cells. Without being limiting, the carrier can be a virus, such

as a herpes virus or a vector to deliver the modified gene.
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[0091] Suicide gene therapy can be used to increase the safety of the genetically
modified immune cells and manage the adverse events that can occur following infusion of
genetically modified immune cells. Pharmacologic therapies, suicide genes or novel
strategies are needed to limit the cytotoxic effect only to malignant cells. There are several
methods for suicide gene therapy. Without being limiting, methods can include gene-directed
enzyme producing therapy or virus directed enzyme prodrug therapy. For gene-directed
enzyme producing therapy (GDEPT), a gene is taken from the cancer cell and then modified
with other genes to form enzymes that are harmless to healthy cells. This foreign enzyme is
inserted into the tumor cells where it releases a prodrug, which is a small molecule harmless
to healthy cells, but destructive to cancerous cells. The modified suicide gene converts the
non-toxic prodrug into a cytotoxic substance. For virus directed enzyme prodrug therapy, a
virus, such as herpes simplex or cold virus, as the carrier, or vector, is used to deliver the
modified genes to the cancer cells. Suicide gene therapy is not necessarily expected to
completely eliminate the need for chemotherapy and radiation treatment for all cancerous
tumors. The damage inflicted upon the tumor cells, however, makes them more susceptible to
the chemotherapy or radiation. This approach has already proven effective against prostate
and bladder cancers. The application of suicide gene therapy is being expanded to several
other forms of cancer, as well. Cancer patients often experience depressed immune systems,
so they can suffer some side effects of the use of a virus as a delivery agent. Management of
adverse effects of genetically modified immune cells can be performed by expressing the
genetically modified immune cells under the control of a promoter. As previously described
in several reviews, genetically modified immune cells can further be genetically modified ex
vivo with a suicide gene. Without being limiting, the suicide gene can be a gene encoding for
a factor that is able to convert at a cellular level a non-toxic prodrug into a toxic compound.
During adverse effect that may follow infusion of genetically modified immune cells by
adoptive cell transfer, the prodrug can be administrated to the subject suffering from adverse
effects, and the prodrug can selectively eliminate suicide gene modified genetically modified
immune cells without interfering with the process of immune reconstitution operated by the
non-modified T-cells. Suicide systems using the herpes simplex thymidine kinase (Hsv-
tk)/ganciclovir (GCV) suicide system have been described. (Casucci ef al. 2011, Journal of

Cancer 2011, 2; hereby expressly incorporated by reference in its entirety). In some
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alternatives, a method of modifying a tumor microenvironment (TME) 1s provided, wherein
the method comprises delivering a first vector to an immune cell, wherein the first vector
comprises a nucleic acid encoding a protein that induces T-cell proliferation, promotes
persistence and activation of endogenous or adoptively transferred NK or T cells and/or
induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, the first vector further comprises a nucleic acid encoding a suicide gene
system. In some alternatives, the suicide gene system is a Herpes Simplex Virus Thymidine
Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system or an inducible Caspase suicide
gene system.

[0092] In some alternatives, the suicide gene system is an EGFRt suicide gene
system, wherein the patient is administered Erbitux as the prodrug. In some alternatives, the
subject is administered 0.04mg/cm” Erbitux a day. In some alternatives, wherein Erbitux is
the prodrug, 0.04mg/cm’ can be considered the initial dose and in some alternatives a weekly
dose of 0.025mg/ cm® of Erbitux is administered after the initial dose. In some alternatives,
wherein a rash develops on the patient, the weekly dose can go down to 0.03 mg/cm?, 0.02
mg/cm” or 0.01mg/ cm’, or any other dosage between any two of the aforementioned values
described. In some alternatives, the suicide gene system is a Her2tG suicide gene system,
wherein the patient is administered Herceptin as the prodrug. In some alternatives, the
subject is administered 2 mg/kg, 3 mg/kg or 4mg/kg Herceptin or any dosage between any
two of the aforementioned values described.

[0093] A “regulatory element” as described herein, can refer to a regulatory
sequence, which is any DNA sequence that is responsible for the regulation of gene
expression, such as promoters and operators. The regulatory element can be a segment of a
nucleic acid molecule, which is capable of increasing or decreasing the expression of specific
genes within an organism. In some alternatives described herein, the protein is under a
control of a regulatory element.

[0094] A “promoter” is a nucleotide sequence that directs the transcription of a
structural gene. In some alternatives, a promoter is located in the 5’ non-coding region of a

gene, proximal to the transcriptional start site of a structural gene. Sequence elements within
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promoters that function in the initiation of transcription are often characterized by consensus
nucleotide sequences. Without being limiting, these promoter elements can include RNA
polymerase binding sites, TATA sequences, CAAT sequences, differentiation-specific
elements (DSEs; McGehee er al., Mol. Endocrinol. 7:551 (1993); hereby expressly
incorporated by reference in its entirety), cyclic AMP response elements (CREs), serum
response elements (SREs; Treisman et al, Seminars in Cancer Biol. 1:47 (1990);
incorporated by reference in its entirety), glucocorticoid response elements (GREs), and
binding sites for other transcription factors, such as CRE/ATF (O'Reilly ez al., J. Biol. Chem.
267:19938 (1992); incorporated by reference in its entirety), AP2 (Ye et al., J. Biol. Chem.
269:25728 (1994); incorporated by reference in its entirety), SP1, cAMP response element
binding protein (CREB; Loeken er al., Gene Expr. 3:253 (1993); hereby expressly
incorporated by reference in its entirety) and octamer factors (see, in general, Watson et al.,
eds., Molecular Biology of the Gene, 4th ed. (The Benjamin/Cummings Publishing
Company, Inc. 1987; incorporated by reference in its entirety)), and Lemaigre and Rousseau,
Biochem. J. 303:1 (1994); incorporated by reference in its entirety). As used herein, a
promoter can be constitutively active, repressible or inducible. If a promoter is an inducible
promoter, then the rate of transcription increases in response to an inducing agent. In
contrast, the rate of transcription is not regulated by an inducing agent if the promoter is a
constitutive promoter. Repressible promoters are also known. In some alternatives described
herein, a method of making a genetically modified immune cell for modifying a tumor
microenvironment (TME) 1s provided, wherein the method comprises delivering a first vector
to an immune cell, wherein the first vector comprises a nucleic acid encoding a protein that
induces T-cell proliferation, promotes persistence and activation of endogenous or adoptively
transferred NK or T cells and/or induces production of an interleukin, an interferon, a PD-
Icheckpoint binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the nucleic acid encoding said
protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element

1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
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alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites.

[0095] In some alternatives, promoters used herein can be inducible or
constitutive promoters. Without being limiting, inducible promoters can include, for
example, a tamoxifen inducible promoter, tetracycline inducible promoter, or a doxocycline
inducible promoter (e.g. tre) promoter. Constitutive promoters can include, for example,
SV40, CMV, UBC, EFlalpha, PGK, or CAGG. In some alternatives, the regulatory element
is a promoter. In some alternatives, the promoter is a tamoxifen inducible promoter, a
tetracycline inducible promoter, or a doxocycline inducible promoter (e.g. tre) promoter. In
some alternatives provided herein, expression of a protein is induced by tamoxifen and/or its
metabolites. Metabolites for tamoxifen are active metabolites such as 4-hyroxytamoxifen
(afimoxifene) and N-desmethyl-4-hydroxytamoxifen (endoxifen), which can have 30-100
times more affinity with an estrogen receptor than tamoxifen itself. In some alternatives, the
tamoxifen metabolites are 4-hyroxytamoxifen (afimoxifene) and/or N-desmethyl-4-
hydroxytamoxifen (endoxifen).

[0096] “Immune cells” as described herein are cells of the immune system that
are involved in the protection of infectious disease and protection from cancer cells. In some
alternatives described herein, a method of making a genetically modified immune cell for
modifying a tumor microenvironment (TME) is provided, wherein the method comprising
delivering a first vector to an immune cell, wherein the first vector comprises a nucleic acid
encoding a protein that induces T-cell proliferation, promotes persistence and activation of
endogenous or adoptively transferred NK or T cells and/or induces production of an
interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a cytokine or
a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein
and interferon alpha, interferon beta, or interferon gamma. In some alternatives, the immune
cell is a myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some
alternatives, the myeloid cell is a microglial cell.

[0097] Cancer 1s associated with uncontrolled or dysregulated cell growth. Cancer
can present as malignant tumors or malignant neoplasmas having abnormal cell growth,
which can invade and spread to other parts of the body. In some alternatives described

herein, a method of modulating the suppression of the immune response in a tumor
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microenvironment of a subject in need thereof e.g., a human is provided, wherein the method
comprises administering any one or more of the genetically modified immune cells of any
one or more of the alternatives described herein to a subject in need thereof e.g., a human
and, optionally, selecting or identifying said subject to receive said genetically modified
immune cells and/or measuring a modulation of suppression of the immune response in the
tumor microenvironment of said subject after administration of said genetically modified
immune cells. In some alternatives, the tumor within the tumor environment is a glioma. In
some alternatives, the tumor is a glioblastoma. In some alternatives, the tumor is lung tumor.
In some alternatives, the tumor is a prostate tumor. In some alternatives, the tumor is a
stomach tumor. In some alternatives, the tumor is a breast tumor. In some alternatives, the
tumor 1s a colorectal tumor. In some alternatives, the tumor is a brain tumor.

[0098] “Natural killer cells” or NK cells are a type of cytotoxic lymphocyte
important to the innate immune system. The role NK cells play is analogous to that of
cytotoxic T cells in the vertebrate adaptive immune response. NK cells provide rapid
responses to viral-infected cells and respond to tumor formation. The function of NK cells 1s
important to the prevention of de novo tumor growth through a process known as immune
surveillance (Dunn ef al., Cancer immunoediting: from immunosurveillance to tumor escape.
Nat Immunol 3, 991-998 (2002);, Langers et al., Natural killer cells: role in local tumor
growth and metastasis. Biologics: targets & therapy 6, 73-82 (2012); both references
incorporated by reference in their entireties herein).

[0099] “Myeloid cells” can refer to a granulocyte or monocyte precursor cell in
bone marrow or spinal cord, or a resemblance to those found in the bone marrow or spinal
cord. The myeloid cell lineage includes circulating monocytic cells in the peripheral blood
and the cell populations that they become following maturation, differentiation, and/or
activation. These populations include non-terminally differentiated myeloid cells, myeloid
derived suppressor cells, and differentiated macrophages. Differentiated macrophages
include non-polarized and polarized macrophages, resting and activated macrophages.
Without being limiting, the myeloid lineage can also include granulocytic precursors,
polymorphonuclear derived suppressor cells, differentiated polymorphonuclear white blood

cells, neutrophils, granulocytes, basophils, eosinophils, monocytes, macrophages, microglia,
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myeloid derived suppressor cells, dendritic cells and erythrocytes. For example, microglia
can differentiate from myeloid progenitor cells.

[0100] “Microglial cells” as described herein are glial cells that are resident
macrophages of the brain and spinal cord, and thus act as the first and main form of active
immune defense in the central nervous system (CNS).

[0101] “Combination therapy” as described herein, refers to a therapy that uses
more than one medication or modality for a treatment. Combination therapy, for example can
also refer to multiple therapies to treat a single disease, and often all the therapies are
pharmaceutical product combinations. Combination therapy can also involve prescribing and
administering separate drugs in which the dosage can also have more than one active
ingredient. In some alternative, a combination therapy is provided. In some alternatives, the
combination therapy comprises administering a genetically modified immune cell for
modifying a tumor microenvironment. In some alternatives, the combination therapy
comprises administering a genetically modified immune cell for modulating the suppression
of the immune response in a tumor microenvironment. In some alternatives, the combination
therapy comprises administering a genetically modified immune cell for minimizing the
proliferation of tumor and suppressive cells in a subject in need thereof e.g. a human. In
some alternatives, the combination therapy comprises administering a genetically modified
immune cell for increasing the efficiency of an anti-cancer therapy, anti-infection therapy,
antibacterial therapy, anti-viral therapy, or anti-tumoral therapy in a subject in need thereof
e.g., a human. In some alternatives, the combination therapy further comprises administration
of an inhibitor. In some alternatives, the inhibitor is not an enzymatic inhibitor. In some
alternatives, the inhibitor is an enzymatic inhibitor. In some alternatives, the combination
therapy comprises administering a therapeutic dose of an inhibitor or an antibody or a
binding fragment thereof. These antibodies or binding fragments thereof can be humanized in
some alternatives. In some alternatives, the combination therapy can further comprise
administering a CAR bearing T-cell to a subject in need e.g., a human.

[0102] “Chemotherapeutic drugs” are category of anti-cancer medicaments that
can use, for example, chemical substances, such as anti-cancer drugs (chemotherapeutic
agents) that can be given as part of a standardized chemotherapy regimen. Chemotherapeutic

drugs can be given with a curative intent, or it can aim to prolong life or to reduce symptoms
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(palliative chemotherapy). Additional chemotherapies can also include hormonal therapy and
targeted therapy, as it is one of the major categories of medical oncology (pharmacotherapy
for cancer). These modalities are often used in conjunction with other cancer therapies, such
as radiation therapy, surgery, and/or hyperthermia therapy. In few cases, cancer has been
known to spread due to surgery. In some alternatives, a genetically modified immune cell is
administered to the tumor site prior to or after a surgical procedure.

[0103] Some newer anticancer drugs (for example, various monoclonal
antibodies, humanized versions thereof and binding fragments thereof) are not
indiscriminately cytotoxic, but rather target proteins that are abnormally expressed in cancer
cells and that are essential for their growth. Such treatments are often referred to as targeted
therapy (as distinct from classic chemotherapy) and are often used alongside traditional
chemotherapeutic agents in antineoplastic treatment regimens. In some alternatives, the
methods described herein can further comprise administering any one or more of these
targeted anti-cancer therapies (for example, various monoclonal antibodies, humanized
versions thereof and binding fragments thereof).

[0104] Chemotherapy, in which chemotherapeutic drugs are administered, can
use one drug at a time (single-agent chemotherapy) or several drugs at once (combination
chemotherapy or polychemotherapy). The combination of chemotherapy and radiotherapy is
chemoradiotherapy. Chemotherapy using drugs that convert to cytotoxic activity only upon
light exposure is called photochemotherapy or photodynamic therapy. In some alternatives of
administering the genetically modified immune cell described herein, the method can further
comprise administering to a subject having cancer, photochemotherapy or photodynamic
therapy after receiving the genetically modified immune cells or genetically engineered
macrophages (GEMs).

[0105] Chemotherapuetic drugs can include but are not limited to antibody-drug
conjugates (for example, an antibody attached to a drug by a linker), nanoparticles (for
example a nanoparticle can be 1-1000 nanometer sized particle for promoting tumor
selectivity and aid in delivering low-solubility drugs), electochemotherapy, alkylating agents,
antimetabolites (for example, 5-fluorouracil (5-FU), 6-mercaptopurine (6-MP), Capecitabine
(Xeloda®), Cladribine, Clofarabine, Cytarabine (Ara-C®), Floxuridine, Fludarabine,
Gemcitabine (Gemzar®), Hydroxyurea, Methotrexate, Pemetrexed (Alimta®), Pentostatin,
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and Thioguanine), anti-tumor antibiotics, topoisomerase inhibitors, mitotic inhibitors,
corticosteroids, DNA intercalating agents, or checkpoint inhibitors (for example checkpoint
kinases CHKI1, or CHK2). In some alternatives of the methods described herein, the
genetically modified immune cells or compositions comprising genetically modified immune
cells are administered in combination with one or more anti-cancer agents, such as any one or
more of the foregoing compounds or therapies. In some alternatives, the one or more anti-
cancer agent that is co-administered or administered in conjunction with the genetically
modified i1mmune cells, comprises antibody-drug conjugates, nanoparticles,
electrochemotherapy, alkylating agents, antimetabolites, anti-tumor antibiotics,
topoisomerase inhibitors, mitotic inhibitors, corticosteroids, DNA intercalating agents, or
checkpoint inhibitors. In some alternatives, the antimetabolites comprises 5-fluorouracil (5-
FU), 6-mercaptopurine (6-MP), Capecitabine (Xeloda®), Cladribine, Clofarabine,
Cytarabine (Ara-C®), Floxuridine, Fludarabine, Gemcitabine (Gemzar®), Hydroxyurea,
Methotrexate, Pemetrexed (Alimta®), Pentostatin, or Thioguanine.

[0106] “Checkpoint blockades” refers to a form of immunotherapy, meaning it
aims to help the patient's own immune system fight cancer. It can use substances such as
monoclonal antibodies or binding fragments thereof, which can be designed to target
extremely specific molecules on cell surfaces. For example, the antibodies unblock a reaction
that stops the immune system's natural attack on invading cancer cells. In another example, a
ligand-receptor interaction that has been investigated as a target for cancer treatment is the
interaction between the transmembrane programmed cell death 1 protein (PDCD1, PD-I;
also known as CD279) and its ligand, PD-1 ligand 1 (PD-L1, CD274). In normal physiology
PD-L1 on the surface of a cell binds to PD1 on the surface of an immune cell, which inhibits
the activity of the immune cell. It appears that upregulation of PD-L1 on the cancer cell
surface can allow them to evade the host immune system by inhibiting T cells that might
otherwise attack the tumor cell. Antibodies that bind to either PD-1 or PD-L1 and therefore
block the interaction can allow the T-cells to attack the tumor. In some alternatives, the
checkpoint blockade therapeutics comprises anti-PD-1 antibodies or binding fragments
thereof (e.g., monoclonal antibodies or humanized versions thereof or binding fragments
thereof). In some alternatives, the checkpoint blockade therapeutics comprises PD-L1. In

some alternatives, the one or more anti-cancer agents that is co-administered or administered
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in conjunction with the genetically modified immune cells or genetically engineered
macrophages (GEMs) comprises one or more of such checkpoint blockades.

[0107] “Small molecule inhibitors™ as described herein refers to small inhibitors
that can target proteins of interest. The proteins can be proteins that are secreted by tumor
cells or proteins secreted during cellular stress. Small molecule inhibitors can include but are
not limited to kinase inhibitors, inhibitors of Bcl-2 family proteins for cancer therapy, MCI-1
inhibitors, or tyrosine kinase inhibitors. Tyrosine kinase inhibitors can include but are not
limited to Imatinib mesylate (approved for chronic myelogenous leukemia, gastrointestinal
stromal tumor and some other types of cancer), Gefitinib (Iressa, also known as ZD1839);
targets the epidermal growth factor receptor (EGFR) tyrosine kinase) Erlotinib (marketed as
Tarceva), Sorafenib, Sunitinib (Sutent), Dasatinib (Srycel), Lapatinib (Tykerb), Nilotinib
(Tasigna), Bortezomib (Velcade), Janus kinase inhibitors, ALK inhibitors, crizotinib Bcl-2
inhibitors, obatoclax, navitoclax, gossypol, PARP inhibitors, Iniparib, Olaparib, PI3K
inhibitors, perifosine, Apatinib, VEGF Receptor 2 inhibitors, AN-152, Braf inhibitors,
vemurafenib, dabrafenib, LGX818, MEK inhibitors, trametinib, MEK162, CDK inhibitors,
PD-0332991, Hsp90 inhibitors, or salinomycin. In some alternatives, the one or more anti-
cancer agents that is co-administered or administered in conjunction with the genetically
modified immune cells or genetically engineered macrophages (GEMs) comprises one or
more of such small molecule inhibitors. In some alternatives, the small molecule inhibitors
that are used comprise kinase inhibitors. In some alternatives, the small molecule inhibitors
comprise inhibitors of Bcl-2 family proteins. In some alternatives, the small molecule
inhibitors comprise MCI-1 inhibitors. In some alternatives, the small molecule inhibitors
comprise tyrosine kinase inhibitors. In some alternatives, the small molecule inhibitor is
Imatinib. In some alternatives, the small molecule inhibitor is mesylate. In some alternatives,
the small molecule inhibitor is Gefitinib. In some alternatives, the small molecule inhibitor is
Erlotinib. In some alternatives, the small molecule inhibitor is Sorafenib. In some
alternatives, the small molecule inhibitor 1s Sunitinib (Sutent). In some alternatives, the small
molecule inhibitor i1s Dasatinib. In some alternatives, the small molecule inhibitor is
Lapatinib (Tykerb). In some alternatives, the small molecule inhibitor is Nilotinib (Tasigna).
In some alternatives, the small molecule inhibitor is Bortezomib (Velcade). In some

alternatives, the small molecule inhibitors are Janus kinase inhibitors. In some alternatives,
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the small molecule inhibitor 1s an ALK inhibitor. In some alternatives, the small molecule
inhibitor is crizotinib. In some alternatives, the small molecule inhibitors are B¢l-2 inhibitors.
In some alternatives, the small molecule inhibitor is obatoclax. In some alternatives, the
small molecule inhibitor is navitoclax. In some alternatives, the small molecule inhibitor is
gossypol. In some alternatives, the small molecule inhibitors are PARP inhibitors. In some
alternatives, the small molecule inhibitor is Iniparib. In some alternatives, the small molecule
inhibitor 1s Olaparib. In some alternatives, the small molecule inhibitor is PI3K inhibitors. In
some alternatives, the small molecule inhibitor is perifosine. In some alternatives, the small
molecule inhibitor is Apatinib. In some alternatives, the small molecule inhibitors are
tyrosine VEGF Receptor 2 inhibitors. In some alternatives, the small molecule inhibitor is
AN-152. In some alternatives, the small molecule inhibitors are Braf inhibitors. In some
alternatives, the small molecule inhibitor is vemurafenib. In some alternatives, the small
molecule inhibitor is dabrafenib. In some alternatives, the small molecule inhibitor is
LGX818. In some alternatives, the small molecule inhibitors are MEK inhibitors. In some
alternatives, the small molecule inhibitor i1s trametinib. In some alternatives, the small
molecule inhibitor is MEK162. In some alternatives, the small molecule inhibitors are CDK
inhibitors. In some alternatives, the small molecule inhibitor is PD-0332991. In some
alternatives, the small molecule inhibitors are Hsp90 inhibitors. In some alternatives, the
small molecule inhibitor is salinomycin.

[0108] In some alternatives, of the methods provided herein, the method further
comprises administering in combination or conjunction with the genetically modified
immune cells or genetically engineered macrophages (GEMs), immunotherapy treatments,
wherein the immunotherapy treatments modulate immune cells, wherein the treatments or
therapies comprise at least one of checkpoint blockades, small molecule inhibitors, and/or
adoptive cellular therapies. In some alternatives, the immunotherapy treatments modulate
immune cells, wherein the treatments or therapies comprise at least one of checkpoint
blockades, small molecule inhibitors, and/or adoptive cellular therapies. In some alternatives,
the checkpoint blockade therapeutics comprises anti-PD-1 antibodies or binding fragments
thereof. In some alternatives, the checkpoint blockade therapeutics comprises PD-L1. In
some alternatives, the genetically modified immune cells can be combined with adoptive

cellular therapy. In some alternatives, adoptive cellular therapy comprises administering T
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cells comprising chimeric antigen receptors. In some alternatives, the adoptive cellular
therapies comprise administering T-cells comprising chimeric antigen receptors. In some
alternatives, the chimeric antigen receptors target epitopes on tumors. In some alternatives,
the adoptive cellular therapies comprise administering T cells comprising specific Tcrs. In
some alternatives, the small molecule inhibitors are kinase inhibitors. In some alternatives,
the small molecules are Chkl, 2 inhibitors. In some alternatives, the small molecule
inhibitors comprise inhibitors of Bcl-2 family proteins. In some alternatives, the small
molecule inhibitors comprise MCI-1 inhibitors. In some alternatives, the small molecule
inhibitors comprise tyrosine kinase inhibitors. In some alternatives, the small molecule
inhibitor 1s Imatinib. In some alternatives, the small molecule inhibitor is mesylate. In some
alternatives, the small molecule inhibitor is Gefitinib. In some alternatives, the small
molecule inhibitor 1s Erlotinib. In some alternatives, the small molecule inhibitor is
Sorafenib. In some alternatives, the small molecule inhibitor is Sunitinib (Sutent). In some
alternatives, the small molecule inhibitor is Dasatinib. In some alternatives, the small
molecule inhibitor i1s Lapatinib (Tykerb). In some alternatives, the small molecule inhibitor 1s
Nilotinib (Tasigna). In some alternatives, the small molecule inhibitor is Bortezomib
(Velcade). In some alternatives, the small molecule inhibitors are Janus kinase inhibitors. In
some alternatives, the small molecule inhibitor is an ALK inhibitor. In some alternatives, the
small molecule inhibitor 1s crizotinib. In some alternatives, the small molecule inhibitors are
Bcl-2 inhibitors. In some alternatives, the small molecule inhibitor is obatoclax. In some
alternatives, the small molecule inhibitor is navitoclax. In some alternatives, the small
molecule inhibitor is gossypol. In some alternatives, the small molecule inhibitors are PARP
inhibitors. In some alternatives, the small molecule inhibitor is Iniparib. In some alternatives,
the small molecule inhibitor is Olaparib. In some alternatives, the small molecule inhibitor 1s
PI3K inhibitors. In some alternatives, the small molecule inhibitor is perifosine. In some
alternatives, the small molecule inhibitor is Apatinib. In some alternatives, the small
molecule inhibitors are tyrosine VEGF Receptor 2 inhibitors. In some alternatives, the small
molecule inhibitor is AN-152. In some alternatives, the small molecule inhibitors are Braf
inhibitors. In some alternatives, the small molecule inhibitor is vemurafenib. In some
alternatives, the small molecule inhibitor is dabrafenib. In some alternatives, the small

molecule inhibitor is LGX818. In some alternatives, the small molecule inhibitors are MEK
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inhibitors. In some alternatives, the small molecule inhibitor is trametinib. In some
alternatives, the small molecule inhibitor is MEK162. In some alternatives, the small
molecule inhibitors are CDK inhibitors. In some alternatives, the small molecule inhibitor is
PD-0332991. In some alternatives, the small molecule inhibitors are Hsp90 inhibitors. In
some alternatives, the small molecule inhibitor is salinomycin.

[0109] Small inhibitors can also include serine/threonine kinase inhibitors.
Without being limiting, examples include Temsirolimus (Torisel), Everolimus (Afinitor),
Vemurafenib (Zelboraf), Trametinib (Mekinist) or Dabrafenib (Tafinlar). In some
alternatives, the small molecule inhibitor is Temsirolimus (Torisel). In some alternatives, the
small molecule inhibitor is Everolimus (Afinitor). In some alternatives, the small molecule
inhibitor 1s Vemurafenib (Zelboraf). In some alternatives, the small molecule inhibitor 1s
Trametinib (Mekinist). In some alternatives, the small molecule inhibitor is Dabrafenib
(Tafinlar).

[0110] In some alternatives of the methods provided herein, particularly in
combination or in conjunction with treatments or therapies predicated on the activation of
immune cells, the genetically modified immune cells or genetically engineered macrophages
(GEMs), can be administered with checkpoint blockades, small molecule inhibitors, and/or
adoptive cellular therapies, such as anti-CTLA-4 antibodies or binding fragments thereof,
anti-PD1 antibodies or binding fragments thereof, anti-PD-L1 antibodies or binding
fragments thereof, Chk1,2 inhibitors, CAR's, or TCR's. In some alternatives, the small
molecule inhibitor 1s Temsirolimus (Torisel). In some alternatives, the small molecule
inhibitor i1s Everolimus (Afinitor). In some alternatives, the small molecule inhibitor is
Vemurafenib (Zelboraf). In some alternatives, the small molecule inhibitor 1s Trametinib
(Mekinist). In some alternatives, the small molecule inhibitor is Dabrafenib (Tafinlar). In
some alternatives, the small molecule inhibitors are kinase inhibitors. In some alternatives,
the small molecules are Chkl, 2 inhibitors. In some alternatives, the small molecule
inhibitors comprise inhibitors of Bcl-2 family proteins. In some alternatives, the small
molecule inhibitors comprise MCI-1 inhibitors. In some alternatives, the small molecule
inhibitors comprise tyrosine kinase inhibitors. In some alternatives, the small molecule
inhibitor 1s Imatinib. In some alternatives, the small molecule inhibitor is mesylate. In some

alternatives, the small molecule inhibitor is Gefitinib. In some alternatives, the small
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molecule inhibitor 1s Erlotinib. In some alternatives, the small molecule inhibitor is
Sorafenib. In some alternatives, the small molecule inhibitor is Sunitinib (Sutent). In some
alternatives, the small molecule inhibitor is Dasatinib. In some alternatives, the small
molecule inhibitor i1s Lapatinib (Tykerb). In some alternatives, the small molecule inhibitor 1s
Nilotinib (Tasigna). In some alternatives, the small molecule inhibitor is Bortezomib
(Velcade). In some alternatives, the small molecule inhibitors are Janus kinase inhibitors. In
some alternatives, the small molecule inhibitor is an ALK inhibitor. In some alternatives, the
small molecule inhibitor 1s crizotinib. In some alternatives, the small molecule inhibitors are
Bcl-2 inhibitors. In some alternatives, the small molecule inhibitor 1s obatoclax. In some
alternatives, the small molecule inhibitor is navitoclax. In some alternatives, the small
molecule inhibitor is gossypol. In some alternatives, the small molecule inhibitors are PARP
inhibitors. In some alternatives, the small molecule inhibitor is Iniparib. In some alternatives,
the small molecule inhibitor is Olaparib. In some alternatives, the small molecule inhibitors
are PI3K inhibitors. In some alternatives, the small molecule inhibitor is perifosine. In some
alternatives, the small molecule inhibitor is Apatinib. In some alternatives, the small
molecule inhibitors are tyrosine VEGF Receptor 2 inhibitors. In some alternatives, the small
molecule inhibitor is AN-152. In some alternatives, the small molecule inhibitors are Braf
inhibitors. In some alternatives, the small molecule inhibitor is vemurafenib. In some
alternatives, the small molecule inhibitor is dabrafenib. In some alternatives, the small
molecule inhibitor is LGX818. In some alternatives, the small molecule inhibitors are MEK
inhibitors. In some alternatives, the small molecule inhibitor is trametinib. In some
alternatives, the small molecule inhibitor is MEK162. In some alternatives, the small
molecule inhibitors are CDK inhibitors. In some alternatives, the small molecule inhibitor is
PD-0332991. In some alternatives, the small molecule inhibitors are Hsp90 inhibitors. In
some alternatives, the small molecule inhibitor is salinomycin. In some alternatives, the
methods described herein further comprise adoptive cellular therapies, wherein the adoptive
cellular therapies comprise administering T cells comprising chimeric antigen receptors

(CARs). In some alternatives, the CARs are engineered to bind to an epitope on a tumor cell.

DETAILED DESCRIPTION
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[0111] Although the invention is described in various exemplary alternatives and
implementations as provided herein, it should be understood that the various features,
aspects, and functionality described in one or more of the individual alternatives are not
limited in their applicability to the particular alternative with which they are described.
Instead, they can be applied alone or in various combinations to one or more of the other
alternatives of the invention, whether the alternatives are described or whether the features
are presented as being a part of the described alternative. The breadth and scope of the
present invention should not be limited by any exemplary alternatives described or shown
herein.

[0112] Aspects of the present invention relate to methods, genetically modified
immune cells and compositions for modifying the tumor environment. In particular, methods,
cells and compositions for modifying the tumor environment comprise immune cells that can
encode a protein that induces T-cell proliferation, promotes persistence and activation of
endogenous or adoptively transferred NK or T cells and/or induces production of an
interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a cytokine or
a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein
and interferon alpha, interferon beta, or interferon gamma.

[0113] The immune response has an important role in cancer, for identification
and elimination of tumors. For example, transformed cells of tumors can express antigens
that are not found on normal cells. To the immune system, these antigens appear foreign, and
their presence causes immune cells to attack the transformed tumor cells. The antigens
expressed by tumors have several sources, for example, some are derived from oncogenic
viruses like human papillomavirus, which can cause cervical cancer, while in other examples,
the organisms own proteins that occur at low levels in normal cells can reach high levels in
tumor cells. One example is an enzyme called tyrosinase that, when expressed at high levels,
transforms certain skin cells (e.g. melanocytes) into tumors called melanomas. A third
possible source of tumor antigens are proteins normally important for regulating cell growth
and survival, that commonly mutate into cancer inducing molecules called oncogenes.

[0114] The main response of the immune system to tumors is to destroy the
abnormal cells using killer T cells, sometimes with the assistance of helper T cells. Tumor

antigens are presented on MHC class I molecules in a similar way to viral antigens. This
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allows killer T cells to recognize the tumor cell as abnormal. NK cells also kill tumorous
cells in a similar way, especially if the tumor cells have fewer MHC class I molecules on
their surface than normal; this is a common phenomenon with tumors. Sometimes antibodies
are generated against tumor cells allowing for their destruction by the complement system.

[0115] In the alternatives described herein, there are several novel approaches to
genetically engineer pro-inflammatory macrophages for allogeneic transplantation into the
brain. The transplanted macrophages then transform the tumor microenvironment (TME),
including reverting the immunosuppressive myeloid cell phenotype. It is expected that these
genetically engineered macrophages (GEMs) will support cytotoxic immune function and
support effective CAR T-cell immunotherapy in brain and other solid tumors.

[0116] The alternatives described herein utilize novel genetically modified
macrophage (GEM) technology to develop a broadly applicable therapy that will modulate or
inhibit the suppression of an anti-tumor immune response in patients with solid tumors
and/or promote or enhance the anti-tumor response, as well as those with metastatic or
inoperable disease, chronic viral infections, or autoimmunity, and encompasses a new use
and one or more new products. It is anticipated that these alternatives can be used as a stand-
alone therapy or as an adjuvant or “pre-conditioning step” to modify and modulate local
immune suppression and set the stage for further response and addition therapy.

[0117] In some alternatives, wherein a subject suffers from autoimmune
disorders, genetically modified myeloid cells are used to modulate the immune response to
reduce or inhibit the autoimmune response.

[0118] The alternatives described herein encompasses a novel approach to modify
the TME by adoptively transferring macrophages engineered to express factors that enhance
T-cell proliferation and function, and/or minimize the proliferation of tumor and suppressive
cells. Primary human monocytes and macrophages are notoriously resistant to genetic
engineering. However, using a myeloid cell-specific lentivirus packaging system, primary
human monocytes isolated from peripheral blood, and monocyte-derived macrophages can
be infected. The alternatives described herein have demonstrated stable gene integration and
robust, stable expression from these vectors. Additionally, in the alternatives described

herein, the GEMs have persisted in the TME.
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[0119] Although the current practice uses lentiviral vectors to generate GEMs,
alternatives of the GEMS can be generated by a variety of gene transfer methods, including
direct delivery of mRNA. Furthermore, although the current iteration encompasses GBM
tumors, it is not restricted to GBM or any specific cancer and would likely be beneficial for
any condition in which modulation of immune responses is a barrier to treatment.

[0120] Treatment options for patients with GBM lag far behind other cancers:
few drugs have shown efficacy and standard of care treatment (surgical resection followed by
radiation and temozolomide chemotherapy) has changed little in several decades, indicating
the urgent need for new approaches to treat patients with GBM. Previous cellular
immunotherapy approaches for GBM have been largely ineffective, due in large part to the
immunosuppressive TME. One of the defining characteristics of GBM and other high-grade
gliomas is a massive infiltration of regulatory myeloid cells that have a tumor-promoting,
anti-inflammatory phenotype.

[0121] In some alternatives, GEMs to overcome local immune suppression in the
TME are provided. The recent development of a lentivirus capable of infecting myeloid cells
provides a unique opportunity to engineer GEMs in which a construct is stably integrated and
results in robust, stable protein expression. Embodiments described herein use several
approaches to modify gene expression in these GEMS. In one approach, GEMs are
engineered to provide a local source of small molecules and proteins that enhance NK cell
and T-cell proliferation and function. Examples of these include IL-7, IL-15, IL-2, IL-12, IL-
21, type 1 interferons (alpha and beta), PD-1 checkpoint blockade, or a variety of cytokines
or chemokines produced in response to TLR-mediated activation using the HMGB1 B box
domain, or an endogenous constitutively active MyD88 signal (Medzhitov MTA). Another
approach utilizes Cas9/CRISPR-mediated gene editing to delete immune suppressive genes,
such as TGF-beta and IL-10, making GEMs resistant to polarization once injected. Likewise,
the Cas9/CRISPR system has been utilized to achieve constitutive or inducible expression of
endogenous pro-inflammatory genes to support macrophage, NK cell and T-cell functions
and/or inhibition of tumor cell growth. Examples of the genes targeted include IFN-gamma,
IL-12 and IL-18 using a VP64 transactivating Cas9/CRISPR vector.

[0122] The alternatives described herein can be used to develop a catalog of

vectors for establishing GEMs that allow for modification of cells as needed. In the
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alternatives described herein, there are currently developed ~10 vectors but by utilizing the
approaches described herein many more can be developed.

[0123] In some alternatives described herein, data have been generated that
demonstrate that these GEMs infiltrate tumor, persist, and stably produce transgenes in an
intracranial model of GBM. Furthermore, in some alternatives it has been demonstrated that
these GEMs exhibit a stable pro-inflammatory cytokine profile after genetic manipulation,
providing evidence that GEMs are an i1deal vehicle for restructuring the TEM to support anti-
tumor immune responses.

[0124] The alternatives described herein will be utilized as a stand-alone therapy
or as an adjunct to other cancer therapies or immunotherapies so as to modulate the
suppression of the immune response in the tumor microenvironment. As such, these
alternatives can be used in combination or in conjunction with a multitude of cellular
immune therapies including, but not limited to, CAR T-cell therapy, antibodies or binding
fragments thereof, small molecules, tetanus toxin, heat shock protein-peptide complexes, or
oncolytic polio virus.

[0125] In some embodiments, the therapy utilizes autologous cells and direct
injection into tumor beds, however, in other alternatives allogeneic cells and LV.
administration is utilized. Tumor beds, as described herein, refer to the vascular and stromal
tissue that surrounds a cancerous tumor and provides it with oxygen, growth factors, and
nutrients. Accordingly, the utility of embodiments of the invention includes non-surgically
addressed tumors and other immune suppressive conditions and aspects described herein
provide off-the-shelf, ready to administer, allogeneic macrophage products tailored to
specific conditions, which support other forms of immunotherapy. In some alternatives of the
methods described herein, the genetically modified cells or compositions are injected directly
into the tumor beds. In some alternatives, 1x10° — 2x10’ genetically modified cells are
injected into a tumor bed. In some alternatives, 1 x10°, 2 x10°, 3 x10°, 4 x10°, 5 x10°, 6 x10°,
7x10°, 8x10°,9x10°, 1 x10°%, 2 x10%, 3 x10%, 4 x10%, 5 x10%, 6 x10°%, 7 x10%, 8 x10°, 9x10°, 1
x107,2 x107, * x107, * x107, °> x107, 6 x107, or 7 x10” genetically modified cells or any other
amount between any two aforementioned values are injected into a tumor bed. In some

alternatives, the genetically modified cells or compositions are injected withina 1, 2, 5, 10,
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20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190 or 200 mm
radius of the tumor bed, or any other radius between any two aforementioned values.

[0126] Use of these GEMs described in the alternatives herein provides
considerable therapeutic benefit through restoration of critical immune functions, such as T-
cell or NK cell cytotoxicity and cytokine production, myeloid cell function in the tumor
microenvironment and tumor cell growth and modification of the tumor microenvironment.
Treating patients with genetically modified macrophages, either as a stand-alone therapeutic
or as an adjuvant or adjunct therapy with other immunotherapies, can improve overall

survival and such embodiments are described herein.

Methods for making a genetically modified immune cell for modifying a tumor
microenvironment (TME) of a tumor
[0127] Described herein are methods for making a genetically modified immune

cell for modifying a tumor microenvironment (TME). The tumor microenvironment can
comprise a tumor. The method can include delivering a first vector to an immune cell,
wherein the first vector comprises a nucleic acid encoding a protein that induces T-cell
proliferation, promotes persistence and/or activation of endogenous or adoptively transferred
NK or T cells and/or induces production of an interleukin, an interferon, a PD-1checkpoint
binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some alternatives, the
protein is a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta,
or interferon gamma. In some alternatives, the first vector is a viral vector. In some
alternatives, the viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is
packaged with a Vpx protein. In some alternatives, the protein supports or promotes T-cell
and/or NK-cell anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6,
IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives, the protein comprises interferon
alpha, beta, or gamma. In some alternatives, the protein comprises a PD-1 checkpoint
binding inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1
protein or active fragment thereof, and wherein binding of the PD-L1 protein or active
fragment thereof does not cause an agonist signal upon binding PD-1. In some alternatives,
the protein comprises a PD-1 protein fragment, wherein the PD-1 protein fragment binds PD-
L1 or PD-L2 expressed by tumor cells and/or associated macrophages, and wherein binding

of the PD-1 protein fragment to PD-L1 or PD-L2 does not cause an agonist signal upon
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binding. In some alternatives, the PD-L1 protein fragment comprises amino acids 62-136 of
PD-L1
(KNIIQFVHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLQDAGVYRCMIS
YGGADYKRITVKVNAPYNKI (SEQ ID NO: 7)). In some alternatives, the protein is a
fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon
gamma. In some alternatives, the protein is a T-cell or NK-cell chemokine. In some
alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCLS5, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLI11,
CXCL12, CXCL13 or CXCL15. In some alternatives, the immune cell is selected from the
group consisting of a macrophage, allogeneic cell, myeloid cell and a monocyte. In some
alternatives, the immune cell is a T-cell. In some alternatives, the immune cell is an NK cell.
In some alternatives, the immune cell is a genetically modified NK cell. In some alternatives,
the T cell is a genetically modified T-cell, genetically modified to express a chimeric antigen
receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a myeloid
cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid
cell 1s a microglial cell. In some alternatives, the tumor is a glioma. In some alternatives, the
tumor is a glioblastoma. In some alternatives, the method further comprises delivering to the
immune cell, a second vector, wherein the second vector comprises a nucleic acid encoding a
Cas9 endonuclease and delivering to the immune cell a nucleic acid encoding a CRISPR
guide RNA, wherein the CRISPR guide RNA is complimentary to at least one target gene in
in the cell, and wherein said nucleic acid can be present on the second vector or a third
vector. In some alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is
codon optimized for expression in a eukaryotic cell, such as a human cell. In some
alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE,
CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the
method further comprises delivering to the immune cell, a fourth vector, wherein the fourth
vector encodes a Cas9 VP64 fusion protein to activate transcription and translation of a
second protein and delivering to the immune cell a fifth vector, wherein the fifth vector

comprises a CRISPR guide RNA complimentary to at least one target gene in the cell. In

-73-



WO 2017/044487 PCT/US2016/050552

some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-
alpha/beta/gamma, IL.-12, IL-18, IL-23 or GM-CSF. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the at least one target gene is an endogenous
pro-inflammatory gene. In some alternatives, the pro-inflammatory gene encodes IL-12p40,
IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF.
In some alternatives, the first vector further comprises a nucleic acid encoding a suicide gene
system. In some alternatives, the suicide gene system is a Herpes Simplex Virus Thymidine
Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system or an inducible Caspase suicide
gene system. In some alternatives, the nucleic acid encoding said protein is under the control
of a regulatory element. In some alternatives, the regulatory element is a promoter that is
inducible by a drug. In some alternatives, the regulatory element is a promoter that is
inducible by a steroid, such as a ligand for the estrogen receptor. In some alternatives, the
regulatory element is a promoter inducible by tamoxifen and/or its metabolites. In some
alternatives, the method further comprises differentiating the immune cells. In some
alternatives, the immune cells are differentiated to a pro-inflammatory phenotype by
culturing the cells with granulocyte macrophage colony stimulating factor. In some
alternatives, the cells are differentiated to an anti-inflammatory phenotype by culturing the

cells with a macrophage colony stimulating factor.

Cells _expressing a protein that induces T-cell proliferation, promotes persistence and
activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin. an interferon. a PD-1checkpoint binding protein. HMGB1, MyDR88. a
cytokine or chemokine.

[0128] In accordance with some preferred alternatives, there are genetically

modified immune cells provided, wherein the cells comprise a nucleic acid encoding a
protein that induces T-cell proliferation, promotes persistence and activation of endogenous
or adoptively transferred NK or T cells and/or induces production of an interleukin, an
interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a cytokine or a chemokine.
In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein and
interferon alpha, interferon beta, or interferon gamma. In some alternatives, a genetically
modified immune cell comprising a first vector is provided. The first vector can comprise a

nucleic acid encoding a protein that induces T-cell proliferation, promotes persistence and
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activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, there are methods provided of making the genetically modified immune cell for
modifying a tumor microenvironment (TME). In some alternatives, the method comprises
delivering a first vector to an immune cell, wherein the first vector comprises a nucleic acid
encoding a protein that induces T-cell proliferation, promotes persistence and activation of
endogenous or adoptively transferred NK or T cells and/or induces production of an
interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a cytokine or
a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein
and interferon alpha, interferon beta, or interferon gamma.

[0129] In some alternatives, the immune cell is a T-cell. In some alternatives, the
immune cell is an NK cell. In some alternatives, the immune cell is a genetically modified
NK cell. In some alternatives, the immune cell is a modified T-cell. In some alternatives, the
immune cell is genetically modified to express a chimeric antigen receptor (CAR) or T-cell
receptor (Tcr). In some alternatives, the cell is selected from the group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cell 1s a myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some
alternatives, the myeloid cell is a microglial cell. In some alternatives, the first vector is a
viral vector. In some alternatives, the viral vector is a lentiviral vector. In some alternatives,
the lentiviral vector is packaged with a Vpx protein. In some alternatives, the protein
supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives, the
protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives,
IL-15 i1s encoded by a sequence set forth in SEQ ID NO: 35
(GCCACCATGGCACTTCCAGTCACAGCGCTTCTTCTGCCTTTGGCACTGCTTCTCC
ACGCAGCACGCCCAAACTGGGTCAATGTAATCAGCGACCTGAAGAAGATTGAAG
ACCTGATTCAATCAATGCACATAGACGCTACGTTGTACACCGAATCAGATGTTCA
TCCTAGCTGTAAAGTCACCGCAATGAAATGTTTTTTGCTGGAGCTTCAAGTTATA
TCCCTTGAGTCTGGGGACGCATCTATACATGACACAGTTGAGAATTTGATCATAT
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TGGCAAACAATAGCTTGTCTTCCAACGGTAATGTCACAGAGTCCGGTTGTAAAG

AGTGTGAGGAACTTGAAGAGAAAAACATTAAAGAATTTCTCCAGAGTTTCGTAC

ATATTGTACAAATGTTCATAAATACTTCTATCTATATCTGGGCTCCTCTCGCCGGA
ACCTGTGGCGTTCTGCTGCTGTCTTTGGTGATTACAGGAAGTGGAGCCACAAATT
TCAGTCTGCTTAAACAGGCAGGGGATGTGGAGGAGAACCCCGGCCCAATGCGAA
TTTCAAAACCACATCTTAGATCAATCAGCATACAGTGTTATCTTTGTCTGCTGCTC
AACAGCCATTTCTTGACTGAAGCCAACTGGGTCAACGTAATTTCTGATCTTAAAA
AAATCGAGGATCTGATCCAGAGTATGCACATAGACGCAACGCTTTACACCGAAA
GTGATGTCCATCCGTCATGTAAAGTAACGGCGATGAAGTGTTTCCTTCTCGAGCT

TCAGGTAATTTCATTGGAGTCTGGAGATGCCTCTATTCATGACACGGTAGAGAAT
TTGATCATTCTCGCTAACAATAGTCTTTCCAGTAACGGTAACGTTACAGAGAGCG
GATGTAAAGAATGTGAGGAATTGGAGGAGAAGAACATTAAGGAATTCCTTCAGT
CCTTTGTCCACATCGTTCAGATGTTTATTAACACGAGTTGA). In some alternatives,
the protein comprises interferon alpha, beta, or gamma. In some alternatives, the protein
comprises a PD-1 checkpoint binding inhibitor. In some alternatives, the PD-1 checkpoint
binding inhibitor is a PD-L1 protein or an active fragment thereof, and wherein binding of
the PD-L1 protein or active fragment thereof does not cause an agonist signal upon binding
PD-1. In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein binds PD-L1 or PD-L2 expressed by tumor cells and/or associated macrophages, and
wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does not cause an agonist
signal upon binding. In some alternatives, the PD-L1 protein fragment comprises amino acids
62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the protein is a T-cell or NK-cell chemokine. In some alternatives, the
chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8/MCP-2, CCL11,
CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26,
CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-
2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or
CXCL15. In some alternatives, the genetically modified immune cell further comprises a
second vector, wherein the second vector comprises a nucleic acid encoding a Cas9

endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein the CRISPR guide
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RNA is complimentary to at least one target gene in the immune cell, and wherein said
nucleic acid is present on the second vector or a third vector. In some alternatives, the second
vector is an mRNA. In some alternatives, the Cas9 is codon optimized for expression in a
eukaryotic cell, such as a human cell. In some alternatives, the target gene is PD-L1, TGF-
beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives the genetically modified immune cell further
comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion protein to
activate transcription and translation of a second protein and a fifth vector, wherein the fifth
vector comprises a CRISPR guide RNA complimentary to at least one target gene in the cell.
In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-
alpha/beta/gamma, IL.-12, IL-18, IL-23 or GM-CSF. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the at least one target gene is an endogenous
pro-inflammatory gene. In some alternatives, the at least one target gene encodes for TGF-
beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic acid
encoding a suicide gene system. In some alternatives, the suicide gene system is a Herpes
Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system or an
inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding said
protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the immune cells are differentiated. In some alternatives,
the immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells
with granulocyte macrophage colony stimulating factor. In some alternatives, the immune
cells are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.

[0130] In some alternatives, the first vector is a viral vector. In some alternatives,
the viral vector is a retroviral vector or a lentiviral vector. In some alternatives, the lentiviral

vector 1s packaged with a Vpx protein. In some alternatives, the lentiviral vector packaged
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with the Vpx protein is used to provide efficient transfection of myeloid cells. In some
alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In
some alternatives, the protein comprises interferon alpha, beta, or gamma. In some
alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives,
the protein is a T-cell or NK-cell chemokine. In some alternatives, the chemokine comprises
CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8, CCL11, CCL13, CCL17, CCL22,
CCL24, or CCL26. In some alternatives, the T-cell is a genetically modified T-cell. In some
alternatives, the genetically modified T-cell is genetically modified to express a chimeric
antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a
myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the
myeloid cell is a microglial cell. In some alternatives, the tumor is a glioma. In some
alternatives, the tumor is a glioblastoma. In some alternatives, the method further comprises
delivering to the immune cell, a second vector, wherein the second vector comprises a
nucleic acid encoding a Cas9 endonuclease and delivering to the immune cell a nucleic acid
encoding a CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at
least one target gene in in the cell, and wherein said nucleic acid is present on the second
vector or a third vector. In some alternatives, the second vector is an mRNA. In some
alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human
cell. In some alternatives, the target gene is TGF-beta or IL-10. In some alternatives, the
method further comprises delivering to the immune cell, a fourth vector, wherein the fourth
vector encodes a Cas9 VP64 fusion protein and delivering to the immune cell a fifth vector,
wherein the fifth vector comprises a CRISPR guide RNA complimentary to at least one
target gene in the cell.

[0131] In some alternatives, the fourth vector is an mRNA. In some alternatives,
the mRNA is codon optimized for expression in a eukaryotic cell, such as a human cell. In
some alternatives, the at least one target gene is an endogenous pro-inflammatory gene. In
some alternatives, the pro-inflammatory gene is IFN-gamma, IL.-12 and/or IL-18. In some
alternatives, IL-12 is encoded by a sequence set forth in SEQ ID NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG
GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA
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AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA
AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA
CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some

alternatives, the nucleic acid encoding said protein is under the control of a regulatory
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element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte.

[0132] In some alternatives, the method further comprises differentiating the
immune cells. In some alternatives, the immune cells are differentiated to a pro-inflammatory
phenotype by culturing the cells with granulocyte macrophage colony stimulating factor. In
some alternatives, the cells are differentiated to an anti-inflammatory phenotype by culturing
the cells with a macrophage colony stimulating factor.

[0133] In some alternatives, a genetically modified immune cell is provided
wherein the genetically modified immune cell comprises a first vector that comprises a
nucleic acid encoding a protein that induces T-cell proliferation, promotes persistence and
activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the T-cell is a modified T-cell. In some alternatives, the T-cell genetically
modified to express a chimeric antigen receptor (CAR) or T-cell receptor (Tcr). In some
alternatives, the immune cell is a myeloid cell. In some alternatives, the myeloid cell is a
macrophage. In some alternatives, the myeloid cell is a microglial cell. In some alternatives,
the tumor is a glioma. In some alternatives, the tumor is a glioblastoma. In some alternatives,
the vector 1s a viral vector. In some alternatives, the viral vector is a lentiviral vector. In some
alternatives, the lentiviral vector is packaged with a Vpx protein. In some alternatives, the
protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives,
the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some
alternatives, the protein comprises interferon alpha, beta, or gamma. In some alternatives, the
protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives, the PD-L1
protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some

alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
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interferon beta, or interferon gamma. In some alternatives, the protein is a T-cell or NK-cell
chemokine. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4,
CCLs, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17,
CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1),
Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10,
ITAC/CXCL11, CXCL12, CXCL13 or CXCLI15. In some alternatives, the genetically
modified immune cell further comprises a second vector, wherein the second vector
comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in in the cell, and wherein said nucleic acid is present on the second vector or a
third vector. In some alternatives, the second vector is an mRNA. In some alternatives, the
Cas9 i1s codon optimized for expression in a eukaryotic cell, such as a human cell. In some
alternatives, the target gene is TGF-beta or IL-10. In some alternatives, the genetically
modified immune cell further comprises a fourth vector, wherein the fourth vector encodes a
Cas9 VP64 fusion protein and a fifth vector, wherein the fifth vector comprises a CRISPR
guide RNA complimentary to at least one target gene in the cell. In some alternatives, the
fourth vector is an mRNA. In some alternatives, the mRNA is codon optimized for
expression in a eukaryotic cell, such as a human cell. In some alternatives, the protein
supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives, the at
least one target gene is an endogenous pro-inflammatory gene. In some alternatives, the pro-
inflammatory gene is IFN-gamma, IL-12 and/or IL-18. In some alternatives, IL-12 is
encoded by a sequence set forth in SEQ ID NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG

GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA

AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA

AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA

CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA

TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC

CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
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ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a

monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the

-82-



WO 2017/044487 PCT/US2016/050552

immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor. In some alternatives, the immune cell is selected from

the group consisting of a macrophage, allogeneic cell, myeloid cell and a monocyte.

Methods of expressing myeloid cell surface markers in GEMs
[0134] In accordance with some preferred alternatives, there are genetically

modified immune cells provided, wherein the cells comprise a nucleic acid encoding a
protein that induces T-cell proliferation, promotes persistence and activation of endogenous
or adoptively transferred NK or T cells and/or induces production of an interleukin, an
interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a cytokine or a chemokine.
In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein and
interferon alpha, interferon beta, or interferon gamma. In some alternatives, a genetically
modified immune cell comprising a first vector is provided. The first vector can comprise a
nucleic acid encoding a protein that induces T-cell proliferation, promotes persistence and/or
activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, there are methods provided of making the genetically modified immune cell for
modifying a tumor microenvironment (TME). In some alternatives, the method comprises
delivering a first vector to an immune cell, wherein the first vector comprises a nucleic acid
encoding a protein that induces T-cell proliferation, promotes persistence and/or activation of
endogenous or adoptively transferred NK or T cells and/or induces production of an
interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a cytokine or
a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein
and interferon alpha, interferon beta, or interferon gamma.

[0135] In some alternatives, the immune cell is a T-cell. In some alternatives, the
immune cell is an NK cell. In some alternatives, the immune cell is a genetically modified

NK cell. In some alternatives, the immune cell is a modified T-cell. In some alternatives, the
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immune cell is genetically modified to express a chimeric antigen receptor (CAR) or T-cell
receptor (Tcr). In some alternatives, the cell is selected from the group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cell is a myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some
alternatives, the myeloid cell is a microglial cell. In some alternatives, the first vector is a
viral vector. In some alternatives, the viral vector is a lentiviral vector. In some alternatives,
the lentiviral vector is packaged with a Vpx protein. In some alternatives, the protein
supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives, the
protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives,
the protein comprises interferon alpha, beta, or gamma. In some alternatives, the protein
comprises a PD-1 checkpoint binding inhibitor. In some alternatives, the PD-1 checkpoint
binding inhibitor is a PD-L1 protein or active fragment thereof, and wherein binding of the
PD-L1 protein or active fragment thereof does not cause an agonist signal upon binding PD-
1. In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein binds PD-L1 or PD-L2 expressed by tumor cells and/or associated macrophages, and
wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does not cause an agonist
signal upon binding. In some alternatives, the PD-L1 protein fragment comprises amino acids
62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the protein is a T-cell or NK-cell chemokine. In some alternatives, the
chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8/MCP-2, CCL11,
CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26,
CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-
2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10, ITAC/CXCL11, CXCL12, CXCL13 or
CXCL15. In some alternatives, the genetically modified immune cell further comprises a
second vector, wherein the second vector comprises a nucleic acid encoding a Cas9
endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein the CRISPR guide
RNA is complimentary to at least one target gene in the immune cell, and wherein said
nucleic acid is present on the second vector or a third vector. In some alternatives, the second

vector is an mRNA. In some alternatives, the Cas9 is codon optimized for expression in a
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eukaryotic cell, such as a human cell. In some alternatives, the target gene is PD-L1, TGF-
beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives the genetically modified immune cell further
comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion protein to
activate transcription and translation of a second protein and a fifth vector, wherein the fifth
vector comprises a CRISPR guide RNA complimentary to at least one target gene in the cell.
In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-
alpha/beta/gamma, IL.-12, IL-18, IL-23 or GM-CSF. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the at least one target gene is an endogenous
pro-inflammatory gene. In some alternatives, the at least one target gene encodes TGF-beta,
IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic acid
encoding a suicide gene system. In some alternatives, the suicide gene system is a Herpes
Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system or an
inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding said
protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the immune cells are differentiated. In some alternatives,
the immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells
with granulocyte macrophage colony stimulating factor. In some alternatives, the immune
cells are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.

[0136] In some alternatives, the first vector is a viral vector. In some alternatives,
the viral vector is a retroviral vector or a lentiviral vector. In some alternatives, the lentiviral
vector 1s packaged with a Vpx protein. In some alternatives, the lentiviral vector packaged
with the Vpx protein is used to provide efficient transfection of myeloid cells. In some
alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In

some alternatives, the protein comprises interferon alpha, beta, or gamma. In some
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alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives,
the protein is a T-cell or NK-cell chemokine. In some alternatives, the chemokine comprises
CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8, CCL11, CCL13, CCL17, CCL22,
CCL24, or CCL26. In some alternatives, the T-cell is a genetically modified T-cell. In some
alternatives, the genetically modified T-cell is genetically modified to express a chimeric
antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a
myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the
myeloid cell is a microglial cell. In some alternatives, the tumor is a glioma. In some
alternatives, the tumor is a glioblastoma. In some alternatives, the method further comprises
delivering to the immune cell, a second vector, wherein the second vector comprises a
nucleic acid encoding a Cas9 endonuclease and delivering to the immune cell a nucleic acid
encoding a CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at
least one target gene in in the cell, and wherein said nucleic acid is present on the second
vector or a third vector. In some alternatives, the second vector is an mRNA. In some
alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human
cell. In some alternatives, the target gene is TGF-beta or IL-10. In some alternatives, the
method further comprises delivering to the immune cell, a fourth vector, wherein the fourth
vector encodes a Cas9 VP64 fusion protein and delivering to the immune cell a fifth vector,
wherein the fifth vector comprises a CRISPR guide RNA complimentary to at least one
target gene in the cell.

[0137] In some alternatives, the fourth vector is an mRNA. In some alternatives,
the mRNA is codon optimized for expression in a eukaryotic cell, such as a human cell. In
some alternatives, the at least one target gene is an endogenous pro-inflammatory gene. In
some alternatives, the pro-inflammatory gene is IFN-gamma, IL-12 and/or IL-18. In some
alternatives, IL-12 is encoded by a sequence set forth in SEQ ID NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG
GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA
AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA
AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA
CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
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TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,

such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
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promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte.

[0138] In some alternatives, the method further comprises further comprising
differentiating the immune cells. In some alternatives, the immune cells are differentiated to
a pro-inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the cells are differentiated to an anti-inflammatory
phenotype by culturing the cells with a macrophage colony stimulating factor.

[0139] In some alternatives, a genetically modified immune cell is provided
wherein the genetically modified immune cell comprises a first vector that comprises a
nucleic acid encoding a protein that induces T-cell proliferation, promotes persistence and
activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the T-cell is a modified T-cell. In some alternatives, the T-cell is genetically
modified to express a chimeric antigen receptor (CAR) or T-cell receptor (Tcr). In some
alternatives, the immune cell 1s a myeloid cell. In some alternatives, the myeloid cell is a
macrophage. In some alternatives, the myeloid cell is a microglial cell. In some alternatives,
the tumor is a glioma. In some alternatives, the tumor is a glioblastoma. In some alternatives,
the vector is a viral vector. In some alternatives, the viral vector 1s a lentiviral vector. In some
alternatives, the lentiviral vector i1s packaged with a Vpx protein. In some alternatives, the
protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives,
the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some
alternatives, IL-15 1s encoded by a sequence set forth in SEQ ID NO: 35
(GCCACCATGGCACTTCCAGTCACAGCGCTTCTTCTGCCTTTGGCACTGCTTCTCC
ACGCAGCACGCCCAAACTGGGTCAATGTAATCAGCGACCTGAAGAAGATTGAAG
ACCTGATTCAATCAATGCACATAGACGCTACGTTGTACACCGAATCAGATGTTCA
TCCTAGCTGTAAAGTCACCGCAATGAAATGTTTTTTGCTGGAGCTTCAAGTTATA
TCCCTTGAGTCTGGGGACGCATCTATACATGACACAGTTGAGAATTTGATCATAT
TGGCAAACAATAGCTTGTCTTCCAACGGTAATGTCACAGAGTCCGGTTGTAAAG
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AGTGTGAGGAACTTGAAGAGAAAAACATTAAAGAATTTCTCCAGAGTTTCGTAC

ATATTGTACAAATGTTCATAAATACTTCTATCTATATCTGGGCTCCTCTCGCCGGA
ACCTGTGGCGTTCTGCTGCTGTCTTTGGTGATTACAGGAAGTGGAGCCACAAATT
TCAGTCTGCTTAAACAGGCAGGGGATGTGGAGGAGAACCCCGGCCCAATGCGAA
TTTCAAAACCACATCTTAGATCAATCAGCATACAGTGTTATCTTTGTCTGCTGCTC
AACAGCCATTTCTTGACTGAAGCCAACTGGGTCAACGTAATTTCTGATCTTAAAA
AAATCGAGGATCTGATCCAGAGTATGCACATAGACGCAACGCTTTACACCGAAA

GTGATGTCCATCCGTCATGTAAAGTAACGGCGATGAAGTGTTTCCTTCTCGAGCT

TCAGGTAATTTCATTGGAGTCTGGAGATGCCTCTATTCATGACACGGTAGAGAAT
TTGATCATTCTCGCTAACAATAGTCTTTCCAGTAACGGTAACGTTACAGAGAGCG
GATGTAAAGAATGTGAGGAATTGGAGGAGAAGAACATTAAGGAATTCCTTCAGT
CCTTTGTCCACATCGTTCAGATGTTTATTAACACGAGTTGA). In some alternatives,
the protein comprises interferon alpha, beta, or gamma. In some alternatives, the protein
comprises a PD-1 checkpoint binding inhibitor. In some alternatives, the PD-L1 protein
fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the
protein is a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta,
or interferon gamma. In some alternatives, the protein is a T-cell or NK-cell chemokine. In
some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCLS, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLI11,
CXCL12, CXCL13 or CXCL15. In some alternatives, the genetically modified immune cell
further comprises a second vector, wherein the second vector comprises a nucleic acid
encoding a Cas9 endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein
the CRISPR guide RNA is complimentary to at least one target gene in in the cell, and
wherein said nucleic acid is present on the second vector or a third vector. In some
alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
target gene is TGF-beta or IL-10. In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion

protein and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA
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complimentary to at least one target gene in the cell. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the protein supports or promotes T-cell
and/or NK-cell anti-tumor activity. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the pro-inflammatory gene is IFN-
gamma, IL-12 and/or IL-18. In some alternatives, IL-12 is encoded by a sequence set forth in
SEQ D NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG
GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA
AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA
AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA
CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT

-90-



WO 2017/044487 PCT/US2016/050552

TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT

CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA

CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT

GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor. In some alternatives, the cells have a decrease in
CD11b expression in comparison to an immune cells that have not been induced with the
said vectors. In some alternatives, the immune cell is selected from the group consisting of a
macrophage, allogeneic cell, myeloid cell and a monocyte. In some alternatives, the immune
cell has an increased expression of anti-inflammatory macrophage markers. In some
alternatives, the anti-inflammatory macrophage markers are CD163 and CD80. In some
alternatives, the immune cell expresses a higher concentration of anti-inflammatory
macrophage markers in comparison to an immune cell that has not been transduced with the

said vectors.

Compositions

91-



WO 2017/044487 PCT/US2016/050552

[0140] In some alternatives, the methods and compositions described herein are
used to modify a tumor environment in a subject suffering from cancer, disease or an
infection e.g., a human. In some alternatives of the methods and compositions provided
herein, the patients in need are people of pediatric age with relapsed refractory
neuroblastoma. In some alternatives, the cancer is a solid tumor. In some alternatives, the
solid tumor is selected from the group consisting of a breast cancer, brain cancer, lung
cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal cancer, pancreatic
cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck cancer, sarcomas,
neuroblastomas and ovarian cancer.

[0141] In some alternatives, the composition provided to said subject is used for
modifying a tumor environment in said subject. In some alternatives, the composition is used
to modulate the suppression of the immune response in a tumor microenvironment of a
subject in need thereof e.g., a subject that has a cancer such as a breast cancer, brain cancer,
lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal cancer,
pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck cancer,
sarcomas, neuroblastomas and ovarian cancer. In some alternatives, the composition is used
to minimize the proliferation of tumor and suppressive cells in a subject in need thereof e.g.,
a subject that has a cancer such as a breast cancer, brain cancer, lung cancer, liver cancer,
stomach cancer, spleen cancer, colon cancer, renal cancer, pancreatic cancer, prostate cancer,
uterine cancer, skin cancer, head cancer, neck cancer, sarcomas, neuroblastomas and ovarian
cancer. In some alternatives, the composition is used to of increase the efficiency of an anti-
cancer therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy, or anti-
tumoral therapy in a subject in need thereof e.g., a subject that has a cancer such as a breast
cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer,
renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer,
neck cancer, sarcomas, neuroblastomas and ovarian cancer.

[0142] In some alternatives, the composition comprises any one or more of the
genetically modified immune cells of any of the alternatives described herein or any one of
more of the genetically modified immune cells manufactured by any one of the alternatives
described herein and a carrier, an anti-cancer therapeutic, an anti-infection therapeutic, an

antibacterial therapeutic, an anti-viral therapeutic, or an anti-tumoral therapeutic. In some
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alternatives, the genetically modified immune cells of the composition comprises a nucleic
acid encoding a protein that induces T-cell proliferation, promotes persistence and/or
activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma.

[0143] In some alternatives, the method of making the genetically modified
immune cell comprises delivering a first vector to an immune cell, wherein the first vector
comprises a nucleic acid encoding a protein that induces T-cell proliferation, promotes
persistence and activation of endogenous or adoptively transferred NK or T cells and/or
induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma .

[0144] In some alternatives, the vector is a viral vector. In some alternatives, the
viral vector is a retroviral vector or a lentiviral vector. In some alternatives, the lentiviral
vector 1s packaged with a Vpx protein. In some alternatives, the lentiviral vector packaged
with the Vpx protein is used to provide efficient transfection of myeloid cells. In some
alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In
some alternatives, the protein comprises interferon alpha, beta, or gamma. In some
alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives,
the protein is a T-cell or NK-cell chemokine. In some alternatives, the chemokine comprises
CCL1, CCL2, CCL3, CCR4, CCLS5, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-
1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL38, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8, CCLI11,
CCL13, CCL17, CCL22, CCL24, or CCL26. In some alternatives, the T-cell is a genetically
modified T-cell. In some alternatives, the genetically modified T-cell is genetically modified
to express a chimeric antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives,
the immune cell is a myeloid cell. In some alternatives, the myeloid cell is a macrophage. In

some alternatives, the myeloid cell is a microglial cell. In some alternatives, the tumor is a
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glioma. In some alternatives, the tumor is a glioblastoma. In some alternatives, the method
further comprises delivering to the immune cell, a second vector, wherein the second vector
comprises a nucleic acid encoding a Cas9 endonuclease and delivering to the immune cell a
nucleic acid encoding a CRISPR guide RNA, wherein the CRISPR guide RNA is
complimentary to at least one target gene in in the cell, and wherein said nucleic acid is
present on the second vector or a third vector. In some alternatives, the second vector is an
mRNA. In some alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell,
such as a human cell. In some alternatives, the target gene is TGF-beta or IL-10. In some
alternatives, the method further comprises delivering to the immune cell, a fourth vector,
wherein the fourth vector encodes a Cas9 VP64 fusion protein and delivering to the immune
cell a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA complimentary
to at least one target gene in the cell.

[0145] In some alternatives, the fourth vector is an mRNA. In some alternatives,
the mRNA is codon optimized for expression in a eukaryotic cell, such as a human cell. In
some alternatives, the at least one target gene is an endogenous pro-inflammatory gene. In
some alternatives, the pro-inflammatory gene is IFN-gamma, IL.-12 and/or IL-18. In some
alternatives, IL-12 is encoded by a sequence set forth in SEQ ID NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG
GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA
AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA
AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA
CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
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TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte.

[0146] In some alternatives, the method further comprises differentiating the
immune cells. In some alternatives, the immune cells are differentiated to a pro-inflammatory
phenotype by culturing the cells with granulocyte macrophage colony stimulating factor. In
some alternatives, the cells are differentiated to an anti-inflammatory phenotype by culturing

the cells with a macrophage colony stimulating factor.
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[0147] In some alternatives, the genetically modified cells comprise a first vector,
wherein the first vector comprises a nucleic acid encoding a protein that induces T-cell
proliferation, promotes persistence and activation of endogenous or adoptively transferred
NK or T cells and/or induces production of an interleukin, an interferon, a PD-1checkpoint
binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some alternatives, the
protein is a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta,
or interferon gamma. In some alternatives, the T-cell is a modified T-cell. In some
alternatives, the T-cell is genetically modified to express a chimeric antigen receptor (CAR)
or T-cell receptor (Tcr). In some alternatives, the immune cell is a myeloid cell. In some
alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid cell is a
microglial cell. In some alternatives, the tumor is a glioma. In some alternatives, the tumor is
a glioblastoma. In some alternatives, the vector is a viral vector. In some alternatives, the
viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2,IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ
1D NO: 35
(GCCACCATGGCACTTCCAGTCACAGCGCTTCTTCTGCCTTTGGCACTGCTTCTCC
ACGCAGCACGCCCAAACTGGGTCAATGTAATCAGCGACCTGAAGAAGATTGAAG
ACCTGATTCAATCAATGCACATAGACGCTACGTTGTACACCGAATCAGATGTTCA
TCCTAGCTGTAAAGTCACCGCAATGAAATGTTTTTTGCTGGAGCTTCAAGTTATA
TCCCTTGAGTCTGGGGACGCATCTATACATGACACAGTTGAGAATTTGATCATAT
TGGCAAACAATAGCTTGTCTTCCAACGGTAATGTCACAGAGTCCGGTTGTAAAG
AGTGTGAGGAACTTGAAGAGAAAAACATTAAAGAATTTCTCCAGAGTTTCGTAC
ATATTGTACAAATGTTCATAAATACTTCTATCTATATCTGGGCTCCTCTCGCCGGA
ACCTGTGGCGTTCTGCTGCTGTCTTTGGTGATTACAGGAAGTGGAGCCACAAATT
TCAGTCTGCTTAAACAGGCAGGGGATGTGGAGGAGAACCCCGGCCCAATGCGAA
TTTCAAAACCACATCTTAGATCAATCAGCATACAGTGTTATCTTTGTCTGCTGCTC
AACAGCCATTTCTTGACTGAAGCCAACTGGGTCAACGTAATTTCTGATCTTAAAA
AAATCGAGGATCTGATCCAGAGTATGCACATAGACGCAACGCTTTACACCGAAA
GTGATGTCCATCCGTCATGTAAAGTAACGGCGATGAAGTGTTTCCTTCTCGAGCT
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TCAGGTAATTTCATTGGAGTCTGGAGATGCCTCTATTCATGACACGGTAGAGAAT
TTGATCATTCTCGCTAACAATAGTCTTTCCAGTAACGGTAACGTTACAGAGAGCG
GATGTAAAGAATGTGAGGAATTGGAGGAGAAGAACATTAAGGAATTCCTTCAGT
CCTTTGTCCACATCGTTCAGATGTTTATTAACACGAGTTGA). In some alternatives,
the protein comprises interferon alpha, beta, or gamma. In some alternatives, the protein
comprises a PD-1 checkpoint binding inhibitor. In some alternatives, the protein is a T-cell or
NK-cell chemokine. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3,
CCR4, CCLs, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14,
CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGTF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL38, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the genetically modified immune cell further comprises a second vector, wherein the second
vector comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in in the cell, and wherein said nucleic acid can be present on the second vector
or a third vector. In some alternatives, the second vector is an mRNA. In some alternatives,
the Cas9 1s codon optimized for expression in a eukaryotic cell, such as a human cell. In
some alternatives, the target gene i1s TGF-beta or IL-10. In some alternatives, the genetically
modified immune cell further comprises a fourth vector, wherein the fourth vector encodes a
Cas9 VP64 fusion protein and a fifth vector, wherein the fifth vector comprises a CRISPR
guide RNA complimentary to at least one target gene in the cell. In some alternatives, the
fourth vector is an mRNA. In some alternatives, the mRNA is codon optimized for
expression in a eukaryotic cell, such as a human cell. In some alternatives, the protein
supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives, the at
least one target gene is an endogenous pro-inflammatory gene. In some alternatives, the pro-
inflammatory gene is IFN-gamma, IL-12 and/or IL-18. In some alternatives, IL-12 is
encoded by a sequence set forth in SEQ ID NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG

GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA

AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA
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AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA
CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory

element. In some alternatives, the regulatory element is a promoter that is inducible by a
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drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.

[0148] The composition can further comprise a pharmaceutical vehicle or
pharmaceutical excipient. “Pharmaceutical excipient,” or pharmaceutical vehicle as described
herein can refer to a carrier or inert medium used as a solvent in which the medicinally active
agent or T-cells for treatment or therapy is formulated and or administered. Vehicles can
include polymeric micelles, liposomes, lipoprotein-based carriers, nano-particle carriers,
dendrimers, and/or other vehicles.

[0149] “Vehicles” as described herein can refer to a substance of no therapeutic
value that is used to convey an active medicine or cells for administration. Pharmaceutical
vehicle as described herein can refer to a carrier or inert medium used as a solvent in which
the medicinally active agent is formulated and or administered. An ideal vehicle can be non-
toxic, biocompatible, non-immunogenic, biodegradable, and can avoid recognition by the
host's defense mechanisms. In several alternatives, compositions are provided which
comprise vehicles or excipients that promote or enhance or stabilize the integrity of the
genetically modified immune cells. In some alternatives, the vehicles are pharmaceutical
vehicles. In some alternatives, the pharmaceutical vehicles include pharmaceutical
compositions. In some alternatives, the composition further comprises a pharmaceutical
excipient and at least one population of genetically modified immune cells of any of the

alternatives described herein.

Methods  of modulating the suppression of the immune response in a tumor
microenvironment of a subject in need thereof
[0150] In some alternatives, a method of modulating the suppression of the

immune response in a tumor microenvironment of a subject in need thereof e.g., a human is
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provided, wherein the method comprises administering any one or more of the genetically
modified immune cells of any one or more of the alternatives described herein or any one or
more of the compositions of any of the alternatives described herein to said subject in need
thereof and, optionally, selecting or identifying said subject to receive said genetically
modified immune cells and/or measuring a modulation of suppression of the immune
response in the tumor microenvironment of said subject after administration of said
genetically modified immune cells.

[0151] In some alternatives, the genetically modified cells comprise a first vector
wherein the first vector comprises a nucleic acid encoding a protein that induces T-cell
proliferation, promotes persistence and activation of endogenous or adoptively transferred
NK or T cells and/or induces production of an interleukin, an interferon, a PD-1checkpoint
binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some alternatives, the
protein is a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta,
or interferon gamma. In some alternatives, the T-cell is a modified T-cell. In some
alternatives, the T-cell is genetically modified to express a chimeric antigen receptor (CAR)
or T-cell receptor (Tcr). In some alternatives, the immune cell is a myeloid cell. In some
alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid cell is a
microglial cell. In some alternatives, the tumor is a glioma. In some alternatives, the tumor is
a glioblastoma. In some alternatives, the vector is a viral vector. In some alternatives, the
viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2,IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ
ID NO: 35. In some alternatives, the protein comprises interferon alpha, beta, or gamma. In
some alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some
alternatives, the protein is a T-cell or NK-cell chemokine. In some alternatives, the
chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8/MCP-2, CCL11,
CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26,
CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-
2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10, ITAC/CXCL11, CXCL12, CXCL13 or
CXCL15. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4,
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CCLs5, CCL7, CCL8, CCL11, CCL13, CCL17, CCL22, CCL24, or CCL26. In some
alternatives, the genetically modified immune cell further comprises a second vector,
wherein the second vector comprises a nucleic acid encoding a Cas9 endonuclease and a
nucleic acid encoding a CRISPR guide RNA, wherein the CRISPR guide RNA is
complimentary to at least one target gene in the cell, and wherein said nucleic acid is present
on the second vector or a third vector. In some alternatives, the second vector is an mRNA.
In some alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as
a human cell. In some alternatives, the target gene is TGF-beta or IL-10. In some
alternatives, the genetically modified immune cell further comprises a fourth vector, wherein
the fourth vector encodes a Cas9 VP64 fusion protein and a fifth vector, wherein the fifth
vector comprises a CRISPR guide RNA complimentary to at least one target gene in the cell.
In some alternatives, the fourth vector is an mRNA. In some alternatives, the mRNA is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives,
the at least one target gene is an endogenous pro-inflammatory gene. In some alternatives,
the pro-inflammatory gene is IFN-gamma, IL-12 and/or IL-18. In some alternatives, IL-12 1s
encoded by a sequence set forth in SEQ ID NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG

GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA

AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA

AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA

CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA

TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC

CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC

TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG

ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
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TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC

ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT

GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC

CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT

GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT

TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT

CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA

CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT

GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a

macrophage colony stimulating factor.
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[0152] In some alternatives, the composition is used for modulating the
suppression of the immune response in a tumor microenvironment. In some alternatives of
the genetically modified cells of the composition, the genetically modified cells comprise a
first vector that comprises a nucleic acid encoding a protein that induces T-cell proliferation,
promotes persistence and/or activation of endogenous or adoptively transferred NK or T cells
and/or induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, the T-cell is a modified T-cell. In some alternatives, the T-cell is
genetically modified to express a chimeric antigen receptor (CAR) or T-cell receptor (Tcr).
In some alternatives, the immune cell is a myeloid cell. In some alternatives, the myeloid cell
is a macrophage. In some alternatives, the myeloid cell is a microglial cell. In some
alternatives, the tumor is a glioma. In some alternatives, the tumor is a glioblastoma. In some
alternatives, the vector is a viral vector. In some alternatives, the viral vector is a lentiviral
vector. In some alternatives, the lentiviral vector is packaged with a Vpx protein. In some
alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In
some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21.
In some alternatives, IL-15 is encoded by a sequence set forth in SEQ ID NO: 35.1In some
alternatives, the protein comprises interferon alpha, beta, or gamma. In some alternatives, the
protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives, the PD-L1
protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma . In some alternatives, the protein is a T-cell or NK-cell
chemokine. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4,
CCLs, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17,
CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1),
Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10,
ITAC/CXCL11, CXCL12, CXCL13 or CXCLI15. In some alternatives, the genetically
modified immune cell further comprises a second vector, wherein the second vector
comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a

CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
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target gene in in the cell, and wherein said nucleic acid is present on the second vector or a
third vector. In some alternatives, the second vector is an mRNA. In some alternatives, the
Cas9 i1s codon optimized for expression in a eukaryotic cell, such as a human cell. In some
alternatives, the target gene is TGF-beta or IL-10. In some alternatives, the genetically
modified immune cell further comprises a fourth vector, wherein the fourth vector encodes a
Cas9 VP64 fusion protein and a fifth vector, wherein the fifth vector comprises a CRISPR
guide RNA complimentary to at least one target gene in the cell. In some alternatives, the
fourth vector is an mRNA. In some alternatives, the mRNA is codon optimized for
expression in a eukaryotic cell, such as a human cell. In some alternatives, the protein
supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives, the at
least one target gene is an endogenous pro-inflammatory gene. In some alternatives, the pro-
inflammatory gene is IFN-gamma, IL-12 and/or IL-18. In some alternatives, IL-12 is
encoded by a sequence set forth in SEQ ID NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG
GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA
AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA
AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA
CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
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CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.

[0153] In some alternatives of the method, administering is performed by
adoptive cell transfer. In some alternatives, the genetically modified immune cells are
administered by direct delivery to a tumor bed by injection. In some alternatives, the subject
in need suffers from cancer. In some alternatives, the cancer is a solid tumor. In some

alternatives, the solid tumor is selected from the group consisting of a breast cancer, brain
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cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal cancer,
pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck cancer,
sarcomas, neuroblastomas and ovarian cancer.

[0154] In some alternatives, the method further comprises administering a cellular
therapy to the subject in need thereof e.g., a human before, after or simultaneous to
introducing, providing, or administering any one or more of the cells described in any of the
alternatives herein. In some alternatives, the cellular therapy is CAR T-cell therapy. In some
alternatives, the method further comprises delivering antibodies or binding fragments thereof,
small molecules, heat shock protein-peptide complexes or oncolytic polio virus to the subject
in need thereof before, after, or simultaneous to introducing, providing, or administering any
one or more of the cells of any of the alternatives described herein into the subject for
therapy. In some alternatives, the antibodies or binding fragments thereof are specific for
alphafetoprotein, carcinoembryonic antigen, CA-125, MUC-1, Epithelial tumor antigen,
Tyrosinase, Melanoma associated antigen (MAGE), HER2, and/or abnormal products of ras
or pS3. In some alternatives, the method further comprises administering to the subject in
need a prodrug. In some alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506
or a chemical inducer of dimerization. In some alternatives, the method further comprises
administering to the subject a drug before, after or simultaneous to introducing, providing, or
administering any one or more of the cells of any of the alternatives described herein. In
some alternatives, the drug is tamoxifen and/or its metabolites. In some alternatives, the
subject is identified or selected to receive an anti-cancer therapy, an anti-infection therapy, an
antibacterial therapy, an anti-viral therapy, or an anti-tumoral therapy. In some alternatives,
the method further comprises introducing, providing, or administering to said subject an
additional therapeutic agent, such as a chemotherapeutic agent, an antiviral agent, or an
antibacterial agent or an adjunct therapy such as radiation therapy and/or surgery before, after
or simultaneous to introducing, providing, or administering any one or more of the cells of
any of the alternatives described herein. In some alternatives, the additional therapeutic agent
is an anti-cancer therapy comprising a hormone blocking therapy, chemotherapy, a small
molecule, monoclonal antibodies or binding fragments thereof, and/or radiation. In some
alternatives, the monoclonal antibody or binding fragment thereof is specific for Her2, CD52,

CD20, CD25, VEGF or EGRF and such antibodies or binding fragments thereof can be
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humanized. In some alternatives, the hormone blocking therapy comprises delivery of
tamoxifen, anastrozole, and/or letrozole. In some alternatives, the small molecule comprises
a tyrosine kinase inhibitor, a small molecule drug conjugates, a serine kinase inhibitor and/or
a threonine kinase inhibitor. In some alternatives, the method does not negatively affect
survival of the subject. In some alternatives, the method does not cause detrimental side

effects.

A method of minimizing the proliferation of tumor and suppressive cells
[0155] In some alternatives, a method of minimizing the proliferation of tumor

and suppressive cells in a subject in need thereof e.g., a human is provided, wherein the
method comprises administering any one or more of the genetically modified immune cells
of any one or more of the alternatives described herein or any one or more of the
compositions of any of the alternatives described herein to said subject in need thereof and,
optionally, selecting or identifying said subject to receive said genetically modified immune
cells and/or measuring the proliferation of tumor and suppressive cells in said subject after
administration of said genetically modified immune cells.

[0156] In some alternatives, the genetically modified cells comprise a first vector
that comprises a nucleic acid encoding a protein that induces T-cell proliferation, promotes
persistence and activation of endogenous or adoptively transferred NK or T cells and/or
induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, the T-cell is a modified T-cell. In some alternatives, the T-cell
genetically modified to express a chimeric antigen receptor (CAR) or T-cell receptor (Tcr).
In some alternatives, the immune cell is a myeloid cell. In some alternatives, the myeloid cell
is a macrophage. In some alternatives, the myeloid cell is a microglial cell. In some
alternatives, the tumor is a glioma. In some alternatives, the tumor is a glioblastoma. In some
alternatives, the vector is a viral vector. In some alternatives, the viral vector is a lentiviral
vector. In some alternatives, the lentiviral vector is packaged with a Vpx protein. In some
alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In
some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21.
In some alternatives, IL-15 is encoded by a sequence set forth in SEQ ID NO: 35.1In some
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alternatives, the protein comprises interferon alpha, beta, or gamma. In some alternatives, the
protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives, the protein is a
T-cell or NK-cell chemokine. In some alternatives, the chemokine comprises CCL1, CCL2,
CCL3, CCR4, CCLS5, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14,
CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGTF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL38, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8, CCLI11,
CCL13, CCL17, CCL22, CCL24, or CCL26. In some alternatives, the genetically modified
immune cell further comprises a second vector, wherein the second vector comprises a
nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a CRISPR guide
RNA, wherein the CRISPR guide RNA is complimentary to at least one target gene in in the
cell, and wherein said nucleic acid can be present on the second vector or a third vector. In
some alternatives, the second vector 1s an mRNA. In some alternatives, the Cas9 is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
target gene is TGF-beta or IL-10. In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA
complimentary to at least one target gene in the cell. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the protein supports or promotes T-cell
and/or NK-cell anti-tumor activity. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the pro-inflammatory gene is IFN-
gamma, IL-12 and/or IL-18. In some alternatives, IL-12 is encoded by a sequence set forth in
SEQ D NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG

GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA

AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA

AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA

CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
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TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,

such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
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promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.

[0157] In some alternatives, the composition is used for minimizing the
proliferation of tumor and suppressive cells in a subject in need. In some alternatives of the
genetically modified cells of the composition, the genetically modified cells comprise a first
vector that comprises a nucleic acid encoding a protein that induces T-cell proliferation,
promotes persistence and/or activation of endogenous or adoptively transferred NK or T cells
and/or induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, the T-cell is a modified T-cell. In some alternatives, the T-cell is
genetically modified to express a chimeric antigen receptor (CAR) or T-cell receptor (Tcr).
In some alternatives, the immune cell is a myeloid cell. In some alternatives, the myeloid cell
is a macrophage. In some alternatives, the myeloid cell is a microglial cell. In some
alternatives, the tumor is a glioma. In some alternatives, the tumor is a glioblastoma. In some
alternatives, the vector is a viral vector. In some alternatives, the viral vector is a lentiviral
vector. In some alternatives, the lentiviral vector is packaged with a Vpx protein. In some
alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In
some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21.
In some alternatives, the protein comprises interferon alpha, beta, or gamma. In some
alternatives, IL-15 i1s encoded by a sequence set forth in SEQ ID NO: 35. In some
alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives,
the protein is a T-cell or NK-cell chemokine. In some alternatives, the chemokine comprises
CCL1, CCL2, CCL3, CCR4, CCLS5, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-
1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
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CXCL38, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the chemokine 1s CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8, CCL11, CCL13,
CCL17, CCL22, CCL24, or CCL26. In some alternatives, the genetically modified immune
cell further comprises a second vector, wherein the second vector comprises a nucleic acid
encoding a Cas9 endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein
the CRISPR guide RNA is complimentary to at least one target gene in in the cell, and
wherein said nucleic acid can be present on the second vector or a third vector. In some
alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
target gene is TGF-beta or IL-10. In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA
complimentary to at least one target gene in the cell. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the protein supports or promotes T-cell
and/or NK-cell anti-tumor activity. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the pro-inflammatory gene is IFN-
gamma, IL-12 and/or IL-18. In some alternatives, IL-12 is encoded by a sequence set forth in
SEQ D NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG

GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA

AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA

AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA

CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
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TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG

ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC

ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT

GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC

CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT

GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT

TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT

CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA

CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT

GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells

are differentiated to an anti-inflammatory phenotype by culturing the cells with a
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macrophage colony stimulating factor. The composition can further comprise a vehicle, or
pharmaceutical vehicle.

[0158] In some alternatives of the method, the administering is performed by
adoptive cell transfer. In some alternatives, the genetically modified immune cells are
administered by direct delivery to a tumor bed by injection. In some alternatives, the subject
in need suffers from cancer. In some alternatives, the cancer is a solid tumor. In some
alternatives, the solid tumor is selected from the group consisting of a breast cancer, brain
cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal cancer,
pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck cancer,
sarcomas, neuroblastomas and ovarian cancer.

[0159] In some alternatives, the method further comprises administering a cellular
therapy to the subject in need thereof before, after or simultaneous to introducing, providing,
or administering any one or more of the cells described in any of the alternatives herein. In
some alternatives, the cellular therapy is CAR T-cell therapy. In some alternatives, the
method further comprises delivering antibodies or binding fragments thereof, small
molecules, heat shock protein-peptide complexes or oncolytic polio virus to the subject in
need thereof before, after, or simultaneous to introducing, providing, or administering any
one or more of the cells of any of the alternatives described herein into the subject for
therapy. In some alternatives, the antibodies or binding fragments thereof are specific for
alphafetoprotein, carcinoembryonic antigen, CA-125, MUC-1, Epithelial tumor antigen,
Tyrosinase, Melanoma associated antigen (MAGE), HER2, and/or abnormal products of ras
or pS3. In some alternatives, the method further comprises administering to the subject in
need a prodrug. In some alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506
or a chemical inducer of dimerization. In some alternatives, the method further comprises
administering to the subject a drug before, after or simultaneous to introducing, providing, or
administering any one or more of the cells of any of the alternatives described herein. In
some alternatives, the drug is tamoxifen and/or its metabolites. In some alternatives, the
subject is identified or selected to receive an anti-cancer therapy, an anti-infection therapy, an
antibacterial therapy, an anti-viral therapy, or an anti-tumoral therapy. In some alternatives,
the method further comprises introducing, providing, or administering to said subject an

additional therapeutic agent, such as a chemotherapeutic agent, an antiviral agent, or an
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antibacterial agent or an adjunct therapy such as radiation therapy and/or surgery before, after
or simultaneous to introducing, providing, or administering any one or more of the cells of
any of the alternatives described herein. In some alternatives, the additional therapeutic agent
is an anti-cancer therapy comprising a hormone blocking therapy, chemotherapy, a small
molecule, monoclonal antibodies or binding fragments thereof, which can be humanized,
and/or radiation. In some alternatives, the monoclonal antibody or binding fragment thereof
or humanized variants thereof, is specific for Her2, CD52, CD20, CD25, VEGF or EGRF. In
some alternatives, the hormone blocking therapy comprises delivery of tamoxifen,
anastrozole, and/or letrozole. In some alternatives, the small molecule comprises a tyrosine
kinase inhibitor, a small molecule drug conjugates, a serine kinase inhibitor and/or a

threonine kinase inhibitor.

Method of increasing the efficiency of an anti-cancer therapy, anti-infection therapy,
antibacterial therapy, anti-viral therapy, or anti-tumoral therapy in a subject
[0160] In some alternatives, a method of increasing the efficiency of an anti-

cancer therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy, or anti-
tumoral therapy in a subject in need thereof e.g., a human is provided, wherein the method
comprises administering any one or more of the genetically modified immune cells of any
one or more of any one of the alternatives described herein or a composition of any one of
the alternatives described herein to s subject in need thereof e.g., a human and, optionally,
selecting or 1dentifying said subject to receive said genetically modified immune cells and/or
measuring the proliferation of the cancer, infection, bacteria, virus, or tumor in said subject
after administration of said genetically modified immune cells.

[0161] In some alternatives of the genetically modified immune cells used for
increasing the efficiency of an anti-cancer therapy, anti-infection therapy, antibacterial
therapy, anti-viral therapy, or anti-tumoral therapy in said subject in need, the genetically
modified immune cells comprise a first vector, wherein the first vector comprises a nucleic
acid encoding a protein that induces T-cell proliferation, promotes persistence and/or
activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint

binding protein and interferon alpha, interferon beta, or interferon gamma. In some

-114-



WO 2017/044487 PCT/US2016/050552

alternatives, the genetically modified immune cell is a T-cell. In some alternatives, the
immune cell is an NK cell. In some alternatives, the immune cell is a genetically modified
NK cell. In some alternatives, the T-cell is a modified T-cell. In some alternatives, the T-cell
1s genetically modified to express a chimeric antigen receptor (CAR) or T-cell receptor (Tcr).
In some alternatives, the immune cell is a myeloid cell. In some alternatives, the myeloid cell
is a macrophage. In some alternatives, the myeloid cell is a microglial cell. In some
alternatives, the tumor is a glioma. In some alternatives, the tumor is a glioblastoma. In some
alternatives, the vector is a viral vector. In some alternatives, the viral vector is a lentiviral
vector. In some alternatives, the lentiviral vector is packaged with a Vpx protein. In some
alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In
some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21.
In some alternatives, the protein comprises interferon alpha, beta, or gamma. In some
alternatives, IL-15 i1s encoded by a sequence set forth in SEQ ID NO: 35 In some
alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives,
the protein is a T-cell or NK-cell chemokine. In some alternatives, the chemokine comprises
CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-
1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL38, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the genetically modified immune cell further comprises a second vector, wherein the second
vector comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in the cell, and wherein said nucleic acid is present on the second vector or a third
vector. In some alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is
codon optimized for expression in a eukaryotic cell, such as a human cell. In some
alternatives, the target gene is TGF-beta or IL-10. In some alternatives, the genetically
modified immune cell further comprises a fourth vector, wherein the fourth vector encodes a
Cas9 VP64 fusion protein and a fifth vector, wherein the fifth vector comprises a CRISPR
guide RNA complimentary to at least one target gene in the cell. In some alternatives, the
fourth vector is an mRNA. In some alternatives, the mRNA is codon optimized for

expression in a eukaryotic cell, such as a human cell. In some alternatives, the protein
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supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives, the at
least one target gene is an endogenous pro-inflammatory gene. In some alternatives, the pro-
inflammatory gene is IFN-gamma, IL-12 and/or IL-18. In some alternatives, IL-12 is
encoded by a sequence set forth in SEQ ID NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG
GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA
AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA
AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA
CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA

-116-



WO 2017/044487 PCT/US2016/050552

ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.

[0162] In some alternatives, the composition is used for increasing the efficiency
of or improving an anti-cancer therapy, an anti-infection therapy, an antibacterial therapy, an
anti-viral therapy, or an anti-tumoral therapy in a subject in need e.g., a human. In some
alternatives, the genetically modified cells comprise a first vector that comprises a nucleic
acid encoding a protein that induces T-cell proliferation, promotes persistence and/or
activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the genetically modified cell is a T-cell. In some alternatives, the T-cell is a
modified T-cell. In some alternatives, the T-cell is genetically modified to express a chimeric
antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a
myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the

myeloid cell is a microglial cell. In some alternatives, the tumor is a glioma. In some
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alternatives, the tumor is a glioblastoma. In some alternatives, the vector is a viral vector. In
some alternatives, the viral vector is a lentiviral vector. In some alternatives, the lentiviral
vector 1s packaged with a Vpx protein. In some alternatives, the protein supports or promotes
T-cell and/or NK-cell anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1,
IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a
sequence set forth in SEQ ID NO: 35. In some alternatives, the protein comprises interferon
alpha, beta, or gamma. In some alternatives, the protein comprises a PD-1 checkpoint
binding inhibitor. In some alternatives, the protein is a T-cell or NK-cell chemokine. In some
alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCLS5, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLI11,
CXCL12, CXCL13 or CXCL15. In some alternatives, the genetically modified immune cell
further comprises a second vector, wherein the second vector comprises a nucleic acid
encoding a Cas9 endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein
the CRISPR guide RNA is complimentary to at least one target gene in in the cell, and
wherein said nucleic acid can be present on the second vector or a third vector. In some
alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
target gene is TGF-beta or IL-10. In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA
complimentary to at least one target gene in the cell. In some alternatives, the fourth vector is
an mRNA. In some alternatives, the mRNA is codon optimized for expression in a eukaryotic
cell, such as a human cell. In some alternatives, the protein supports or promotes T-cell
and/or NK-cell anti-tumor activity. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the pro-inflammatory gene is IFN-
gamma, IL-12 and/or IL-18. In some alternatives, IL-12 is encoded by a sequence set forth in
SEQ D NO: 27
(ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCC
CCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTG
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GTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGA
AGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA
AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCA
CAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGA
TGGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGAC
CTTTCTAAGATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTG
ACGACAATCAGTACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTG
ACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAG
GGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCC
CAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGC
TCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTG
ACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGG
TCAGCTGGGAGTACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGAC
ATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTT
CACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCAGCATTAGCGT
GCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGCC
CTGCAGTGTTCCTGGAGTAGGGGTACCTGGGGTGGGCGCCAGAAACCTCCCCGT
GGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTG
AGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCT
TGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACA
GTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCA
GAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTT
TATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTGCTGATGGATCCTAAGAGGCAGATCTTT
CTAGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCA
ACAGTGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATCTTTCAGAATTCGGGCAGTGACTATT
GATAGAGTGATGAGCTATCTGAATGCTTCCTAA). In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir

(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
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alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.  The composition can further comprise a
pharmaceutical vehicle or pharmaceutical excipient. Vehicles can include polymeric
micelles, liposomes, lipoprotein-based carriers, nano-particle carriers, dendrimers, and/or
other vehicles for T-cells that are known to one skilled in the art. In some alternatives of the
method, the administering is performed by adoptive cell transfer. In some alternatives, the
genetically modified immune cells are administered by direct delivery to a tumor bed by
injection. In some alternatives, the subject in need suffers from cancer.

[0163] In some alternatives, the cancer is a solid tumor. In some alternatives, the
solid tumor is selected from the group consisting of a breast cancer, brain cancer, lung
cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal cancer, pancreatic
cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck cancer, sarcomas,
neuroblastomas and ovarian cancer. In some alternatives, the method further comprises
administering a cellular therapy to the subject in need thereof e.g., a human before, after or
simultaneous to introducing, providing, or administering any one or more of the cells
described in any of the alternatives herein. In some alternatives, the cellular therapy is CAR
T-cell therapy. In some alternatives, the method further comprises delivering antibodies or
binding fragments thereof, small molecules, heat shock protein-peptide complexes or
oncolytic polio virus to the subject in need thereof e.g., a human before, after, or
simultaneous to introducing, providing, or administering any one or more of the cells of any
of the alternatives described herein into the subject for therapy. In some alternatives, the

antibodies or binding fragments thereof are specific for alphafetoprotein, carcinoembryonic
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antigen, CA-125, MUC-1, Epithelial tumor antigen, Tyrosinase, Melanoma associated
antigen (MAGE), HER2, and/or abnormal products of ras or p53. In some alternatives, the
method further comprises administering to the subject in need a prodrug. In some
alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506 or a chemical inducer of
dimerization. In some alternatives, the method further comprises administering to the subject
a drug before, after or simultaneous to introducing, providing, or administering any one or
more of the cells of any of the alternatives described herein. In some alternatives, the drug is
tamoxifen and/or its metabolites. In some alternatives, the subject is identified or selected to
receive an anti-cancer therapy, an anti-infection therapy, an antibacterial therapy, an anti-
viral therapy, or an anti-tumoral therapy. In some alternatives, the method further comprises
introducing, providing, or administering to said subject an additional therapeutic agent, such
as a chemotherapeutic agent, an antiviral agent, or an antibacterial agent or an adjunct
therapy such as radiation therapy and/or surgery before, after or simultaneous to introducing,
providing, or administering any one or more of the cells of any of the alternatives described
herein. In some alternatives, the additional therapeutic agent is an anti-cancer therapy
comprising a hormone blocking therapy, chemotherapy, a small molecule, monoclonal
antibodies or binding fragments thereof, and/or radiation. In some alternatives, the
monoclonal antibody or binding fragments thereof is specific for Her2, CD52, CD20, CD25,
VEGF or EGRF. In some alternatives, the hormone blocking therapy comprises delivery of

tamoxifen, anastrozole, and/or letrozole.

Growth of an intracranial tumor after administration of GEMs in mice.
[0164] In some experiments that were conducted, CD14+ monocytes were

isolated from donor PBMCs and differentiated into M1-like macrophages, then infected with
a myeloid cell-specific lentivirus. Infected macrophages were tested by qPCR, Bioplex assay,
and flow cytometry for upregulation of expression of pro-inflammatory cytokines such as
IL12, TNFa, and/or type I interferons. The GEMs were also tested in a mouse model of
glioblastoma for their ability to slow the growth of an intracranial tumor, both in the presence
and absence of CAR T cells.

[0165] Macrophages are notoriously difficult to engineer to express transgenes,
owing to their immunologic function of detection and elimination of foreign genetic material.

The recent development of a lentivirus capable of infecting myeloid cells therefore affords
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the opportunity to use several approaches to genetically engineer macrophages to transform
the brain TME. In the first approach, GEMs overexpress and secrete a TLR agonist, high
mobility group box 1 (HMGB1) that will serve both as an autocrine signal for continued
expression of pro-inflammatory factors, as well as a paracrine signal to the
immunosuppressive myeloid cells within the TME. Quantitative PCR suggests that HMGB-
treated macrophages upregulate their expression of IL1B and TNFa. The second approach
involves the development and expression of novel PD1-binding proteins; upon secretion by
transplanted GEMs, these PD1 binders block the interaction between PD1 and its natural
ligands, reducing the exhaustion of CAR T cells. Finally, using the Cas9-CRISPR system to
knock out genes for anti-inflammatory cytokines, this rendered the transplanted GEMs less
susceptible to the influence of the TME. The in vivo data shows that macrophages
transplanted into mouse brain tumors persist and express transgene for the life of the animal
without any additional delivery of cytokines or growth factors.

[0166] Entolomid, which is a TLR agonist is encoded by a sequence set forth in
SEQ D NO: 38
(CTGGGGATCGGCCTCTTCATGGGGTCCGGTGCCACCAACTTTTCTCTCCTGAAGC
AGGCGGGCGATGTCGAAGAGAACCCAGGGCCTATGCTCCTGCTCGTAACCTCTC
TCCTTTTGTGCGAATTGCCCCACCCTGCATTCTTGCTTATACCAATGCGCGGCAGT
CACCATCATCATCACCACGGTATGGCGAGTATGACTGGCGGCCAGCAGATGGGC
CGGGACCTGTATGATGACGATGACAAAGACCCGATGGCTCAGGTCATCAATACT
AATAGCCTGTCACTGCTCACCCAGAACAACCTGGTTAAATCACAGTCATCCTTGT
CATCAGCGATAGAGAGGTTGTCTTCTGGACTCCGCATCAACTCTGCTAAGGATGA
TGCAGCTGGTCAAGCAATAGCAAACCGATTCACCTCCAATATCAAAGGACTTAC
GCAGGCCAGTAGGAATGCGAATGATGGAATAAGCATCGCACAGACTACGGAAG
GAGCGCTGAACGAAATCAACAATAACCTCCAGCGCGTTCGCGAACTCTCTGTCC
AGGCGACAACGGGCACGAATTCTGATAGCGATCTTAAATCAATACAAGACGAGA
TACAGCAGCGCTTGGAAGAGATTGATAGGGTAAGCGGACAAACGCAATTCAATG
GCGTTAAAGTGCTTTCCCAGGACAATCAGATGAAGATACAAGTCGGCGCAAACG
ACGGGGAGACGATTACAATCGACTTGCAAAAAATAGATGTGAAAAGCCTCGGGT
TGGATGGGTTTAACGTCAATAGTCCTGGCATTAGTGGTGGCGGCGGTGGGATTTT
GGACAGCATGGGTACTCTTATTAATGAAGATGCCGCAGCAGCTAAAAAAAGTAC
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TGCTAACCCGCTGGCATCCATCGATTCAGCGTTGAGTAAAGTTGACGCAGTCCGC
AGCAGTCTGGGCGCGATACAAAACAGATTTGATTCCGCCATTACCAACCTCGGC
AATACCGTCACCAATTTGAATTCAGCGAGATCTCGGATTGAGGACGCCGATTAC
GCAACAGAAGTGTCTAACATGTCTAAAGCTCAAATCTTGCAACAGGCCGGCACC
TCCGTACTGGCTCAGGCCAATCAAGTTCCACAGAATGTGCTGAGTCTGCTTCGA
TAA GCTCTAGACCCGGGCTGCA).

Macrophage infiltration
[0167] Experiments were performed on high grade gliomas in mice to examine

macrophage infiltration. Shown in Figure 1A are normal cells, Grade 1 glioma, Grade 2
glioma, Grade 3 glioma, Grade 4 glioma, and Meningloma. As shown in Figures 1A -1D, the

high grade gliomas have significant macrophage infiltration.

Mouse macrophages recruited to U87 tumors
[0168] An 8 week old NSG mouse was intracranially injected with 200,000 U87

tumor cells. 28 days later, the brain was harvested, fixed embedded in paraffin in coronal
orientation. A 5 pm section was stained with rat antiF4/80 (Sigma) at 1:100 followed by goat
anti-rat-HRP (Life technologies), and detected using tyramide signal amplification -
Alexa488. Slide was imaged by tiling 10x1720 x images with a Nikon Eclipse Ci. Illustrated
in Figure 2 is a stained slide showing the mouse macrophages recruited to the engrafted U87

tumors.

HILA-DR+ macrophages successfully transduced with VPX-containing lentivirus
[0169] CD14+ cells were isolated from normal human PBMCs and treated with

25 nm/ml M-CSF for 6 days. The resulting monocyte-derived macrophages (MDMs) were
transduced with a GFP reporter lentivirus (pLenti-CMV-eGFP) containing Vpx at 0, 88, 220
and 308 lentiviral (LV) particles per cell. On day 13, MDMs were harvested with trypsin,
stained with anti-HLA-DR-PE Cy7 and analyzed for GFP expression by flow cytometry.
Shown in Figure 3, are the results of the flow cytometry in which the MDMs were analyzed
in which they had 0, 88, 220 or 308 LV particles per cell.

-123-



WO 2017/044487 PCT/US2016/050552

MDMs transduced with a lentivirus encoding GFP and firefly luciferase persist in a mouse
model of GBM
[0170] MDMs were transduced with a GFP and luciferase-encoding lentivirus

and evaluated for expression of GFP by flow cytometry 30 days later (Figure 4A). Shown in
Figure 4B, are the results of NSG mice intracranially injected with 2x10° wild-type U87
cells on Day 0. Background luminescence was measured at Day 6. On Day 7 post U87
injection, 1.44x105 luciferase expressing GEMs (65.5% GFP + from Panel A) were injected,
and images collected twice weekly. Figures 4B and 4C show Longitudinal GEM
luminescence signals.

[0171] Several lentiviral constructs used in other experiments are shown in

Figure S.

TGFBRII expression in MDMs and signaling inhibition
[0172] The vector for TGFBRII expression in MDMs shown in Figure S5 was

used to transfect an immune cell. Shown in Figure 6A, in the top panel, are macrophages
derived from primary monocytes using GM-CSF and stained with antibodies to HLA-DR-
PE-Cy7 and TGFBRII-488 and analyzed by FCM. (Bottom panel, Figure 6C). MFI of HLA-
DR + cells (-98% of the population). As shown in Figure 6B, 293Ts expressing a SBE
(SMAD binding element) luciferase reporter and/or dnTGFBRII were treated with 1ng/mL
TGFp1 for 3 hours.

PD-1/IFNu fusion protein expression in genetically modified immune cells
[0173] The vector shown in Figure S for PD-1/IFNa fusion protein expression in

MDMs was used to transfect an immune cell. As shown in Figure 7A, transduced H9 cells
secrete PD-1/IFNa fusion protein (PIFP). Supernatant from parental or PD1:IFNa-transduced
H9 cells was concentrated, electrophoresed and Western blotted, using monoclonal
antibodies to either a 2A tag, which is retained by the IFNa protein (left, 1:5000), or PD1
(right, 1:250). Shown in Figure 7B are Parental or PD1: IFNa -transduced HO cells cultured
with Brefeldin A, fixed and permeablized, and an intracellular stain performed with
fluorophore-conjugated antibodies. Cells were analyzed by FCM for anti- IFNao (left) and
anti-PD1 (right).

-124-



WO 2017/044487 PCT/US2016/050552

VPX Virus Production
[0174] As shown in Figure 8, plasmids encoding lentiviral packaging

components (gag-pol, vsv-g, and rev), the transgene of interest (pink) in the epHIV7
lentiviral backbone, and the factor allowing myeloid cell transduction, Vpx, were co-
transfected into the 293 T-cellline. 72 hours after transfection, virions packaged to include the
Vpx protein were purified from the 293 T culture supernatant. Vpx-containing virus was used
to infect myelomonocytic cells (MMCs- primary, human monocytes or in vitro differentiated
macrophages). Vpx-mediated degradation of SAMHDI, a restriction factor expressed by
MMCs inactivates viral reverse transcriptase as allows stable gene integration and expression
as previously described. Lentivirus vectors packaged with the Vpx protein lead allow stable

transfection of myeloid cells.

Infection strategies
[0175] MMCs, including both primary, human peripheral blood monocytes and

monocyte-derived macrophages can be infected with lentivirus. As shown in Figure 10A, in
the first protocol, CD14+ monocytes are isolated by magnetic separation of peripheral blood
mononuclear cells (PBMCs), followed by differentiation to a pro-inflammatory phenotype by
culture with 10 ng/mL granulocyte-macrophage colony stimulating factor (GM-CSF), or an
anti-inflammatory phenotype with 25 ng/mL macrophage colony stimulating factor (M-CSF).
After 7 days of differentiation, macrophages were infected with Vpx-containing lentivirus,
and used for experiments after transgene is being stably expressed one week later. By 7 days
post-infection (14 days after CD14+ isolation), greater than 95% of macrophages are positive
for transgene expression. As shown in Figure 10B, CD14+ monocytes were isolated from
PBMCs and infected with Vpx-containing lentivirus the same day, followed by
differentiation with GM-CSF or M-CSF for 7 days, when greater than 95% of macrophages

are positive for transgene expression.

GM-CSF Differentiation
[0176] Packaging of lentivirus with Vpx is required for successful infection of

GM-CSF-derived macrophages. Macrophages or monocytes were infected with no virus,
GFP-lentivirus packaged without Vpx, or GFP-lentivirus packaged with Vpx, then assayed
by flow cytometry for co-expression of GFP and HLA-DR (Figure 11A) or CD11b (Figure
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11B) at the time points indicated to the right of the plots, which show infection of MMCs-

monocytes (Day 0 infection) and macrophages (Day 7 infection).

M-CSF Differentiation Plots
[0177] Packaging of lentivirus with Vpx is required for successful infection of M-

CSF-derived macrophages. Macrophages were infected on Day 7 after CD14+ isolation with
no virus, GFP-lentivirus packaged without Vpx, or GFP-lentivirus packaged with Vpx, then
assayed by flow cytometry at Day 21 for co-expression of GFP and HLA-DR (Figure 12A)
or CD11b (Figure 12B).

Isolation of CD14+ monocytes from peripheral blood mononuclear cells (PBMCs)
[0178] Healthy donor whole blood and apheresis product was acquired from

Bloodworks Northwest (Seattle Children’s Research Institute IRB# 14412). PBMCs were

isolated with a Ficoll-Paque density gradient (GE Healthcare) using standard protocols®.
CD14+ monocytes were purified from PBMCs with the EasySep Human CD14 Positive
Selection Kit (Stemcell Technologies) according to manufacturer’s protocols (Noble PB,
Cutts JH. Separation of blood leukocytes by Ficoll gradient. Can Vet J 1967;8:110-111;

incorporated by reference in its entirety herein).

Macrophage differentiation
[0179] Isolated CD14+ monocytes were plated in macrophage media (RPMI1640

medium (Gibco) supplemented with 10% FBS (Hyclone)) on tissue culture-treated plastic
dishes (Corning) at a density not exceeding 250,000 cells/cm” in the presence of either 25
ng/mL M-CSF or 10 ng/mL GM-CSF (R&D Systems) at 37 °C, 5% CO,. 72 hours after
plating, half the medium was replaced with fresh macrophage media supplemented with M-
or GM-CSF or GM-CSF at final concentrations of 25 and 10ng/ml, respectively. Monocytes
were considered fully differentiated to macrophages six days after isolation, and could be

replated as necessary following detachment with 0.25% trypsin (Gibco) and gentle scraping.

Dendritic cell differentiation
[0180] Isolated CD14+ monocytes were differentiated to dendritic cells (DCs)

following the protocol of Spadaro et al (Spadaro M, Montone M, Arigoni M et al.
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Recombinant human lactoferrin induces human and mouse dendritic cell maturation via Toll-
like receptors 2 and 4. FASEB J 2014;28:416-429; incorporated by reference in its entirety
herein). Briefly, CD14+ cells were plated in RPMI-1640 supplemented with 10% FBS, 100
ng/mL. GM-CSF, and 50 ng/mL IL-4 (R&D Systems). Media was replaced and fresh
cytokines added 72 hours later.

Lentiviral vectors
[0181] Unless otherwise stated, all constructs utilized the epHIV7 or epHIV7.2

lentiviral backbones, gifts of Dr. Michael Jensen (Seattle Children’s Research Institute). In
epHIV7 the CMV promoter of pHIV7 (Yam PY, Li S, Wu J et al. Design of HIV vectors for
efficient gene delivery into human hematopoietic cells. Mol Ther 2002;5:479-484;
incorporated by referenced in its entirety herein) has been replaced with the EFla promoter.
For epHIV7.2 the EFla promoter has been replaced with a minimal EFla (lacking the
HTLV-1 domain) and the gene for ampicillin resistance has been exchanged for kanamycin
resistance. The green fluorescent protein-firefly luciferase (GFP-ffluc) fusion protein has
been previously described (Brown CE, Starr R, Martinez C ef al. Recognition and killing of
brain tumor stem-like initiating cells by CD8+ cytolytic T cells. Cancer Res 2009;69:8886-
8893; incorporated by referenced in its entirety herein). GFP-ffluc in the epHIV7 backbone
was a gift from Dr. Michael Jensen. The green fluorescent protein-firefly luciferase (GFP-
ffluc) fusion protein is encoded by a sequence set forth in SEQ ID NO: 29
(atggaggatgccaagaatattaagaaaggccctgecccattctacectctggaagatggcactgetggtgageaactgcacaaggc

catgaagaggtatgccctggteectggeaccattgecttcactgatgetcacattgaggtggacatcacctatgetgaatactttgagatg
tctgtgagoctggcagaagecatgaaaagatatggactgaacaccaaccacaggattgtggtotgctctgagaactctcteccagttett

catgcctgtgttaggagecctgttcattggagtggctgtggccectgecaatgacatctacaatgagagagagcetectgaacageatgg
gcatcagccagcecaactgtggtctttgtgagcaagaagggcectgcaaaagatecctgaatgtgcagaagaagetgeccatcatccaga

agatcatcatcatggacagcaagactgactaccagggcttccagagceatgtatacctttgtgaccagecacttacceectggcttcaatg
agtatgactttgtgcctgagagcetttgacagggacaagaccattgetctgattatgaacagetctggetecactggactgeccaaaggtyg
tggctetgecccacagaactgettgtgtgagattcagecatgecagagaccccatctttggcaaccagatcatcectgacactgecate

ctgtetgtggtteccattccatcatggetttggcatgttcacaacactggggtacctgatctgtggcttcagagtggtgctgatgtataggttt

gaggaggagctgotttctgaggagcctacaagactacaagatccagtetgecctgetggtgcccactetgttcagettetttgecaagag

caccctcattgacaagtatgacctgagcaacctgcatgagattgcctetggaggageaccectgagcaaggaggtgootgagoctot
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ggcaaagaggttccatcteccaggaatcagacagggctatggcctgactgagaccacctetgecatectcatcaccectgaaggaga
tgacaagcectggtoctgtgggcaaggtggtteccttttitgaggccaaggtggteggacctggacactggcaagaccctgggagtoaa
ccagaggggtgagctgtgtotgaggoootecccatgatcatgtetggetatgtgaacaaccetgaggecaccaatgecectgattgacaag
gatggctggctgcactctggtgacattgectactgggatgaggatgageactttttcattgtggacaggctgaagagectcatcaagtac
aaaggctaccaagtggcacctgctgagectagagageatcctgeteccageaccccaacatctttgatgetggtotogoctggcctgectg
atgatgatgctggagagctgcctgetgctgtigtggtictggagcatggaaagaccatgactgagaaggagattgtggactatgtggec
agtcaggtgaccactgccaagaagcetgagggoagototoototitotooatgagotoccaaagggtctgactggcaagetggatgc
cagaaagatcagagagatcctgatcaaggccaagaagggtggcaaa). EGFP:ffluc-T2A-CD19t is encoded by a
sequence set forth in SEQ ID NO: 34
(atggaggatgccaagaatattaagaaaggccctgecccattctacectctggaagatggcactgetggtgageaactgcacaaggc
catgaagaggtatgccctggtecctggceaccattgecttcactgatgetcacattgaggtggacatcacctatgetgaatactttgagatg
tctgtgagoctggcagaagecatgaaaagatatggactgaacaccaaccacaggattgtgototoctctgagaactctetecagttcett
catgcctgtgttaggagecctgttcattggagtggctgtggecectgecaatgacatctacaatgagagagagcetectgaacageatgg
gcatcagccagcecaactgtggtcetttgtgagcaagaagggcectgcaaaagatecctgaatgtgcagaagaagetgeccatcateccaga
agatcatcatcatggacagcaagactgactaccagggcttccagagceatgtatacctttgtgaccagecacttacceectggcttcaatg
agtatgactttgtgcctgagagcetttgacagggacaagaccattgetctgattatgaacagetctggetecactggactgeccaaaggtyg
tggctetgecccacagaactgettgtgtgagattcagecatgecagagaccccatctttggcaaccagatcatcectgacactgecate
ctgtetgtggtteccattccatcatggetttggcatgttcacaacactggggtacctgatctgtggcttcagagtggtgctgatgtataggttt
gaggaggagctgotttctgaggagcctacaagactacaagatccagtetgecctgetggtgcccactetgttcagettetttgecaagag
caccctcattgacaagtatgacctgagcaacctgcatgagattgcctetggaggageaccectgagcaaggaggtgootgagoctot
ggcaaagaggttccatctecccaggaatcagacagggctatggcctgactgagaccacctetgecatectcatcaccectgaaggaga
tgacaagcectggtoctgtgggcaaggtggtteccttttitgaggccaaggtggteggacctggacactggcaagaccctgggagtoaa
ccagaggggtgagctgtototgaggoootecccatgatcatgtetggetatgtgaacaaccetgaggecaccaatgecectgattgacaag
gatggctggctgcactctggtgacattgectactgggatgaggatgageactttttcattgtggacaggctgaagagectcatcaagtac
aaaggctaccaagtggcacctgctgagectagagageatcctgeteccageaccccaacatctttgatgetggtotogoctggcctgectg
atgatgatgctggagagctgcctgetgctgtigtggtictggagcatggaaagaccatgactgagaaggagattgtgoactatgtggec
agtcaggtgaccactgccaagaagcetgaggggagototoototitotooatgagotoccaaagggtctgactggcaagetggatgc
cagaaagatcagagagatcctgatcaaggccaagaagggteggcaaaGgeggeggagagggcagaggaagtcttctaacatgeg
gtgacgtggaggagaatccecggecctaggatgccacctectegectectcettcttecteetettectcaccececatggaagtcaggecce
gaggaacctctagtggtgaaggtoggaagagggagataacgetgtgctgcagtgectcaaggggacctcagatggecccactcage
agctgacctggtctcgggagtececcgettaaacccttcttaaaactcagectggggoctgecaggcectgggaatecacatgaggcececct
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ggccatctggcttttcatcttcaacgtctctcaacagatggggggcttct). The epHIV7.2 lentiviral vector and
epHIV7.GFP-ffluc, dnTGFBRII-t2a-Her2tg, and sTGFBRII-t2a-Her2tg were kind gifts from
Dr. Michael Jensen. T2A-sTGFBRII is encoded by a sequence set forth in SEQ ID NO: 32
(Ggcggcggagagggcagaggaagtcttctaacatgeggteacgtggaggagaatcccggecctaggatgggtegggggactgct
caggggocctgtggccgetgcacatcgtectgtggacgegtatcgecageacgateccaccgeacgttcagaagteggttaataacga
catgatagtcactgacaacaacggtgcagtcaagtttccacaactgtgtaaattttgtgatgtgagattttccacctgtgacaaccagaaa

tcetgeatgagceaactgcagceatcaccteccatetgtgagaagecacaggaagtetgtgtogctgtatggagaaagaatgacgagaac

ataacactagagacagtttgccatgaccccaageteccctaccatgactttattctggaagatgctgcettctccaaagtgcattatgaagg
agaagaaaaagcctggtoagactttcttcatgtgttcetgtagetctgatgagtgcaatgacaacatcatettctcagaagaatataacac

cagcaatcctgacttgttgctagtcatatttcaatga). The mCherry construct was created by Gibson cloning
into Nhel/Notl of HIV7.2. To generate the soluble transforming growth factor B receptor II
(sTPRII) construct described previously (Rowland-Goldsmith MA, Maruyama H, Kusama T
et al. Soluble type II transforming growth factor-beta (TGF-beta) receptor inhibits TGF-beta
signaling in COLO-357 pancreatic cancer cells in vitro and attenuates tumor formation. Clin
Cancer Res 2001;7:2931-2940.; incorporated by reference in its entirety herein) the
extracellular portion of human TGFPRII isoform A (aa 1-159; NCBI accession #
NP_001020018.1) was cloned into the Nhel/Notl sites of epHIV7.2. The truncated CD19
(CD19%t) (Sato S, Miller AS, Howard MC et al. Regulation of B lymphocyte development
and activation by the CD19/CD21/CD81/Leu 13 complex requires the cytoplasmic domain of
CD19. J Immunol 1997;159:3278-3287; incorporated by reference in its entirety herein) was
inserted by Gibson cloning upstream of the sTPRII gene, separated by a T2A sequence. The
IL-21 plasmid was purchased from Origene (plasmid RC215235, containing the coding
sequence of NCBI RefSeq NM 021803) and cloned into Nhel/Notl of epHIV7.2. CD1%t
(Sato S, Miller AS, Howard MC et al. Regulation of B lymphocyte development and
activation by the CD19/CD21/CD81/Leu 13 complex requires the cytoplasmic domain of
CD19. J Immunol 1997;159:3278-3287; incorporated by reference in its entirety herein) was
inserted by Gibson cloning downstream of the IL-21 gene, separated by a T2A sequence. The
IL-21-T2A sequence (SEQ ID NO: 16;
Gccaccatgagatccagtectggcaacatggagaggattgtcatctgtetgatggteatcttettggggacactggtccacaaatcaag
ctcccaaggtcaagatcgecacatgattagaatgegtcaacttatagatattgttgatcagetgaaaaattatgtgaatgacttggtecctg
aatttctgccagetccagaagatgtagagacaaactgtgagtggtecagctttttcctgetttcagaaggeccaactaaagtcagcaaata
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caggaaacaatgaaaggataatcaatgtatcaattaaaaagctgaagaggaaaccaccttccacaaatgcagggagaagacagaaa
cacagactaacatgcccttcatgtgattcttatgagaaaaaaccacccaaagaattcctagaaagattcaaatcacttctccaaaagatg
attcatcagcatctgtcctctagaacacacggaagtgaagattce) was closed with the forward primer, SEQ ID
NO: 14 (ccgecagaacacagcetggctagegecaccatgagatccagtectggcaac) and the reverse primer, SEQ
ID NO: 15 (tgtcaccaggagaagcatcctagggccgggattcte). Cells can also be manufactured to
express an EGFRt-P2A-soluble VEGF receptor (encoded by a sequence set forth in SEQ ID
NO: 28). The LentiCRISPRv2 vector was a gift from Feng Zhang (Addgene plasmid #
52961), and guide sequences for IL-10 (TGTTGCCTGGTCCTCCTGAC (SEQ ID NO: 1))
and PD-L1 (TCCAGATGACTTCGGCCTTG (SEQ ID NO: 2)) were inserted into the
BsmBl1 site using standard protocols (Sanjana NE, Shalem O, Zhang F. Improved vectors and
genome-wide libraries for CRISPR screening. Nat Methods 2014;11:783-784 and Shalem O,
Sanjana NE, Hartenian E et al. Genome-scale CRISPR-Cas9 knockout screening in human
cells. Science 2014;343:84-87; both references incorporated in their entireties herein). The
truncated epidermal growth factor receptor (EGFRt) (Wang X, Chang WC, Wong CW et al.
A transgene-encoded cell surface polypeptide for selection, in vivo tracking, and ablation of
engineered cells. Blood 2011;118:1255-1263; incorporated by reference in its entirety herein)
epitope tag was inserted to replace the puromycin resistance sequence. To generate soluble
TGFPRII (sTGFBRII) construct, the extracellular portion of human TGFBRII isoform A (aa
1-166; NCBI accession # NP_001020018.1) was purchased from Gen9 and cloned into the
Nhel/Notl sites of epHIV7.2. The IL-21 plasmid was purchased from Origene (plasmid
RC215235, containing the coding sequence of NCBI RefSeq NM_021803) and cloned into
Nhel/Notl of epHIV7.2.

Lentivirus production
[0182] All viral preparation was conducted in a BSL-2 laminar flow hood. pcVpx

and pMDL-X were kind gifts of the Landau lab (Bobadilla, Gene Therapy 2013) (Bobadilla
S, Sunseri N, Landau NR. Efficient transduction of myeloid cells by an HIV-1-derived

lentiviral vector that packages the Vpx accessory protein. Gene Ther 2013;20:514-520;
incorporated by reference in its entirety herein). RSV-Rev was purchased from Addgene
(plasmid # 12253). pCMV-G was a gift from Dr. Michael Jensen (Yee JK, Miyanohara A,
LaPorte P et al. A general method for the generation of high-titer, pantropic retroviral

vectors: highly efficient infection of primary hepatocytes. Proc Natl Acad Sci U S A
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1994;91:9564-9568; incorporated by reference in its entirety herein). 293T cells were
purchased from ATCC (CRL-3216), and used at below passage 20. 293T cells were plated at
107 cells per 15 cm dish in 293T media (DMEM supplemented with 10 mM HEPES and 1%
Glutamax (Gibco) and 10% FBS). After overnight growth, each plate was transfected with
pcVpx (4.6 pg), pMDL-X (13.5 ug), RSV-Rev (6.8 pg), pPCMV-G (9.5 pg), and the transgene
vector (37.8 ug) using the CalPhos Mammalian Transfection Kit (Clontech). After 16 hours,
media was changed to fresh 293T media. Virus-containing supernatant was collected at 48
hours, followed by filtration with a 0.45 um filter to remove debris and ultracentrifugation at
108,000 x g in a Beckman Coulter Optima L-90K ultracentrifuge using the SW-28 rotor for
90 minutes at 4C. The viral pellet was resuspended in serum-free DMEM and the
concentration of intact lentiviral particles (LP) was determined by the Quick Titer Lentivirus

titer kit, an ELISA for lentivirus associated p24 (Cell Biolabs).

High MOI transduction of partially differentiated macrophages and DCs
[0183] To determine the titering units (TU) per mL of lentivirus packaged with or

without Vpx, H9 cells were transduced with a range of concentrations of virus encoding
GFP-ffluc and analyzed by flow cytometry. TU/mL= (# of HO cells at time of transduction)
X (proportion of GFP positive cells) / (volume of virus added (mL)). This value was used to
determine MOI for infection of dendritic cells or macrophages at day 3 of differentiation
(Breckpot K, Dullaers M, Bonehill A ef al. Lentivirally transduced dendritic cells as a tool
for cancer immunotherapy. J Gene Med 2003;5:654-667; incorporated by reference in its
entirety herein). Virus was added with fresh media and cytokines as above. Protamine sulfate

(100 ug/mL) was added to enhance transduction by lentivirus packaged without Vpx.

Lentiviral infection of monocytes or macrophages
[0184] Freshly isolated monocytes or differentiated macrophages were infected

with 20-1000 LP/cell in macrophage media (supplemented with M- or GM-CSF as
appropriate for concurrent differentiation of monocytes). Media was refreshed every three

days.

U87 cell culture
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[0185] The wild-type U87 glioma cell line was purchased from ATCC (HTB-14).
U87 cells stably transduced with epHIV7:GFP-ffluc were a gift from Dr. Michael Jensen’s
lab. All U87s were cultured in DMEM supplemented with 1% Glutamax and 10% FBS at
37°C, 5% CO2, and passaged prior to the formation of neurospheres. GFP-ffluc-expressing
U87s were not used for more than five passages, and GFP expression was verified using

fluorescent microscopy before use.

Lentiviral copy number assay
[0186] To determine the number of lentiviral integrations per cell, CD14+ cells

were transduced on day O of differentiation, or after 7 days of differentiation in 10ng/mL
GM-CSF, with 100 or 250 LP/cell encoding GFP-ffluc. On day 10 of differentiation,
genomic DNA was isolated using the Qiagen DNA Mini Kit. qPCR for WPRE and the
albumin gene on the BioRad CFX96 Real Time System using 2X Power SYBR Green
Master Mix (Thermo Fisher). Picograms of lentiviral (WPRE) and genomic DNA (albumin)
was determined by comparing Cq values to those obtained from respective standard curves of
known concentrations of plasmid DNA. Viral integrations per cell = 2 X (pg WPRE)/(pg
ALB).

[0187]  WPRE-QF: ACTGTGTTTGCTGACGCAACCC (SEQ ID NO: 8)

[0188] WPRE-QR: CAACACCACGGAATTGTCAGTGCC (SEQ ID NO: 9)

[0189] ALB-QF: TGAAACATACGTTCCCAAAGAGTTT (SEQ ID NO: 10)

[0190] ALB-QR: CTCTCCTTCTCAGAAAGTGTGCATAT (SEQ ID NO: 11).

Flow Cytometry
[0191] GEMs were harvested for flow cytometry by treatment with Versene

(Gibco) followed by gentle scraping. Detached cells were treated with Fc Block (BD
Biosciences) to eliminate non-specific antibody binding, stained with fluorophore-conjugated
antibodies, fixed with 2% paraformaldehyde, and run on a BD LSR Fortessa flow cytometer
with FACS DIVA software. Analysis was performed with FlowJo for Mac, v10 (Treestar).
Anti-human antibodies included CD16-V500, CD163-Alexa647, and CD80-BV786 (BD
Biosciences), and CDI11b-APC-Cy7, CD19-APC, HLA-DR-BV605 or HLA-DR-APC,
CD45-BV785, and PD-L1-PECy7 (Biolegend), as well as the Live/Dead fixable blue stain
(Thermo Fisher). Erbitux (Bristol-Myers Squibb) was biotinylated using the EZ-link
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biotinylation kit (Thermo Scientific) and used in conjunction with streptavidin-FITC
(Biolegend).

[0192] The immunohistochemistry results are shown in Figure 21. Shown in
Figure 21A is the representative section from a mouse injected with U87 only and mock
injected with PBS 5 days later. Shown in Figure 21B is the representative section from a

mouse injected with U87 cells, and 5 days later with CD45 expressing GEMs.

Viral induced cytokine production
[0193] CD14+ monocytes were isolated from healthy donor PBMCs and

transduced with 0 or 250 LP/cell mCherry Vpx+ lentivirus and differentiated in GM-CSF for

7 days. Following 24 hours of conditioning, media was collected at a ratio of ImL per
500,000 cells at 24 hours and 7 days post-transduction. Media samples were then used
undiluted on a Luminex kit that included IL-12 (p40/p70), TNF, and IFNo (Life

Technologies).
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Surveyor Assay
[0194] GM-CSF-differentiated macrophages were infected with 1000 LP/cell

Vpx+ LentiCRISPRv2 virus containing control (no gRNA), IL-10 gRNA, or PD-L1 gRNA.

After 5 days in culture, genomic DNA was isolated using the DNeasy Kit (Qiagen) following
manufacturer’s protocols. Genomic regions surrounding the Cas9-cleaved sites were PCR
amplified with the following primer sets, and the Surveyor Assay (Integrated DNA
Technologies) carried out according to the manufacturer’s protocol.
[0195] IL-10 PCR primers:
[0196] F: 5’>-AGAGAGGTAGCCCATCCTAAAAATAGCTG, (SEQ ID NO: 3)
[0197] R:5- GCAGGTTTCCTGCACATTTACTGTATCA. (SEQ ID NO: 4)
[0198] PD-L1 PCR primers:
[0199] F: 5°- TTGAATTGAATTGAGGCAGAGCTAGCAG, (SEQ ID NO: 5)
[0200] R: 5’- ATATGGTTTGGATGAATGGAGGTGAGGA. (SEQ ID NO: 6)

Validation of PD-L1 expression downregulation
[0201] GM-CSF-differentiated macrophages were infected with 1000 LP/cell

Vpx+ LentiCRISPRv2-EGFRt virus containing control (no gRNA) or PD-L1 gRNA. After 6

days in culture, GEMs were stimulated with 100 ng/mL lipopolysaccharide (LPS) and 20
ng/mL interferon gamma (IFNy) for 24 hours, and stained for flow cytometry with anti-PD-
L1 and Erbitux to determine transduction efficiency based on expression of the epitope tag

EGFRt.

Validation of IL.-10 expression downregulation
[0202] GM-CSF-differentiated macrophages were infected with 1000 LP/cell

Vpx+ LentiCRISPRv2:EGFRt virus containing control (no gRNA) or IL-10 gRNA. After 6
days in culture, GEMs were stimulated with 100 ng/mL LPS and 20 ng/mL IFNy for 24

hours at ImL / 500,000 cells. Conditioned media was collected and used undiluted for Bio-
Rad’s IL-10 BioPlex Pro Assay on a Bio-Plex 200 instrument. Cells were stained for flow
cytometry with Erbitux to determine transduction efficiency based on expression of the

epitope tag EGFRt.
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Validation of soluble TGFBRII expression
[0203] To verify the expression of sTPRII, GM-CSF-differentiated macrophages

were transduced on day 7 with 250 LP/cell of lentivirus encoding CD19t-T2A-sTBRII (SEQ
1D NO: 33;

>

Atgccacctectegectectcttettectectettcctcacceccatggaagtcaggcccgaggaacctetagtggtgaaggtegaaga
gggagataacgctgtgctgcagtgcctcaaggggacctcagatggecccactcageagetgaccetggtetecgggagteccegettaa
acccttcttaaaactcagectggggctgecaggectgggaateccacatgaggeccctggecatetggcttttcatcttcaacgtctetea
acagatgggggocttctacctgtgecagecggggcecccecctetgagaaggectggcagectggctggacagtcaatgtggaggooc
agcggggagctgticcggtggaatgtitcggacctaggtgocctgggctgtggcctgaagaacaggtectcagagggcccecagete
cccttecgggaagetcatgagecccaagetgtatgtgtoooccaaagaccgecctgagatctgggagggagagectecgtgtotee
caccgagggacagectgaaccagagectcagecaggacctecaccatggececctggetccacactetggetgtectgtgggogtacee
Cctgactctgtgtccaggggccecctctectggacceatgtgcaccccaaggggcectaagtcattgctgagectagagetgaaggac
gatcgcceggcecagagatatgtggotaatggagacgggtetgtigttoccccgggecacagetcaagacgetggaaagtattattgte
accgtggcaacctgaccatgtcattccacctggagatcactgetcggecagtactatggcactggctgetgaggactggtggctggaa
gotctcagcetgtgactttggcttatctgatettetgectgtgttcecttgtgggocattcttcatcttcaaagagecctggtectgaggaggaa
aagataa(Ggcggcggagagggcagaggaagtctictaacatgcggtgacgtggaggagaatcccggecctaggatgggtcggg
goctgctcaggggcctgtggccgcetgcacategtectgtggacgegtatcgecageacgatcecaccgeacgttcagaagtecggtta
ataacgacatgatagtcactgacaacaacggtgcagtcaagtttccacaactgtgtaaattttgtgatgtoagattttccacctgtgacaa
ccagaaatcctgcatgagcaactgcagceatcacctecatctgtgagaagecacaggaagtetgtgtggctgtatggagaaagaatga
cgagaacataacactagagacagtttgccatgaccccaagcetcecectaccatgactttattctggaagatgctgettctccaaagtgeatt
atgaaggagaagaaaaagcctggtgagactticttcatgtgticctgtagetctgatgagtgcaatgacaacatcatcttctcagaagaat
ataacaccagcaatcctgacttgttgctagtcatatttcaatga) or CD19t vector control. Media was collected
following 24 hours of conditioning in 1 mL/500,000 cells on days 5, 6, and 7 post-
transduction. Secreted protein was detected by the human TGFBRII DuoSet ELISA (R&D
Systems). T2A-CD19t is encoded by a sequence set forth in SEQ ID NO: 30
(Ggcggcggagagggcagaggaagtcttctaacatgcggtgacgtggaggagaatcccggecctaggatgecacctectegecte
ctettettectectettectcacccccatggaagtcaggeccgaggaacctetagtggtoaaggotggaagagggagataacgetgtoct
gcagtgectcaaggggacctcagatggccccactcageagetgacctggtetegggagtececccgettaaaccettettaaaactcage
ctggggoctgecaggectgggaatccacatgaggeccctggecatetggcttttcatettcaacgtetctcaacagatggggooocttcta

cctgtgeccagecggggceccecctetgagaaggectggecagectggctggacagtcaatgtggaggoocageggggagetgttcegg
tggaatgtttcggacctaggtggcctgggctgtggcctgaagaacaggtectcagagggcecccagetecccttccgggaagetcatg
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agccccaagctgtatgtogtoooccaaagaccgecctgagatetgggaggooagagecteegtgtgtceccaccgagggacagectga
accagagcctcagccaggacctcaccatggeccetggetecacactetggetgtectgtggggataceecctgactetgtgteccaggg
gceecctetectggacceatgtgeaccccaaggggcctaagtcattgetgagectagagetgaaggacgatcgeccggecagagat
atgtgootaatggagacgggtctgttgttgccecgggccacagetcaagacgetggaaagtattattgtcaccgtggeaacctgacca
tgtcattccacctggagatcactgetcggecagtactatggecactggetgetgaggactggtggctggaaggtetcagetgtgactttg
gcttatctgatcttctgectgtgtteccttgtgggcattcttcatcttcaaagagecctggtectgaggaggaaaagataa). The
CD19t epitope tag i1s encoded by a sequence set forth in SEQ ID NO: 31
(Atgccacctectegectectettettectectettectcacceccatggaagtcaggeccgaggaacctetagtggtgaaggtogaag
agggagataacgctgtgctgcagtgcctcaaggggacctcagatggecccactcagecagetgacctggtetcgggagteceegetta
aacccttcttaaaactcagectggggctgecaggectgggaatccacatgaggeccctggecatetggettttcatettcaacgtcetete
aacagatggggooocttctacctgtgccagecggggceccccctetgagaaggectggcagectggetggacagtcaatgtggagog
cagcggggoagctgttccggtogaatgtttcggacctaggtggcctgggoctgtggcctgaagaacaggtectcagagggccccaget
ccecttecgggaagcetcatgagecccaagetgtatgtgtgogoccaaagaccgecctgagatetgggagosagagectecgtgtgote
ccaccgagggacagcectgaaccagagectcagecaggacctcaccatggeccctggetecacactetggetgtectgtgggootace
ccctgactetgtgtecaggggccccctetectggacceatgtgcaccccaaggggcectaagtecattgetgagectagagetgaagga
cgatcgcccggecagagatatgtgootaatggagacgggtetgttgttgcccegggecacagetcaagacgetggaaagtattattgt
caccgtggcaacctgaccatgtcattccacctggagatcactgetcggecagtactatggeactggetgctgaggactggtgoctgga
aggtctcagcetgtgactttggcttatctgatetictgectgtgtteccttgtgggcattettcatcttcaaagagecctggtectgaggagga
aaagataa).

Validation of IL.-10 expression
[0204] GM-CSF-differentiated macrophages were infected with 1000 LP/cell

Vpx+ LentiCRISPRv2 virus containing control (no gRNA) or IL-10 gRNA. Monocytes were
also infected with 1000 LP/cell and differentiated with GM-CSF concurrently. After 6 days

in culture, GEMs were replated to include equal cell numbers (100,000 — 200,000 per well of
a 24 well plate) and stimulated with 100 ng/mL. LPS and 20 ng/mL IFNy for 48 hours.
Conditioned media was collected and used undiluted for Bio-Rad’s IL-10 BioPlex Pro Assay

on a B1o-Plex 200 instrument.

IL-10 Bioplex Assay
[0205] GM-CSF-differentiated macrophages were infected with 1000 LP/cell

Vpx+ lentiCRISPRv2 virus containing control (no gRNA) or IL-10 gRNA. Monocytes were
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also infected with 1000 LP/cell and differentiated concurrently. After 6 days in culture,
GEMs were replated to include equal cell numbers (100,000 — 200,000 per well of a 24 well
plate) and stimulated with 100 ng/mL LPS/20 ng/mL IFNy for 48 hours. Conditioned media
was collected and used undiluted for Bio-Rad’s IL-10 BioPlex Pro Assay on a Bio-Plex 200

mstrument.

Validation of sTGFBRII expression
[0206] The TGFBRII construct and the IL-21 plasmid were cloned in to the

HIV7.2 backbone previously described. Soluble TGF receptor or IL-21 expression was
detected in GEM-conditioned media that was collected in 24 hour intervals using the TGFBR
duoset kit DY241 (R&D) or the IL-21 Bioplex pro kit (Biorad), respectively. For these
assays, GM-CSF derived macrophages were transduced on Day 7 of differentiation.

[0207] To wverify the expression of soluble TGFB receptor, GM-CSF-
differentiated macrophages seeded on day 6 in 700 uL at 500,000 cells per well in a 12 well
plate. Cells were transduced on day 7 with 250 or 500 LP/cell of lentivirus encoding
sTGFBRII. Media was collected following 24 hours of conditioning on days 2, 5, 12, and 15-
post-transduction. Secreted protein was detected by the human TGFBRII DuoSet ELISA
(R&D).

Validation of IL.-21 Expression
[0208] In some alternatives, to verify the expression of IL-21, GM-CSF-

differentiated macrophages were transduced on day 7 with 250 LP/cell of lentivirus encoding
IL-21-T2A-CD19t or CD195t vector control. Media was collected 7 days post-transduction
(day 14 of differentiation) following 24 hours of conditioning in 1 mL/500,000 cells. IL-21
secretion was detected using the BioPlex Pro assay (Bio-Rad).

[0209] In some alternatives, to verify the expression of IL-21, GM-CSF-
differentiated macrophages were seeded on day 6 following isolation and differentiated in
500 uL of macrophage media at 200,000 cells per well in a 24 well plate. Cells were
transduced on day 7 with 1000 LP/cell of lentivirus encoding IL- 21 and media was collected
6 days post-transduction (day 13 of differentiation) following 24 hours of conditioning. IL-21

secretion was detected using the BioPlex Pro assay (Bio-Rad).
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Co-infections with epHIV7.2 and LentiCRISPRv2 Vpx+ lentivirus
[0210] GM-CSF differentiated macrophages were infected with 250 LP/cell

epHIV7.2:CD19t vector control (SEQ ID NO: 12), CD1%t-T2A-sTBRII, or IL-21-T2A-
CD19t virus concurrently with 1000 LP/cell lentiCRISPRv2:EGFRt vector control, PD-
L1gRNA-EGFRt, or IL-10gRNA-EGFRt virus. Flow cytometry for epitope tags was used to

determine the percent of cells double positive, and assays performed for each factor as above.

Detection of LPS/TFNy-induced factors
[0211] To determine the longitudinal expression of interleukins, cytokines,

chemokines, and growth factors elicited by lipopolysaccharide/interferon-y (LPS/IFNy)
stimulation, GM-CSF differentiated macrophages were seeded on day 6 at 200,000 cells per
well in a 24 well plate. On day 7, macrophages were stimulated with 100 ng/mL LPS, 20
ng/mL IFNy or LPS + IFNy for 18 hours in 500ulL media. Conditioned media was collected
at 18h (Day 1) and replaced with fresh media without cytokines. Media was harvested every
24 hours for a total of 10 days. Cytokine release was detected using the Luminex Human 30-

plex cytokine kit (Life Tech).

Animal Studies
[0212] All mouse studies were conducted with the oversight of the Seattle

Children’s IACUC (Protocol #15181) and efforts made to minimize use in accordance with
Institute policies. Animals were euthanized following the appearance of symptoms secondary
to tumor engraftment, including cachexia, lethargy, hindlimb paralysis, or when they reached
80% of their original body weight. Eight week old male NOD.Cg-Prkdc*™ I12rg"™""7"/Sz]
(NSG) mice were purchased from The Jackson Laboratory. Ketamine/xylazine-anesthetized
animals were immobilized in stereotactic apparatus (Stoelting), a 0.5 cm incision made on
the skin covering the skull, and a burr hole drilled 2 mm lateral and 0.5 mm anterior to the
bregma. 200,000 wild-type or GFP-ffluc-expressing U87 cells were injected in a 2 uL
volume at a rate of 1 pL/minute at 2.5 and 2.25 pL beneath the dura, 1 uL at each location.
After wound closure, mice received lactated Ringer’s solution for fluid recovery and
buprenorphine as an analgesic. Surgery for injection of GEMs was similar to that for U87s,
except that 150,000 GEMs were injected in a 3 pL total volume at 3 steps of 2.5, 2.35, and

2.25 mm below the dura. Bioluminescent imaging of GEMs or U87s expressing ffluc was
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conducted three times weekly. Mice were anesthetized with isoflurane, injected with 150 uLb
of a 28.57 mg/mL solution of D-luciferin (Perkin Elmer) intraperitoneally or subcutaneously
in the scruff. Bioluminescent images were collected with a Xenogen IVIS Spectrum Imaging

System (Perkin Elmer) and Living Image Software (Perkin Elmer) used to analyze the data.

Immunohistochemistry (IHC) of human CD45+ cells in brain tumor xenografts
[0213] After reaching the defined experimental endpoint (above), animals were

deeply anesthetized with 4% isoflurane, the chest cavity opened, and 15 mL PBS perfused
through the heart and vasculature followed by 15mL 10% neutral buffer formalin (NBF).
Mouse brains were harvested, formalin-fixed and paraffin-embedded using standard
protocols. To identify injected GEMs within the tumor xenograft, brain sections were
immunostained with anti-human CD45 (clone HI30, BioLegend) at a 1:100 dilution and
detected with the iVIEW DAB Detection Kit on the Ventana Ultra automated platform.
Images were acquired on a Nikon Eclipse Ci with a 20x PlanApo objective (0.75NA) with a
DS-Ril color camera. Tile scanned images were stitched together using Nikon Elements

software.

Isolation and flow cytometry of human cells from brain xenografts
[0214] After reaching the defined experimental endpoint (above), animals were

deeply anesthetized with 4% isoflurane, the chest cavity opened, and 15 mL PBS perfused
through the heart and vasculature. The brain and tumor were dissected with 1 mm
surrounding normal tissue isolated. Dissociation of the brain tumor was performed with the
human Tumor Dissociation Kit (Miltenyi), followed by removal of mouse cells with the
Mouse Cell Depletion kit (Miltenyi) using manufacturer’s protocols. Single-cell suspensions

of human cells were stained for flow cytometry as described above.

Statistics and reproducibility
[0215] Unless otherwise stated, all experiments were performed a minimum of

three times using macrophages isolated from different donors. Results were analyzed in
Prism software (GraphPad) and appropriate tests (paired T tests or ANOVA) performed.

Statistical significance (p<<0.05) is denoted with an asterisk.
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Monocyvte-derived macrophages can stably express lentivirally-encoded genes
[0216] The use of lentivirus to stably transduce T cells for cancer immunotherapy

has become routine in recent years. In contrast, no standard system for infection of myeloid
cells exists. Recent reports have demonstrated that dendritic cells (DCs) derived from
monocytes using granulocyte macrophage colony stimulating factor (GM-CSF) and IL-4, or
pro-inflammatory macrophages differentiated using GM-CSF alone, can be transduced at
high efficiency when lentiviral particles are packaged with Vpx (Bobadilla S, Sunseri N,
Landau NR. Efficient transduction of myeloid cells by an HIV-1-derived lentiviral vector
that packages the Vpx accessory protein. Gene Ther 2013;20:514-520 and Sunseri N, O'Brien
M, Bhardwaj N et al. Human immunodeficiency virus type 1 modified to package Simian
immunodeficiency virus Vpx efficiently infects macrophages and dendritic cells. J Virol
2011;85:6263-6274; both incorporated by reference in their entireties herein). Prior studies
reported that DCs can be successfully transduced without Vpx, if they are exposed to high
multiplicities of infection (MOI) earlier in the differentiation process (Breckpot K, Dullaers
M, Bonehill A et al. Lentivirally transduced dendritic cells as a tool for cancer
immunotherapy. J Gene Med 2003;5:654-667 and Chinnasamy N, Chinnasamy D, Toso JF ef
al. Efficient gene transfer to human peripheral blood monocyte-derived dendritic cells using
human immunodeficiency virus type 1-based lentiviral vectors. Hum Gene Ther
2000;11:1901-1909; both incorporated by reference in their entireties herein). To determine
if Vpx is necessary for successful transduction of monocyte derived macrophages,
epHIV7:GFP-ffluc, a lentiviral backbone currently in use in clinical trials (NCT01683279,
NCT02311621), was packaged with and without Vpx using a standard lentivirus production
protocol. CD14+ cells isolated from healthy donor PBMCs were differentiated to DCs or
macrophages using GM-CSF and IL-4, or GM-CSF only, respectively. Three days after
isolation and initiation of differentiation, cells were counted and replated in fresh media
containing cytokines and GFP-ffluc-encoding lentivirus packaged with or without Vpx. Cells
infected with virus that did not contain Vpx also received 100 ug/mL protamine sulfate to aid
viral entry. Following six days of in vitro differentiation, cells were analyzed by flow
cytometry. Using an MOI of 15 as demonstrated in DCs®* and 100 ug/mL protamine sulfate,
we observed that 20% of DCs and 60% of macrophages expressed lentivirally encoded GFP
(Figures 28A and 28B). However, the combination of high viral dose and a high
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concentration of protamine sulfate had a detrimental effect on macrophage viability, with
more than 30% of cells examined staining positive for a dye that marks dead or dying cells
(Figures 28B). The same effect was not observed for DCs (Figures 28A). In contrast, when
lentivirus was packaged with Vpx, an MOI of 1 was sufficient to infect nearly 100% of day 3
macrophages, without the negative impact on viability. For these reasons, it was opted to
proceed with Vpx+ lentivirus for the remainder of the studies.

[0217] Because all subsequent experiments evaluated GEM expression of varied
viral payloads that can’t be normalized using traditional flow cytometry-based titering, the
viral dose was standardized based on the amount of virus-associated p24, where 1 ng p24 is
equivalent to 1.25x10’ lentiviral particles (LP). To determine the minimal dose of Vpx-
containing virus necessary to consistently achieve high transgene expression, both pro-
inflammatory macrophages differentiated in GM-CSF were transduced (Figure 25A,
representative of 3 independent experiments) and anti-inflammatory macrophages
differentiated in M-CSF (Figure 29A) on day 7 of differentiation with a range of lentiviral
particles per cell (LP/cell). GFP expression was evaluated after an additional seven days in
culture (Figure 25A, Figure 29A). It was found that the two phenotypes have similar
transduction efficiencies following infection with Vpx-containing virions at all doses tested,
nearing 100% at concentrations as low as 250 LP/cell. Importantly, infection with 250
LP/cell following differentiation with GM-CSF did not significantly impact viability (Figure
25C). Virions packaged without Vpx had very poor transduction efficiency in both GM-CSF
(5.09%) and M-CSF (14.6%) differentiated macrophages at the highest concentration tested
(1000LP/cell) (Figure 25A, Figure 29A).

[0218] One of the challenges of treating patients with relapsed disease is the time
between apheresis to delivery of an autologous cellular therapy, which can be several days to
weeks for CAR T cell products (Kaiser AD, Assenmacher M, Schroder B ef al. Towards a
commercial process for the manufacture of genetically modified T cells for therapy. Cancer
Gene Ther 2015;22:72-78; incorporated by reference in its entirety herein). To determine if
time and cost of developing a clinical monocyte-derived cell product for patients could be
reduced, it was tested whether freshly isolated CD14+ monocytes could be concurrently
transduced and differentiated. It was found that transduction of monocytes at the time of

selection and induction in GM-CSF or M-CSF (day 0) resulted in similar dose-dependent
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proportions of GFP+ macrophages as consecutive differentiation and transduction (Figure
25B, Figure 29B). However, this approach had a significant impact on macrophage viability.
Although differentiation in GM-CSF or M-CSF without virus resulted in approximately 20-
30% yields relative to the original number of CD14+ cells (Figure 25E), differentiation in
combination with infection with 250 LP/cell further reduced yields by 49.7% in GM-CSF,
and 67.4% in M-CSF differentiated macrophages (Figure 25D, Figure 29C, respectively).
[0219] Successful clinical development of a virally-transduced adoptive cellular
therapy should balance efficacy and safety. High transgene expression and transduction
efficiency is often associated with a high rate of lentiviral integration into the host cell
genome. It is important to control the integration rate because increased vector copy numbers
increase the likelihood of insertional mutagenesis or toxic levels of transgene synthesis. To
determine the number of lentiviral copies per cell, genomic DNA was isolated from
macrophages that had been transduced on day O of differentiation, or after 7 days of
differentiation with Vpx-containing lentivirus encoding GFP-ffluc. In a representative
experiment, the number of lentiviral copies per cell was found to be 34 and 22 when cells
were transduced with 250 or 100 LP/cell, respectively, as macrophages (Figure 30A) and 18

and 10 when the cells were transduced as monocytes (Figure 30B).

Monocvte-derived macrophages can stably express lentivirally-encoded genes
[0220] Previous reports have demonstrated that monocyte-derived dendritic cells

that are differentiated using granulocyte macrophage colony stimulating factor (GM-CSF)
and IL-4 or pro-inflammatory macrophages differentiated using GM-CSF alone, can be
transduced at high efficiency when lentiviral particles are packaged with Vpx. To determine
if this system was applicable to monocytes differentiated to an anti-inflammatory population
using macrophage colony stimulating factor (M-CSF), epHIV7:GFP-ffluc was packaged,
which 1s a lentiviral backbone currently in use in clinical trials (NCT01683279,
NCT02311621), with Vpx using a standard lentivirus production protocol. Monocyte-derived
macrophages were transduced after seven days of culture in the presence of GM-CSF or M-
CSF with a range of lentiviral particles (LP) per cell, and evaluated GFP expression after an
additional seven days in culture (Figure 13A, 13B). It was found that the two phenotypes

have similar transduction efficiencies following infection with Vpx-containing virions at all
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doses tested, nearing 100% at concentrations as low as 250 LP/cell. In contrast, virions
packaged without Vpx had very poor transduction efficiency in both GM-CSF (5.09%) and
M-CSF (14.6%) differentiated macrophages, even at 1000 LP/cell.

[0221] One of the challenges of treating patients with relapsed disease is the time
between apheresis to delivery of an autologous cellular therapy, which can be several days to
weeks for CAR T cell products. To determine if the time and cost of developing a clinical
product for patients could be reduced, it was determined whether freshly isolated CD14+
monocytes could be infected and differentiated concurrently. It was found that transduction
of monocytes at the time of selection on day O, during differentiation in GM-CSF or M-CSF
resulted in similar dose-dependent proportions of GFP+ macrophages as consecutive

differentiation and infection (Figure 13C and Figure 14).

GEMs express myeloid cell surface markers and respond to LPS/IFNy stimulation
[0222] The next set of experiments were performed to determine if viral infection

would impact differentiation of monocytes to pro or anti-inflammatory macrophages. In
order to characterize the phenotype of both GM-CSF (Figure 13A) and M-CSF GEMs
monocytes (Figure 13B) were transduced with epHIV7.2 lentivirus encoding the red
fluorescent protein mCherry at a viral concentration of 250 LP/cell and concurrently
differentiated the cells in GM-CSF or M-CSF. GEMs analyzed for mCherry expression using
flow cytometry seven days later were 100% positive, regardless of differentiation conditions
(Figure 15A). GEMs were further analyzed by flow cytometry for surface expression of the
common myeloid markers CD163, a scavenger receptor; HLA-DR, a receptor that presents
internalized antigens to T cells; CD80, a co-stimulatory signal for T cells; PD-L1, a T cell
inhibitory protein; CD11b, an integrin responsible for cell adhesion, CD16, an Fc receptor
(Figure 15B-G);, CD80, which delivers a costimulatory signal to T cells , Major
Histocompatibility Complex II (HLADR), which presents internalized antigens to T cells, the
immunosuppressive protein PD-L1, and the scavenger receptor CD163 (Figure 22C, Figure
23A-23F). As expected, a higher fraction of M-CSF macrophages expressed the canonical
anti-inflammatory macrophage marker CD163 than GM-CSF macrophages (90% vs 5%)
(Figure 15B). Importantly, GEMs are responsive to stimulation with the potent toll like
receptor 4 (TLR4) agonist, LPS, and the pro-inflammatory cytokine, IFNy, as evidenced by
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their up-regulation of proteins associated with improved antigen presentation, HLA-DR and
CD80, as well as PD-L1, which is consistent with previous findings (Figure 15C-E).
Transduction with Vpx-containing virus did not have a significant impact on the expression
of many of these markers, and CD16 was unaffected by any treatment (Figure 15G).
Interestingly, however, it was found that viral transduction resulted in a 60% decrease in
CDI11b expression in M-CSF differentiated GEMs (Figure 15F), and 3-fold increase in
CD8O0 in unstimulated, GM-CSF differentiated GEMs (Figure 15D). The impact of increased
CD80 expression on antigen presentation will be the subject of future investigations. The
EFla-Her2tG protein for TLR4 signaling is encoded by a sequence set forth in SEQ ID NO:
26
(GGCATTGANNGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATG
TCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGC
AGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTG
GGCTAGCATGTTGCTCCTCGTAACCTCCCTTTTGTTGTGTGAGCTCCCTCACCCAG
CTTTTCTGCTGATCCCGTGCCACCCTGAGTGTCAACCACAGAATGGTAGCGTTAC
CTGCTTTGGGCCTGAAGCTGATCAGTGCGTTGCATGTGCTCACTATAAGGATCCG
CCATTTTGCGTGGCGCGGTGCCCTTCGGGCGTGAAACCTGATCTAAGCTATATGC
CGATCTGGAAGTTTCCCGATGAGGAGGGGGCTTGCCAGCCATGTCCCATCAATTG
TACACATAGCTGCGTCGACTTAGATGACAAGGGGTGCCCGGCGGAACAACGCGC
CTCGCCCCTTACTGGAGGCGGATCGGGAGGCGGCTCAATAATATCAGCGGTAGT
TGGTATACTGCTGGTGGTGGTTCTCGGAGTAGTATTTGGGATATTGATAGGCGGC
GGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGG
CCCTAGGATGTGCCGAGCCATCTCTCTTANGCGCTTGCTGCTGCTGCTGCTGCAG
CTGTCACAACTCCTAGCTGTCACTCAAGGGAAGACGCTGGTGCTGGGGAAGGAA
GGGGAATCAGCAGAACTGCCCTGCGAGAGTTCCCAGAAGAAGATCACAGTCTTC
ACCTGNAAGTTCTCTGACCAGANGAAGATTCTGGGGCAGCATGGNAAAGTGTAT
TAATTAGAGGAGGTTCGCCTTCGCAGTTTGATCGTTTTGATTCCAAAAAAGGGCA
TGGGANNAAAGGATCGTTTCCNNTCATCATCAATAAACTTNAGATGGAAGANTC
TCAGACTTANNNNNTGTGAGCTG)

[0223] Because pattern recognition receptors such as TLR3 and TLR7 recognize

viral RNA, and respond by up-regulating cytokines and chemokines to mount an immune
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response (Xagorari A, Chlichlia K. Toll-like receptors and viruses: induction of innate
antiviral immune responses. Open Microbiol J 2008;2:49-59; incorporated by reference in its
entirety herein), it was desired to determine if viral infection impacted GEM secretion of
canonical pro-inflammatory cytokines. To evaluate this, monocytes were infected on day 0
with 0 or 250 LP/cell mCherry Vpx+ lentivirus and differentiated in GM-CSF. Media was
collected at 24 hours and 7 days post-transduction, for Luminex analysis of Tumor Necrosis
Factor oo (TNFa), IL-12, and Type I Interferons (Figure 31). All 3 analytes fell below the
limit of detection for the assay, suggesting that lentiviral transduction does not induce pro-

inflammatory cytokine secretion.

Genetically engineered macrophages persist in mouse glioma model
[0224] These are the first tests to evaluate the therapeutic potential of adoptively

transferred, lentivirally engineered macrophages derived from primary human monocytes.
Evidence supporting the anti-tumor effect of pro-inflammatory macrophages comes from
several mouse studies where locally or systemically administered TLR agonists overturn the
tumor supportive program of TAMs and restore immune surveillance. Evidence supporting
the anti-tumor effect of pro-inflammatory macrophages comes from several mouse studies
where locally or systemically administered TLR agonists overturn the tumor supportive
program of TAMs and restore immune surveillance (Peng J, Tsang JY, Li D ef al. Inhibition
of TGF-beta signaling in combination with TLR7 ligation re-programs a tumoricidal
phenotype in tumor-associated macrophages. Cancer Lett 2013;331:239-249; Huang Z, Gan
J, Long Z et al. Targeted delivery of let-7b to reprogramme tumor-associated macrophages
and tumor infiltrating dendritic cells for tumor rejection. Biomaterials 2016;90:72-84; Chang
LS, Leng CH, Yeh YC et al. Toll-like receptor 9 agonist enhances anti-tumor immunity and
inhibits tumor-associated immunosuppressive cells numbers in a mouse cervical cancer
model following recombinant lipoprotein therapy. Mol Cancer 2014;13:60; Yu Q, Nie SP,
Wang JQ et al. Toll-like receptor 4 mediates the antitumor host response induced by
Ganoderma atrum polysaccharide. J Agric Food Chem 2015;63:517-525; all incorporated by
reference in their entireties herein). An ideal GEM is engineered to sustainably release
factors such as IL-12 that are elicited by classical LPS/IFNy activation and stimulate both the
innate and adaptive immune systems (See Figure 18A to 18CC) (Hao NB, Lu MH, Fan YH
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et al. Macrophages in tumor microenvironments and the progression of tumors. Clin Dev
Immunol 2012;2012:948098; incorporated by reference in its entirety herein). Having
demonstrated that GM-CSF-differentiated GEMSs are responsive to LPS/IFNy, it was
desirable to test the feasibility of employing activated macrophages as a cellular therapeutic
that is injected directly in to the brain. Specifically, it was desirable to determine if
stimulated and unstimulated GEMs would survive in the TME, impact morbidity, or support
tumor growth. To directly assess the behavior of GEMs, without the confounding effects of
other immune cells, GEMs in the T and B lymphocyte-deficient NODSCID gamma (NSG)
mouse were evaluated using an intracranial glioma xenograft model that has frequently been
used for pre-clinical evaluations of cellular immunotherapies (Miao H, Choi BD,
Suryadevara CM et al. EGFRvIII-specific chimeric antigen receptor T cells migrate to and
kill tumor deposits infiltrating the brain parenchyma in an invasive xenograft model of
glioblastoma. PLoS One 2014;9:e94281; Kahlon KS, Brown C, Cooper LJ et al. Specific
recognition and killing of glioblastoma multiforme by interleukin 13-zetakine redirected
cytolytic T cells. Cancer Res 2004;64:9160-9166; Krenciute G, Krebs S, Torres D et al.
Characterization and Functional Analysis of scFv-based Chimeric Antigen Receptors to
Redirect T Cells to IL13Ralpha2-positive Glioma. Mol Ther 2016;24:354-363; Shiina S,
Ohno M, Ohka F et al. CAR T Cells Targeting Podoplanin Reduce Orthotopic Glioblastomas
in Mouse Brains. Cancer Immunol Res 2016;4:259-268; KK, Naik S, Kakarla S er al. T cells
redirected to EphA2 for the immunotherapy of glioblastoma. Mol Ther 2013;21:629-637,
Hegde M, Corder A, Chow KK ef al. Combinational targeting offsets antigen escape and
enhances effector functions of adoptively transferred T cells in glioblastoma. Mol Ther
2013;21:2087-2101; all incorporated by reference in their entireties herein). In these
experiments 200,000 U87 cells were injected intracranially and allowed to establish tumor
for six or seven days (Figure 16A, 17A). For the initial experiment, freshly isolated
monocytes were transduced with 250 LP/cell epHIV7:GFP-ffluc and differentiated them
toward a pro-inflammatory phenotype in GM-CSF for six days (Figure 16A). On the fifth
day after differentiation and transduction, half of these GEMs were stimulated with
LPS/IFNy for 18 hours. 150,000 stimulated or unstimulated GEMs were injected into the

established tumor and bioluminescence was monitored three times per week.
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[0225] The imaging data revealed that, once implanted, both GM-CSF-
differentiated and GM-CSF differentiated, LPS/IFNy-stimulated GEMs have a stable
luciferin signal throughout the life of the animal (Figure 16B and 16C). Importantly, GEMs
do not have a detrimental effect on animal survival, with no significant differences between
groups (Figure 16D, 17D), nor did they display outward signs of distress suggesting that
even LPS/IFNy-stimulated GEMs are well tolerated. Furthermore, GEMs do not enhance the
growth of ffluc-expressing U87 tumors (Figure 17B, C), and, despite being a rare cell
population, can be recovered following enzymatic dissociation of tumor tissue (Figure 20).
Despite being a rare cell population, GEMs can also be detected within the tumor mass by
immunostaining for human CD45 (Figures 17E-17G) and can be recovered following
enzymatic dissociation of tumor tissue (Figure 20). Collectively the data suggest that GEMs
are capable of the long-term expression of transgenes in vivo, and neither support tumor
growth nor reduce the survival of tumor-bearing animals. Future experiments will evaluate
GEMs, which constitutively express activation signals to determine whether they are capable
of supporting and endogenous anti-tumor response or whether safety concerns arise when
they interact with other immune cells.

[0226] The imaging data revealed that GM-CSF differentiated GEMs have a
stable luciferin signal throughout the life of the animal independent of stimulation using the
potent TLR4 agonist LPS and the pro-inflammatory cytokine, IFNy (Figure 16A, 16B). As
shown, the GEMs do not negatively affect the survival of the animal. (Figure 16C, Figure
17C). Furthermore, GEMs do not enhance the growth of ffluc-expressing U87 tumors
(Figure 17A, 17B). The data suggests that GEMs are capable of the long-term expression of
transgenes in vivo, and do not support tumor growth or reduce the survival of tumor bearing

animals.

GEMs can be engineered to counteract an immunosuppressive TME
[0227] Given that the intracranial glioma model is in an animal lacking a

complete immune system, and that these GEMs were not armed with anti-tumor factors, an
impact on tumor growth or overall survival in tumor-bearing animals was not expected.
However, human clinical trials from the 1990s, which evaluated IFNy and/or LPS-stimulated

macrophages showed a lack of efficacy, despite LPS/IFNy stimulation supported antibody
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dependent cytotoxicity (ADCC), and increased Tumor necrosis factor (TNF) secretion in
vitro following an 18 hour IFNy stimulation (Andreesen, 1998). It is believed that the failure
of macrophages to provide a survival benefit in this setting is partly due to diversion of
macrophages by tumor cells to a pro-tumor or anti-inflammatory phenotype, absence or
ineffectiveness of other cytotoxic immune cells, or lack of persistent inflammatory LPS/IFNy
signal, as it has been seen in vitro (Figure 18A to 18CC). In fact, the use of a strong TLR4
agonist like LPS might have unintended anti-inflammatory consequences such as IL-10
secretion (Figure 18J), or increased PD-L1 surface expression (Figure 15B), two factors
known to inhibit an effective immune response in tumors (refs). Therefore, subsequent
experiments aimed to generate a GEM that may be resistant polarization to an anti-
inflammatory phenotype by the tumor, while improving the efficacy of cytotoxic immune
cells.

[0228] It was demonstrated that GEMs could be prevented from expressing
TAM-associated factors that contribute to tumor immune evasion. Using the CRISPR/Cas9
system, the genes for IL-10 and PD-L1 were choose for deletion, as they are factors
expressed by tumor associated macrophages in the tumor microenvironment that inhibit an
effective anti-tumor response (Sica, Antonio, ef al. Autocrine production of IL-10 mediates
defective IL-12 production and NF-kappa B activation in tumor-associated macrophages. J
Immunol. 2000 Jan 15;164(2):762-7; Bloch et al., Gliomas promote immunosuppression
through induction of B7-H1 expression in tumor-associated macrophages; Clin Cancer Res.
2013 Jun 15;19(12):3165-75; references incorporated in their entirety herein).

[0229] Using a lentiviral vector encoding Cas9 and specific guide RNAs (Sanjana
Nat methods 2014), genomic interruption of the IL-10 and PD-L1 loci were introduced
(Figure 19A and 19D). When introduced to either monocytes or GM-CSF differentiated
macrophages, these genomic disruptions resulted in a reduction of LPS/IFNy -induced IL-10
secretion (Figure 19A, 19B and 19C) and surface PD-L1 expression (Figure 19D, 19E and
19F).

[0230] GEMs can further be programmed to resist and overturn the suppressive
milieu in the TME and support the activation, proliferation, and/or survival of ineffective
cytotoxic immune cells. For example, Tumor growth factor-beta (TGFp) is a well-described

tumor-derived factor that prevents a cytotoxic immune response in a variety of ways. Here it
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is demonstrated that GEMs can be engineered to secrete the soluble TGFP receptor II
(sTGFBRII) (Figure 19G and 19I), a decoy receptor that inhibits TGFp signaling and SMAD
activity. Additionally, GEMs can be employed to secrete cytokines that activate NK and T
cells, and support ADCC, such as IL-21 (25961061) (Figure 19H), a signaling molecule that
is currently in multiple clinical trials as a cancer monotherapy or in combination with
therapeutic antibodies. Although most commonly produced by CD4 helper T cells, IL-21
delivers potent proliferative and activating signals to cytotoxic lymphocytes, including T cell
and natural killer cells. The data demonstrate that macrophages can be engineered to express
and secrete significant concentrations of IL-21 suggest that impaired cytotoxic immune cell
functions may be restored in the presence of GEMs. Together, these data provide evidence
that GEMs can be engineered to express reduced anti-inflammatory proteins, or produce
soluble factors that either interfere with immunosuppressive protein signaling or support pro-
inflammatory protein production. In some alternatives of the GEMs, the GEMs can express
reduced anti-inflammatory proteins, or produce soluble factors that either interfere with
immunosuppressive protein signaling or support pro-inflammatory protein production in
comparison to proteins that have not been transduced by said lentiviral vectors of the
alternatives described herein. In some alternatives, the expressed protein or reduced anti-
inflammatory protein is IL-21. In some alternatives the engineered GEMS can express
reduced anti-inflammatory proteins, or produce soluble factors that either interfere with
immunosuppressive protein signaling or support pro-inflammatory protein production at a

higher expression level compared to wild type immune cells.

CRISPR targeting of TAM immunosuppressive genes in GEMs
[0231] Given that the intracranial glioblastoma model lacks a complete immune

system and that GEMs were not armed with functional payloads, nor do they express
detectable levels of inflammatory cytokines (Figure 31A-31C), it was not expected that there
would be an impact on tumor growth or overall survival in xenograft-bearing animals.
However, human clinical trials from the 1980s and 1990’s, evaluating IFNy and/or LPS ex
vivo-stimulated macrophages for the treatment of patients with solid tumors, also showed no
survival benefit, despite antibody dependent cell-mediate cytotoxicity (ADCC), and

increased Tumor Necrosis Factor a (TNFo) secretion in vitro following an 18 hour IFNy
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stimulation (Andreesen R, Hennemann B, Krause SW. Adoptive immunotherapy of cancer
using monocyte-derived macrophages: rationale, current status, and perspectives. J Leukoc
Biol 1998;64:419-426; incorporated by reference in its entirety herein). It was believed that
the failure of macrophages to provide a survival benefit in the setting of a complete immune
system is due to: 1) diversion of macrophages by tumor cells to a pro-tumor or anti-
inflammatory phenotype, or 2) absence or ineffectiveness of other cytotoxic immune cells, or
3) lack of persistent inflammatory LPS/IFNy-induced cytokine release, as has been seen in
vitro following 18 hour stimulation (Figure 19). In fact, the use of a strong TLR4 agonist
like LPS might have unintended anti-inflammatory consequences such as sustained IL-10
secretion (Figure 19), or increased PD-L1 surface expression (Figure 15E), two factors also
known to be expressed by TAMs due to tumor-secreted signals (Bloch O, Crane CA, Kaur R
et al. Gliomas promote immunosuppression through induction of B7-H1 expression in tumor-
associated macrophages. Clin Cancer Res 2013;19:3165-3175; incorporated by reference in
its entirety herein) . Therefore, using CRISPR/Cas9- mediated gene editing, it was aimed to
prevent GEM expression of these factors that contribute to immune evasion (Sanjana NE,
Shalem O, Zhang F. Improved vectors and genome-wide libraries for CRISPR screening. Nat
Methods 2014;11:783-784; Shalem O, Sanjana NE, Hartenian E et al. Genome-scale
CRISPR-Cas9 knockout screening in human cells. Science 2014;343:84-87, both
incorporated by reference in their entireties herein). Using a lentiviral vector encoding Cas9
and specific guide RNAs19, the genomic loci for IL-10 and PD-L1 was interrupted. This 1s
indicated by the generation of a cleavage product following incubation of the amplified and
re-annealed genomic regions with the Surveyor endonuclease, which cleaves at mismatched
base pairs (Figure 19A and 19D and Figures 24 A and Barrows) (Qiu P, Shandilya H,
D'Alessio JM et al. Mutation detection using Surveyor nuclease. Biotechniques 2004;36:702-
707; incorporated by reference in its entirety herein). When introduced to either monocytes
or GM-CSF-differentiated macrophages, disruption of the IL-10 locus resulted in a 60%
reduction of LPS/IFNy-induced IL-10 secretion (Figure 26B-26C). Following infection of
GM-CSF-differentiated macrophages with a virus encoding Cas9 and a PD-L1 guide RNA,
surface PD-L1 expression as a result of LPS/IFNy stimulation was reduced by 40% (Figure
26B-26C). This is consistent with the findings of other investigators who report that the
CRISPR system often modifies only one allele (Ran FA, Hsu PD, Wright J et al. Genome
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engineering using the CRISPR-Cas9 system. Nat Protoc 2013;8:2281-2308; McComb S,
Aguade-Gorgorio J, Harder L ef al. Activation of concurrent apoptosis and necroptosis by
SMAC mimetics for the treatment of refractory and relapsed ALL. Sci Transl Med
2016;8:339ra370; all incorporated by reference in its entirety herein).

GEM secretion of anti-inflammatory blockades or activating cytokines
[0232] It was sought to evaluate whether GEMs could be programmed to resist

the suppressive milieu in the TME and support the activation, proliferation, and survival of
cytotoxic anti-tumor immune cells. For example, transforming growth factor-beta (TGFp) is
a well-described tumor-derived factor that prevents a cytotoxic immune response in a variety
of ways (Crane CA, Han SJ, Barry JJ et al. TGF-beta downregulates the activating receptor
NKG2D on NK cells and CD8+ T cells in glioma patients. Neuro Oncol 2010;12:7-13;
Smyth MJ, Strobl SL, Young HA et al. Regulation of lymphokine-activated killer activity
and pore-forming protein gene expression in human peripheral blood CD8+ T lymphocytes.
Inhibition by transforming growth factor-beta. J Immunol 1991;146:3289-3297; Bright JJ,
Sriram S. TGF-beta inhibits IL-12-induced activation of Jak-STAT pathway in T
lymphocytes. J Immunol 1998;161:1772-1777; Peng Y, Laouar Y, Li MO et al. TGF-beta
regulates in vivo expansion of Foxp3-expressing CD4+CD25+ regulatory T cells responsible
for protection against diabetes. Proc Natl Acad Sci U S A 2004;101:4572-4577;Gorelik L,
Flavell RA. Immune-mediated eradication of tumors through the blockade of transforming
growth factor-beta signaling in T cells. Nat Med 2001;7:1118-1122; all incorporated by
reference in their entireties herein). It was demonstrated that GEMs can be engineered to
secrete the soluble TGFp receptor II (sTGFBRII) (Figure 19G and 26D) to function as a
decoy receptor for TGFP and reduce TGFp signaling as previously described (Rowland-
Goldsmith MA, Maruyama H, Kusama T ef al. Soluble type II transforming growth factor-
beta (TGF-beta) receptor inhibits TGF-beta signaling in COLO-357 pancreatic cancer cells in
vitro and attenuates tumor formation. Clin Cancer Res 2001;7:2931-2940; included by
reference in its entirety herein). GEMs were also engineered to secrete IL-21 (Figure 19H
and 26E), a cytokine normally expressed by CD4+ T cells that activates NK and T cells and
supports ADCC44, and shifts the polarization of TAMs toward an M1 phenotype (Qiu P,

Shandilya H, D'Alessio JM et al. Mutation detection using Surveyor nuclease. Biotechniques
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2004;36:702-707; Croce M, Rigo V, Ferrini S. IL-21: a pleiotropic cytokine with potential
applications in oncology. J Immunol Res 2015;2015:696578; Skak K, Frederiksen KS,
Lundsgaard D. Interleukin-21 activates human natural killer cells and modulates their surface
receptor expression. Immunology 2008;123:575-583; Xu M, Liu M, Du X et al. Intratumoral
Delivery of IL-21 Overcomes Anti-Her2/Neu Resistance through Shifting Tumor-Associated
Macrophages from M2 to M1 Phenotype. J Immunol 2015;194:4997-5006; all incorporated
by reference in their entireties herein). Recombinant IL-21 is currently in multiple clinical
trials either as a cancer monotherapy, or in combination with tyrosine kinase inhibitors or
therapeutic antibodies (Croce M, Rigo V, Ferrini S. IL-21: a pleiotropic cytokine with
potential applications in oncology. J Immunol Res 2015;2015:696578; Spolski R, Leonard
WI. Interleukin-21: a double-edged sword with therapeutic potential. Nat Rev Drug Discov
2014;13:379-395; all incorporated by reference in their entireties herein). The observation
that macrophages can be engineered to secrete significant concentrations of IL-21 provides
evidence that impaired cytotoxic immune cell functions may be restored in the presence of
IL-21-expressing GEMs. Together, the data demonstrate that GEMs can be engineered to
express reduced levels of anti-inflammatory proteins, or produce soluble factors that either

interfere with immunosuppressive signaling or support anti-tumor immune responses.

GEMs can express genes from multiple viruses
[0233] Due to the multiple challenges that arise as a result of the immunosuppressive

milieu of the TME, it was sought to engineer macrophages that both resist the tumor
microenvironment, through CRISPR-mediated gene disruption, as well as secrete sTPRII and
IL-21. To this end, a truncated CD19 sequence was inserted into the epHIV7.2 vector
(Figure 24C) and added the epitope tag EGFRt to replace the puromycin sequence of the
lentiCRISPRv2 vector (Figure 24D). It was found that both epitope tags can be detected on
macrophages infected with lentivirus encoding the respective sequences (Figure 24E and
24F). When GEMs are infected with both viruses, 30-45% cells were double positive by flow
cytometry (Figure 27A and 27E). Furthermore, evaluation of PD-L1 expression on cells
expressing both CD19t and EGFRt shows a 70% reduction in PD-L1 (Figure 27C), these
GEMs are also uncompromised in their expression of sTBRII (Figure 27D). Interestingly,
IL-21 seems to prevent LPS-induced IL-10 expression. GEMs encoding IL-21 alone reduce
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IL-10 expression by 76.4% and when IL-21 is expressed in combination with IL-10gRNA,
expression drops by 87.3%. These are significantly lower levels of expression than seen in
the IL-10gRNA + CDI19t vector control, 38.5%. (Figure 27F). IL-21 expression was
unchanged when IL-10 expression was targeted (Figure 27G).

Human GEMs disperse from the injection site and infiltrate tumor tissue
[0234] Isolated CD14+ monocytes were plated in macrophage media (RPMI1640

medium (Gibco) supplemented with 10% FBS (Hyclone)) on tissue culture-treated plastic
dishes (Corning) at a density not exceeding 250,000 cells/cm” in the presence of 10 ng/mL
GM-CSF (R&D Systems) at 37°C, 5% CO,. 72 hours after plating, half the medium was
replaced with fresh macrophage media supplemented with 20 ng/mL. GM-CSF. In epHIV7
the CMV promoter of pHIV7 has been replaced with the EF1 promoter. For epHIV7.2 the
EF1 promoter has been replaced with a minimal EF1 (lacking the HTLV-1 domain) and the
gene for ampicillin resistance has been exchanged for kanamycin resistance. The mCherry
construct was created by cloning into the gene into HIV7.2. Eight week old male NOD.Cg-
Pridc™™  112rg™""/Sz] (NSG) mice were purchased from Jackson Laboratory.
Ketamine/xylazine-anesthetized animals were immobilized in stereotactic apparatus
(Stoelting), a 0.5 cm incision made on the skin covering the skull, and a burr hole drilled 2
mm lateral and 0.5 mm anterior to the bregma. 200,000 wild-type or GFP-ffluc-expressing
U87 cells were injected in a 2 uL volume at a rate of 1 ul./minute at 2.5 and 2.25 mm
beneath the dura, 1 pL at each location. After wound closure, mice received lactated Ringer’s
solution for fluid recovery and buprenorphine as an analgesic. Surgery for injection of GEMs
was similar to that for U87s, except that 150,000 GEMs were injected in a 3 uL total volume
at 3 steps of 2.5, 2.35, and 2.25 mm below the dura. Bioluminescent imaging of GEMs or
U87s expressing ffluc was conducted three times weekly. Mice were anesthetized with
isoflurane, injected with 150 uL of a 28.57 mg/mL solution of D-luciferin (Perkin Elmer)
intraperitoneally or subcutaneously in the scruff. Bioluminescent images were collected with
a Xenogen IVIS Spectrum Imaging System (Perkin Elmer) and Living Image Software
(Perkin Elmer) used to analyze the data. 21 days after GEM injection, animals were

euthanized, tumor harvested and dissociated. The single cell suspension was stained for
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CD45, gated on live cells and singlets, and evaluated for mCherry and CD45 expression by
flow cytometry. See Figure 21A and 21B.

[0235] Provided herein is the validation of a lentivirus-based method to engineer
primary human monocytes and macrophages with the goal of generating a novel
immunotherapy for solid tumors. Previous studies report 80% infectivity rate when
transducing DCs with 600 ng of p24 per 500,000 cells (Firat H, Zennou V, Garcia-Pons F ef
al. Use of a lentiviral flap vector for induction of CTL immunity against melanoma.
Perspectives for immunotherapy. J Gene Med 2002;4:38-45; incorporated by reference in its
entirety herein). As demonstrated above, virus packaged with Vpx achieves nearly 100%
efficiency at 250 LP/cell, equating to 10 ng p24, per 500,000 cells, 60 times less virus. This
approach causes a higher number of genomic integration events than are observed in some
engineered T cells used clinically. However, because the GEMs as described herein do not
divide, as observed in the in vivo studies, and demonstrate a lack of GEM expansion, it is not
anticipated that insertional mutagenesis will have an impact on the safety of a clinical
product. Furthermore, if it is found that functions are affected, or that the insertion rate
exceeds Food and Drug Administration regulations, vector copy number can be reduced by
sorting for median gene expressers.

[0236] The flexibility of this approach has allowed CRISPR-mediated gene
interruption for the important immunosuppressive factors IL-10 and PD-L1, and
overexpression of sTPRII and IL-21, secreted proteins that will prevent intrinsic inhibitory
signals and support the anti-tumor functions of NK and cytotoxic T cells. Interestingly, when
co-expressing using two viral vectors, it was found that a significant percentage of GEMs
express the epitope tags for both viruses, and that CRISPR mediated reduction of IL-10 was
significantly augmented when GEMs also express IL-21.

[0237] This method of lentiviral modification of primary, human macrophages
may serve as a novel type of cellular immunotherapy, which can be generated in as little as
seven days from a patient’s blood, using a clinically-approved lentiviral backbone. GEMs
may be generated from a patient’s monocyte population that is currently discarded during the
preparation of therapeutic TCR or CAR T cells, reducing the time and cost associated with
developing new infrastructure for a clinical product. It is anticipated that in the clinic, GEMs

will be directly implanted into the tumor site immediately following surgical tumor resection.
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This approach has benefits over intravenous infusion, and non-specific systemic approaches
that have been previously used in clinical trials, maximizing the likelihood that GEMs will
interact with tumor cells and alleviating concerns that they may become trapped in narrow
capillary beds during peripheral circulation.

[0238] The tumor microenvironment prevents immune responses through
multiple redundant mechanisms (Razavi SM, Lee KE, Jin BE et al. Immune Evasion
Strategies of Glioblastoma. Front Surg 2016;3:11; Beavis PA, Slaney CY, Kershaw MH et
al. Reprogramming the tumor microenvironment to enhance adoptive cellular therapy. Semin
Immunol 2016;28:64-72; all incorporated by reference in their entireties herein), and it is
believed that modulating immune suppression may be more effective to induce anti-tumor
activity than a small molecule, antibody, or cellular therapy designed against a single target.
The intracranial xenograft model will allow evaluation of the adjuvant properties of GEMs
when used with other cellular therapies such as CAR T cells, and will be subsequently
evaluated in an immune-competent model to determine the ability GEMs to function in a
complex TME.

[0239] The concept of employing macrophages for anti-tumor therapy originated
in 1974, when Fidler et al demonstrated that ex vivo stimulated macrophages could suppress
pulmonary metastases in a B16 melanoma model (Fidler IJ. Inhibition of pulmonary
metastasis by intravenous injection of specifically activated macrophages. Cancer Res
1974;34:1074-1078; incorporated by reference in its entirety herein). Subsequent studies
confirmed these findings and laid the groundwork for several clinical trials that tested the
safety and efficacy of adoptively transferred macrophages for the treatment of patients with
various cancers, including ovarian, colorectal, and renal carcinomas (Andreesen R,
Hennemann B, Krause SW. Adoptive immunotherapy of cancer using monocyte-derived
macrophages: rationale, current status, and perspectives. J Leukoc Biol 1998;64:419-426;
incorporated by reference in its entirety herein). Dose escalation studies of autologous
macrophages activated with IFNy or LPS/IFNy prior to infusion showed that the therapy was
safe, inducing only flu-like symptoms, but had no clinical benefit (Andreesen R, Hennemann
B, Krause SW. Adoptive immunotherapy of cancer using monocyte-derived macrophages:
rationale, current status, and perspectives. J Leukoc Biol 1998;64:419-426; incorporated by

reference in its entirety herein). The failure to improve patient outcomes could be due to
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limited expression of LPS/IFNy-induced factors, such as IL-12, TNFa, or IL-6, which
support the cytotoxic function of effector cells (Hao NB, Lu MH, Fan YH et al. Macrophages
in tumor microenvironments and the progression of tumors. Clin Dev Immunol
2012;2012:948098; incorporated by reference in its entirety herein). Additionally, tumor-
derived factors such as TGFB, M-CSF, IL-4, and IL-10 may alter the polarization of the
adoptively transferred macrophages, modifying their production of cytokines to promote the
function of Tregs while inhibiting tumor-specific T cell responses (Glass R, Synowitz M.
CNS macrophages and peripheral myeloid cells in brain tumours. Acta Neuropathol
2014;128:347-362; incorporated by reference in its entirety herein).

[0240] Evidence supporting the efficacy of persistently polarized macrophages
comes from recent animal studies in which adoptively transferred or tumor infiltrating
macrophages, engineered to inhibit NFkB-mediated alternative activation or to overexpress
IFNa, overturn an immunosuppressive TME, and inhibit tumor growth (Hagemann T,
Lawrence T, McNeish I er al. "Re-educating" tumor-associated macrophages by targeting
NF-kappaB. J Exp Med 2008;205:1261-1268; Escobar G, Gentner B, Naldini L ez al.
Engineered tumor-infiltrating macrophages as gene delivery vehicles for interferon-alpha
activates immunity and inhibits breast cancer progression. Oncoimmunology 2014;3:e28696;
all incorporated by reference in their entireties herein). Additionally, reversing the anti-
inflammatory phenotype of endogenous macrophages with an Ang2/VEGF bi-specific
antibody (Kloepper J, Riedemann L, Amoozgar Z et al. Ang-2/VEGF bispecific antibody
reprograms macrophages and resident microglia to anti-tumor phenotype and prolongs
glioblastoma survival. Proc Natl Acad Sci U S A 2016;113:4476-4481; incorporated by
reference in its entirety herein), antagonists of M-CSF (Pyonteck SM, Akkari L,
Schuhmacher AJ et al. CSF-1R inhibition alters macrophage polarization and blocks glioma
progression. Nat Med 2013;19:1264-1272; Ries CH, Cannarile MA, Hoves S et al. Targeting
tumor-associated macrophages with anti-CSF-1R antibody reveals a strategy for cancer
therapy. Cancer Cell 2014;25:846-859; all incorporated by reference in their entireties
herein), or agonists of CD40 (Beatty GL, Chiorean EG, Fishman MP et al. CD40 agonists
alter tumor stroma and show efficacy against pancreatic carcinoma in mice and humans.
Science 2011;331:1612-1616; incorporated by reference in its entirety herein) or TLR
pathways (Peng J, Tsang JY, Li D ef al. Inhibition of TGF-beta signaling in combination
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with TLR7 ligation re-programs a tumoricidal phenotype in tumor-associated macrophages.
Cancer Lett 2013;331:239-249; Huang Z, Gan J, Long Z et al. Targeted delivery of let-7b to
reprogramme tumor-associated macrophages and tumor infiltrating dendritic cells for tumor
rejection. Biomaterials 2016;90:72-84; Yu Q, Nie SP, Wang JQ et al. Toll-like receptor 4
mediates the antitumor host response induced by Ganoderma atrum polysaccharide. J Agric
Food Chem 2015;63:517-525; El Andaloussi A, Sonabend AM, Han Y ef al. Stimulation of
TLR9 with CpG ODN enhances apoptosis of glioma and prolongs the survival of mice with
experimental brain tumors. Glia 2006;54:526-535; all incorporated by reference in their
entireties herein) reduces tumor progression by inhibiting tumor-supportive behavior and
restoring anti-tumor immune responses. Notably, these anti-tumor mechanisms may be either
direct, such as the induction of tumoricidal activity by macrophages themselves (Peng J,
Tsang JY, Li D ef al. Inhibition of TGF-beta signaling in combination with TLR7 ligation re-
programs a tumoricidal phenotype in tumor-associated macrophages. Cancer Lett
2013;331:239-249; Beatty GL, Chiorean EG, Fishman MP et al. CD40 agonists alter tumor
stroma and show efficacy against pancreatic carcinoma in mice and humans. Science
2011;331:1612-1616; Hagemann T, Lawrence T, McNeish I et al. "Re-educating" tumor-
associated macrophages by targeting NF-kappaB. J Exp Med 2008;205:1261-1268; all
incorporated by reference in their entireties herein), or indirect, through support of NK (Yu
Q, Nie SP, Wang JQ et al. Toll-like receptor 4 mediates the antitumor host response induced
by Ganoderma atrum polysaccharide. J Agric Food Chem 2015;63:517-525; Hagemann T,
Lawrence T, McNeish I et al. "Re-educating" tumor-associated macrophages by targeting
NF-kappaB. J Exp Med 2008;205:1261-1268; all incorporated by reference in their entireties
herein) and T cell-mediated cytotoxicity (Yu Q, Nie SP, Wang JQ et al. Toll-like receptor 4
mediates the antitumor host response induced by Ganoderma atrum polysaccharide. J Agric
Food Chem 2015;63:517-525; El Andaloussi A, Sonabend AM, Han Y ef al. Stimulation of
TLR9 with CpG ODN enhances apoptosis of glioma and prolongs the survival of mice with
experimental brain tumors. Glia 2006;54:526-535; all incorporated by reference in their
entireties herein) or via activation of DCs (Van der Jeught K, Bialkowski L, Daszkiewicz L
et al. Targeting the tumor microenvironment to enhance antitumor immune responses.
Oncotarget 2015;6:1359-1381; incorporated by reference in its entirety herein). Furthermore,

studies demonstrating TLR3-mediated repolarization of tumor myeloid cells from GBM
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patients suggest that their inherent plasticity supports their potential to initiate local immune
activation (Kees T, Lohr J, Noack J ef al. Microglia isolated from patients with glioma gain
antitumor activities on poly (I:C) stimulation. Neuro Oncol 2012;14:64-78; incorporated by
reference in its entirety herein). Accordingly, it is contemplated that macrophages can induce
multi-faceted changes to the way the immune system responds to tumor, and underscore the
power of harnessing this cell population to restructure the TME.

[0241] In support of this belief, several studies that evaluate the impact of innate
immune cell activation in the TME indicate that this is an important component to clinical
efficacy for patients with solid tumors. For example, DC-based cellular therapies are the first
to receive approval by the Food and Drug Administration based on their ability to induce
anti-tumor immune responses in patients with castration resistant prostate cancer (Kantoff
PW, Higano CS, Shore ND et al. Sipuleucel-T immunotherapy for castration-resistant
prostate cancer. N Engl J Med 2010;363:411-422; incorporated by reference in its entirety
herein). Other experimental studies seek to boost immunity using adjuvants (Crane CA, Han
SJ, Ahn B et al. Individual patient-specific immunity against high-grade glioma after
vaccination with autologous tumor derived peptides bound to the 96 KD chaperone protein.
Clin Cancer Res 2013;19:205-214; incorporated by reference in its entirety herein), live
oncolytic viruses (Suryadevara CM, Riccione KA, Sampson JH. Immunotherapy gone viral:
Bortezomib and oHSV enhance antitumor NK cell activity. Clin Cancer Res 2016;
incorporated by reference in its entirety herein), or those engineered to specifically infect
tumor-resident APCs (Goyvaerts C, De Groeve K, Dingemans J et al. Development of the
Nanobody display technology to target lentiviral vectors to antigen-presenting cells. Gene
Ther 2012;19:1133-1140; Cire S, Da Rocha S, Yao R et al. Immunization of mice with
lentiviral vectors targeted to MHC class II+ cells is due to preferential transduction of
dendritic cells in vivo. PLoS One 2014;9:e101644; both incorporated by reference in their
entireties herein). These approaches may likely result in significant innate immune cell
activation, including their production of pro-inflammatory mediators, and support of
cytotoxic immune cell functions in the tumor. Although these approaches demonstrate the
impact of enhancing innate and adaptive immune cell crosstalk on clinical efficacy, the
mechanisms underlying pleiotropic effects on the tumor microenvironment and anti-tumor

immunity are not well defined. It is anticipated that use of a macrophage-based
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immunotherapy in animal studies and in clinical trials will synergize with these types of
approaches to delineate the mechanisms that are critical to overcoming the suppressive and
anti-inflammatory TME.

[0242] When injected directly into a brain tumor xenograft, GEMs stably produce
lentivirally encoded firefly luciferase, and survive long-term without expanding or negatively
impacting animal survival. The flexibility of this approach has allowed CRISPR-mediated
gene interruption for the important immunosuppressive factors IL-10 and PD-L1, and
overexpression of sSTGFRPII and IL-21, secreted proteins that will prevent intrinsic inhibitory
signals and support the anti-tumor functions of NK and T cells.

[0243] The concept of employing macrophages for anti-tumor therapy originated
in 1974 when Fidler et al. demonstrated that ex vivo stimulated macrophages could suppress
pulmonary metastases in a B16 melanoma model. Subsequent studies confirmed these
findings and laid the groundwork for several clinical trials that tested the safety and efficacy
of adoptively transferred macrophages for the treatment of patients with various cancers,
including ovarian, colorectal, and renal carcinomas. Dose escalation studies of autologous
macrophages activated with IFNy or LPS/IFNy prior to infusion showed that the therapy was
safe, inducing only flu-like symptoms, but had no clinical benefit. The failure to improve
patient outcomes could be due to limited expression of LPS/IFNy-induced factors, such as
IL-12, TNFa, or IL-6, which support the cytotoxic function of effector cells. Additionally,
tumor-derived factors such as TGFB, M-CSF, IL-4, and IL-10 may have altered the
polarization of the adoptively transferred macrophages, modifying their production of
cytokines to promote the function of Tregs while inhibiting tumor-specific T cell responses.

[0244] Evidence supporting the efficacy of persistently polarized macrophages
comes from recent animal studies in which adoptively transferred or tumor infiltrating
macrophages, engineered to inhibit NFkB-mediated alternative activation or to overexpress
IFNa, overturn an immunosuppressive TME and inhibit tumor growth. Additionally,
reversing the anti-inflammatory phenotype of endogenous macrophages with an Ang2/VEGF
bi-specific antibody, antagonists of M-CSF or agonists of CD40 or TLR pathways reduces
tumor progression by inhibiting tumor-supportive behavior and restoring anti-tumor immune
responses. Notably, these anti-tumor mechanisms may be either direct, such as the induction

of tumoricidal activity by macrophages themselves or indirect, through support of NK and T

-159-



WO 2017/044487 PCT/US2016/050552

cell-mediated  cytotoxicity.  Furthermore, studies demonstrating TLR3-mediated
repolarization of tumor myeloid cells from GBM patients suggest that their inherent plasticity
supports their potential to initiate local immune activation. Accordingly, it is contemplated
that macrophages alone can induce multi-faceted changes to the way the immune system
responds to tumor, and underscore the power of harnessing this cell population as a tool to
restructure the TME.

[0245] It was demonstrated for the first time that a novel macrophage-based
immunotherapy can be generated in seven days from a patient’s blood, using a clinically-
approved lentiviral backbone. GEMs may be generated from a patient’s monocyte population
that 1s discarded during the preparation of therapeutic TCR or CAR T cells, reducing the time
and cost associated with developing new infrastructure for a clinical product. It is anticipated
that in the clinic, GEMs will be directly implanted into the tumor during surgical tumor
resection. This approach has benefits over intravenous infusion previously employed in
clinical trials as it maximizes the likelihood that GEMs will interact with tumor cells and
alleviates concerns that they may become trapped in narrow capillary beds during peripheral
circulation.

[0246] The tumor microenvironment prevents immune responses through
multiple redundant mechanisms. Therefore, modulating immune suppression may be more
effective to induce antitumor activity than a small molecule, antibody, or cellular therapy

designed against a single target.
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CD4 and CDS8 T cells express EGFRvIII 806CAR and the chimeric IL7 receptor
(9247} Expanded and cryogenically preserved (D4 and CD8 selected T cells

were engineered to express the EGFRVIIE 806CAR and the chimeric IL7 receptor (CD27)
extracellular domain fused to the ILZ receptor (CD122) intracellular signaling domain
and CD3/CD28 activated prior o freezing. Thawed CD4 or CD8 T cells were labeled with
Cell Trace Violet, and cultured for 7 days with either recombmant TL-7 as a conirol
{500ng/ml), conditioned media frozen back from GEMs expressing either IL-7 or EGFRt
{vector only), or co-cultured with autologous GEMSs secreting TL-7 or EGFRt and analyzed
using flow cvtometry for CellTrace Violet dilution as a measure of proliferation. None of
these were re~stimulated with CD3/CD28, nor did they receive any cytokines other than the
IL-7 (See Figure 32 and Figuve 33)

[8248] The -7 sequence, SEQ LI NG: 19
{Atgctictectggteacaagectictgetcigtgagtiaccacacecageaticetectgateccagattgtgatatisaaggtaaagat
gocaaacaatatgagagigtictaatggticageatogatcaatiatiggacageatganagaaatiggtageaatigectgaataatgaa
ttiaactittttaaaagacatateigteatgctaataaggaagotatotititaticegigctgcicgeaagtigaggcaattictiaaaatgaat

agcactggtoatitigatciccactiatiaaaagiticagaaggcacaacaatacigitgaactgeactggccaggttaaagoaagaaaa

ccagetgecctgggicaageccaaccaacaaagagittggaagaaaataaatctitanaggaacagaaagaactgaatgactigiot
cctasagagactattacaagagataaaaactigttggaataaaaittigatggocactasagaacacctegagioa) WAaSs

amplified using forward primer set forth in SEQ ID NGO 17 (atecttcteciggtgacaage) and
reverse primer st forth in SEQ D NG 18
(gcageccgogtctagageggocgetcactegaggtatictitagtecee).

[0249] In some alternatives described herein, a method of making a genetically
modified immune cell for modifying a tumor microenvironment (TME) is provided, the
method comprising: delivering a first vector to an immune cell, wherein the first vector
comprises a nucleic acid encoding a protein that induces T-cell proliferation, promotes
persistence and/or activation of endogenous or adoptively transferred NK or T cells and/or
induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.

In some alternatives, the vector is a viral vector. In some alternatives, the viral vector is a

lentiviral vector. In some alternatives, the lentiviral vector is packaged with a Vpx protein. In
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some alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity.
In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or
IL21. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ ID NO: 35. In
some alternatives, the protein comprises interferon alpha, beta, or gamma. In some
alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some alternatives,
the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and wherein binding of
the PD-L1 protein fragment does not cause an agonist signal upon binding PD-1. In some
alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1 protein
fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated macrophages,
and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does not cause an
agonist signal upon binding. In some alternatives, the protein fragment comprises amino
acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the protein is a T-cell or NK-cell chemokine. In some alternatives, the
chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8/MCP-2, CCL11,
CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26,
CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-
2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10, ITAC/CXCL11, CXCL12, CXCL13 or
CXCL15. In some alternatives, the T-cell is a genetically modified T-cell. In some
alternatives, the genetically modified T-cell is genetically modified to express a chimeric
antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a
myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the
myeloid cell is a microglial cell. In some alternatives, the tumor is a glioma. In some
alternatives, the tumor is a glioblastoma. In some alternatives, the method further comprises
delivering to the immune cell, a second vector, wherein the second vector comprises a
nucleic acid encoding a Cas9 endonuclease and delivering to the immune cell a nucleic acid
encoding a CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at
least one target gene in in the cell, and wherein said nucleic acid can be present on the second
vector or a third vector. In some alternatives, the second vector is an mRNA. In some
alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human

cell. In some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha,
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RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some
alternatives, the primers for small guide RNAs for PDL1 CRISPR deletion comprise a
forward primer comprising a sequence set forth in SEQ ID NO: 20
(CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence set
form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some alternatives,
the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT). In some alternatives, the method further comprises
delivering to the immune cell, a fourth vector, wherein the fourth vector encodes a Cas9
VP64 fusion protein to activate transcription and translation of a second protein and
delivering to the immune cell a fifth vector, wherein the fifth vector comprises a CRISPR
guide RNA complimentary to at least one target gene in the cell. In some alternatives, the
second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-
12, IL-18, IL-23 or GM-CSF. In some alternatives, IL-15 is encoded by a sequence set forth
in SEQ ID NO: 35. In some alternatives, the fourth vector is an mRNA. In some alternatives,
the mRNA is codon optimized for expression in a eukaryotic cell, such as a human cell. In
some alternatives, the at least one target gene is an endogenous pro-inflammatory gene. In
some alternatives, the pro-inflammatory gene encodes IL-12p40, IL-15, IL-6, IL-1 beta,
TNF-alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives,
IL-15 1s encoded by a sequence set forth in SEQ ID NO: 35. In some alternatives, the first
vector further comprises a nucleic acid encoding a suicide gene system. In some alternatives,
the suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,

such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
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promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the immune
cell 1s selected from the group consisting of a macrophage, allogeneic cell, myeloid cell and a
monocyte. In some alternatives, the method further comprises differentiating the immune
cells. In some alternatives, the immune cells are differentiated to a pro-inflammatory
phenotype by culturing the cells with granulocyte macrophage colony stimulating factor. In
some alternatives, the cells are differentiated to an anti-inflammatory phenotype by culturing
the cells with a macrophage colony stimulating factor. In some alternatives, the T-cells that
are proliferated are selected from the group consisting of T-helper Cells, memory T-cells,
cytotoxic T-cells, suppressor T-cells, natural killer T cells, and gamma delta T-cells. In some
alternatives small designer proteins are used to occupy the PD-1 binding site without delivery
of an agonist signal. Additionally in some alternatives, single chain antibody-like proteins
generated using the sequence of monoclonal antibodies developed to inhibit PD-1 signaling
can be used to prevent complex agonist activity and is described in US8008449 B2
(incorporated by reference in its entirety). In some alternatives, the chemokine is CCLI,
CCL2, CCL3, CCR4, CCLS, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14,
CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGTF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL38, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the chemokines are selected from the group consisting of EGF, Eotaxin, FGF-2, FLT-3L,
Fractalkine, G-CSF, GM-CSF, GRO, IL-10, IL-12(p40), IL-12(p70), IL-13, IL-13, IL-15,
T18A, IL-1RA, Tl-1a, IL-1b, 11-2, 11-3, 11-4, 1I-5, 11-6, 1I-7, IL-8, IL-9, INF-0.2, INFy, IP-10,
MCP-1, MCP-3, MDC, MIP-1a, MIP-1b, PDGF-AA, PDGF-BB, RANTES, TGF-a, TGF-B,
VEGF, sCD401, 6CKINE, BCA-1, CTACK, ENA78, Eotaxin-2, Eotaxin-3, 1309, IL-16, IL-
20, TL-21, TL-23, TL-28a, IL-33, LIF, MCP-2, MCP-4, MIP-1d, SCF, SDF-1latb, TARC,
TPO, TRAIL, TSLP, CCL1ra/HCC-1, CCL19/MIP beta, CCL20/MIP alpha, CXCL11/1-
TAC, CXCL6/GCP2, CXCL7/NAP2, CXCL9/MIG, IL-11, IL-29/ING-gamma, M-CSF and
XCL1/Lymphotactin. In some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1
protein fragment, and wherein binding of the PD-L1 protein fragment does not cause an
agonist signal upon binding PD-1. In some alternatives, the protein comprises a PD-1 protein
fragment, wherein the PD-1 protein fragment binds PD-L1 or PD-L2 expressed by tumor

cells and/or associated macrophages, and wherein binding of the PD-1 protein fragment to
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PD-L1 or PD-L2 does not cause an agonist signal upon binding. In some alternatives, the
PD-L1 protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the method further comprises
delivering to the cell, a second vector, wherein the second vector comprises a nucleic acid
encoding a Cas9 endonuclease and delivering to the cell a nucleic acid encoding a CRISPR
guide RNA, wherein the CRISPR guide RNA is complimentary to at least one target gene in
in the cell, and wherein said nucleic acid is present on the second vector or a third vector. In
some alternatives, the second vector is an mRNA. In some alternatives, the target gene in the
cell encodes TGF-beta or IL-10. In some alternatives, the target gene is PD-L1, TGF-beta,
IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the method further comprises delivering to the cell,
a fourth vector, wherein the fourth vector encodes a Cas9 protein fused to a transcriptional
activator domain to activate transcription and translation of a second protein and delivering
to the cell a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA
complimentary to at least one target gene in the cell. In some alternatives the transcriptional
activation domain comprises a VP16, VP64 or a p65 activation domain. In some alternatives,
the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma,
IL-12, TL-18, IL-23 or GM-CSF. In some alternatives the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the pro-inflammatory gene
encodes IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-12, IL-18,
IL-23 or GM-CSF. In some alternatives, IL-15 1s encoded by a sequence set forth in SEQ ID
NO: 35. In some alternatives, codon optimizing is done by OptimumGene™, GeneGPS®
algorithms and other programs known to those skilled in the art.

[0250] In some alternatives, a genetically modified immune cell comprising a
first vector that comprises a nucleic acid encoding a protein that induces T-cell proliferation,
promotes persistence and/or activation of endogenous or adoptively transferred NK or T cells
and/or induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI1, MyD88, or a cytokine is provided. In some alternatives, the T-cell is a modified T-
cell. In some alternatives, the T-cell genetically modified to express a chimeric antigen

receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a myeloid
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cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid
cell 1s a microglial cell. In some alternatives, the tumor is a glioma. In some alternatives, the
tumor is a glioblastoma. In some alternatives, the vector is a viral vector. In some
alternatives, the viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is
packaged with a Vpx protein. In some alternatives, the protein supports or promotes T-cell
and/or NK-cell anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6,
IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a sequence
set forth in SEQ ID NO: 35. In some alternatives, the protein comprises interferon alpha,
beta, or gamma. In some alternatives, the protein comprises a PD-1 checkpoint binding
inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein
fragment, and wherein binding of the PD-L1 protein fragment does not cause an agonist
signal upon binding PD-1. In some alternatives, the protein comprises a PD-1 protein
fragment, wherein the PD-1 protein fragment binds PD-L1 or PD-L2 expressed by tumor
cells and/or associated macrophages, and wherein binding of the PD-1 protein fragment to
PD-L1 or PD-L2 does not cause an agonist signal upon binding. In some alternatives, the
PD-L1 protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma . In some alternatives, the protein is a T-cell or NK-cell
chemokine. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4,
CCLs, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17,
CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1),
Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10,
ITAC/CXCL11, CXCL12, CXCL13 or CXCLI15. In some alternatives, the genetically
modified immune cell further comprises a second vector, wherein the second vector
comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in the immune cell, and wherein said nucleic acid can be present on the second
vector or a third vector. In some alternatives, the second vector is an mRNA. In some
alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human
cell. In some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha,
RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some
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alternatives, the primers for small guide RNAs for PDL1 CRISPR deletion comprise a
forward primer comprising a sequence set forth in SEQ ID NO: 20
(CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence set
form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some alternatives,
the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, I1L-12, IL-18, IL-23 or GM-CSF. In some alternatives, IL-15
is encoded by a sequence set forth in SEQ ID NO: 35. In some alternatives, the fourth vector
is an mRNA. In some alternatives, the mRNA 1s codon optimized for expression in a
eukaryotic cell, such as a human cell. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the at least one target gene encodes
for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF,
EGF, WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic
acid encoding a suicide gene system. In some alternatives, the suicide gene system is a
Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system
or an inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding
said protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the cell is selected from the group consisting of a

macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
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some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
In some alternatives small designer proteins are used to occupy the PD-1 binding site without
delivery of an agonist signal. In some alternatives, the PD-L1 protein comprising residues
62-136 1s used to block binding. In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the cytokine 1s IL-2, IL-1B, IFNy, IL-1, IL-7, IL-15, IL12, IL-18, IL-21 or
IL-33. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-
18 or IL21. In some alternatives, the chemokine is CCL1, CCL2, CCL3, CCR4, CCLS5,
CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCLI19,
CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin,
FGF, EGF, 1IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI1O,
ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives, the chemokines are
selected from the group consisting of EGF, Eotaxin, FGF-2, FLT-3L, Fractalkine, G-CSF,
GM-CSF, GRO, IL-10, IL-12(p40), IL-12(p70), IL-13, IL-13, IL-15, T118A, IL-1RA, Il-1a,
IL-1b, 11-2, 11-3, T1-4, 11-5, 11-6, 11-7, IL-8, IL-9, INF-02, INFy, IP-10, MCP-1, MCP-3, MDC,
MIP-1a, MIP-1b, PDGF-AA, PDGF-BB, RANTES, TGF-o, TGF-B, VEGF, sCD401,
6CKINE, BCA-1, CTACK, ENA78, Eotaxin-2, Eotaxin-3, 1309, IL-16, IL-20, IL-21, IL-23,
IL-28a, IL-33, LIF, MCP-2, MCP-4, MIP-1d, SCF, SDF-1atb, TARC, TPO, TRAIL, TSLP,
CCL1ra/HCC-1, CCL19/MIP beta, CCL20/MIP alpha, CXCL11/1-TAC, CXCL6/GCP2,
CXCL7/NAP2, CXCLO/MIG, IL-11, IL-29/ING-gamma, M-CSF and XCL1/Lymphotactin.
In some alternatives, IL-15 is encoded by a sequence set forth in SEQ ID NO: 35. In some
alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and wherein
binding of the PD-L1 protein fragment does not cause an agonist signal upon binding PD-1.
In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does

not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein fragment
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comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is
a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta, or
interferon gamma. In some alternatives, the second vector is an mRNA. In some alternatives,
the target gene in the cell encodes TGF-beta or IL-10. In some alternatives, the target gene is
PD-L1, TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17,
VEGF, EGF, WNT7beta, or PGE. In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 protein fused to a
transcriptional activator domain to activate transcription and translation of a second protein
and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA complimentary
to at least one target gene in the cell. In some alternatives the transcriptional activation
domain comprises a VP16, VP64 or a p65 activation domain. More alternatives concern any
one or more of the aforementioned genetically modified immune cells, alone or in
combination, for use as a medicament e.g., to treat or inhibit a cancer such as a breast cancer,
brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal
cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck
cancer, sarcomas, neuroblastomas and ovarian cancer. In some alternatives, the genetically
modified immune cell expresses EGFRVIII 806 CAR and a chimeric IL7 receptor fused to
CD122.

[0251] In some alternatives a composition is provided, wherein the composition
comprises any one or more of the genetically modified immune cells of any one or more of
the alternatives described herein and a carrier, anti-cancer therapeutic, anti-infection
therapeutic, antibacterial therapeutic, anti-viral therapeutic, or anti-tumoral therapeutic. In
some alternatives, the T-cells that are proliferated are selected from the group consisting of
T-helper Cells, memory T-cells, cytotoxic T-cells, suppressor T-cells, natural killer T cells,
and gamma delta T-cells.

[0252] In some alternatives, a composition is provided. The composition can
comprise any one or more of the genetically modified immune cells of any one or more of
the alternatives described herein and a carrier, anti-cancer therapeutic, anti-infection
therapeutic, antibacterial therapeutic, anti-viral therapeutic, or anti-tumoral therapeutic. In
some alternatives, the genetically modified immune cell comprises a first vector that

comprises a nucleic acid encoding a protein that induces T-cell proliferation, promotes
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persistence and activation of endogenous or adoptively transferred NK or T cells and/or
induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine o, is provided. In some alternatives, the T-cell is a modified T-
cell. In some alternatives, the T-cell genetically modified to express a chimeric antigen
receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a myeloid
cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid
cell 1s a microglial cell. In some alternatives, the tumor is a glioma. In some alternatives, the
tumor is a glioblastoma. In some alternatives, the vector is a viral vector. In some
alternatives, the viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is
packaged with a Vpx protein. In some alternatives, the protein supports or promotes T-cell
and/or NK-cell anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6,
IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a sequence
set forth in SEQ ID NO: 35. In some alternatives, the protein comprises interferon alpha,
beta, or gamma. In some alternatives, the protein comprises a PD-1 checkpoint binding
inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein
fragment, and wherein binding of the PD-L1 protein fragment does not cause an agonist
signal upon binding PD-1. In some alternatives, the protein comprises a PD-1 protein
fragment, wherein the PD-1 protein fragment binds PD-L1 or PD-L2 expressed by tumor
cells and/or associated macrophages, and wherein binding of the PD-1 protein fragment to
PD-L1 or PD-L2 does not cause an agonist signal upon binding. In some alternatives, the
PD-L1 protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the protein is a T-cell or NK-cell
chemokine. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4,
CCLs, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17,
CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1),
Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10,
ITAC/CXCL11, CXCL12, CXCL13 or CXCLI15. In some alternatives, the genetically
modified immune cell further comprises a second vector, wherein the second vector
comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a

CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
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target gene in the immune cell, and wherein said nucleic acid can be present on the second
vector or a third vector. In some alternatives, the second vector is an mRNA. In some
alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human
cell. In some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha,
RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some
alternatives, the primers for small guide RNAs for PDL1 CRISPR deletion comprise a
forward primer comprising a sequence set forth in SEQ ID NO: 20
(CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence set
form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some alternatives,
the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, I1L-12, IL-18, IL-23 or GM-CSF. In some alternatives, IL-15
is encoded by a sequence set forth in SEQ ID NO: 35. In some alternatives, the fourth vector
is an mRNA. In some alternatives, the mRNA is codon optimized for expression in a
eukaryotic cell, such as a human cell. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the at least one target gene encodes
for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF,
EGF, WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic
acid encoding a suicide gene system. In some alternatives, the suicide gene system is a
Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system
or an inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding

said protein is under the control of a regulatory element. In some alternatives, the regulatory
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element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the cell is selected from a group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
In some alternatives small designer proteins are used to occupy the PD-1 binding site without
delivery of an agonist signal. In some alternatives, the PD-L1 protein comprising residues
62-136 1s used to block binding. In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the cytokine i1s IL-2, IL-1p, IFNy, IL-1, IL-7, IL-15, IL12, IL-18, IL-21 or
IL-33. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-
18 or IL21. In some alternatives, the chemokine is CCL1, CCL2, CCL3, CCR4, CCLS5,
CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCLI19,
CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin,
FGF, EGF, 1IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI1O,
ITAC/CXCLI11, CXCL12, CXCL13 or CXCL15. In some alternatives, IL-15 is encoded by a
sequence set forth in SEQ ID NO: 35. In some alternatives, the chemokines are selected from
a group consisting of EGF, Eotaxin, FGF-2, FLT-3L, Fractalkine, G-CSF, GM-CSF, GRO,
IL-10, IL-12(p40), IL-12(p70), IL-13, IL-13, IL-15, TI18A, IL-1RA, II-1a, IL-1b, T1-2, 11-3, II-
4, 11-5, 11-6, T1-7, IL-8, IL-9, INF-02, INFy, IP-10, MCP-1, MCP-3, MDC, MIP-1a, MIP-1b,
PDGF-AA, PDGF-BB, RANTES, TGF-o, TGF-B, VEGF, sCD401, 6CKINE, BCA-1,
CTACK, ENA78, Eotaxin-2, Eotaxin-3, 1309, IL-16, IL-20, IL-21, IL-23, IL-28a, IL-33,
LIF, MCP-2, MCP-4, MIP-1d, SCF, SDF-1atb, TARC, TPO, TRAIL, TSLP, CCL1ra/HCC-
1, CCL19/MIP beta, CCL20/MIP alpha, CXCL11/1-TAC, CXCL6/GCP2, CXCL7/NAP2,
CXCLOMIG, IL-11, IL-29/ING-gamma, M-CSF and XCLI1/Lymphotactin. In some

alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and wherein
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binding of the PD-L1 protein fragment does not cause an agonist signal upon binding PD-1.
In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does
not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein fragment
comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is
a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta, or
interferon gamma. In some alternatives, the second vector is an mRNA. In some alternatives,
the target gene in the cell encodes TGF-beta or IL-10. In some alternatives, the target gene is
PD-L1, TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17,
VEGF, EGF, WNT7beta, or PGE. In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 protein fused to a
transcriptional activator domain to activate transcription and translation of a second protein
and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA complimentary
to at least one target gene in the cell. In some alternatives the transcriptional activation
domain comprises a VP16, VP64 or a p65 activation domain.

[0253] In some alternatives, a method of modulating the suppression of the
immune response in a tumor microenvironment of a subject in need thereof e.g., a human is
provided, wherein the method comprises administering any one or more of the genetically
modified immune cells of any one or more of the alternatives described herein or any one or
more the compositions of any one of the alternatives described herein to a subject in need
thereof and, optionally, selecting or identifying said subject to receive said genetically
modified immune cells and/or measuring a modulation of suppression of the immune
response in the tumor microenvironment of said subject after administration of said
genetically modified immune cells. In some alternatives, the genetically modified immune
cell comprises a first vector that comprises a nucleic acid encoding a protein that induces T-
cell proliferation, promotes persistence and activation of endogenous or adoptively
transferred NK or T cells and/or induces production of an interleukin, an interferon, a PD-
Icheckpoint binding protein, HMGB1, MyD88, or a cytokine is provided. In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,

interferon beta, or interferon gamma. In some alternatives, the T-cell is a modified T-cell. In

-173-



WO 2017/044487 PCT/US2016/050552

some alternatives, the T-cell genetically modified to express a chimeric antigen receptor
(CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a myeloid cell. In
some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid cell is
a microglial cell. In some alternatives, the tumor is a glioma. In some alternatives, the tumor
is a glioblastoma. In some alternatives, the vector is a viral vector. In some alternatives, the
viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2,IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ
ID NO: 35. In some alternatives, the protein comprises interferon alpha, beta, or gamma. In
some alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some
alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and wherein
binding of the PD-L1 protein fragment does not cause an agonist signal upon binding PD-1.
In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does
not cause an agonist signal upon binding. In some alternatives, the protein is a T-cell or NK-
cell chemokine. In some alternatives, the PD-L1 protein fragment comprises amino acids 62-
136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCLS, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLI11,
CXCL12, CXCL13 or CXCL15. In some alternatives, the genetically modified immune cell
further comprises a second vector, wherein the second vector comprises a nucleic acid
encoding a Cas9 endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein
the CRISPR guide RNA is complimentary to at least one target gene in the immune cell, and
wherein said nucleic acid can be present on the second vector or a third vector. In some
alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is codon

optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
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target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206, IL-4, CCL22,
CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the primers for small guide
RNAs for PDL1 CRISPR deletion comprise a forward primer comprising a sequence set
forth in SEQ ID NO: 20 (CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer
comprising a sequence set form in SEQ ID NO: 21
(AAACAAGGCCGAAGTCATCTGGACC). In some alternatives, the PD-L1 small guide
RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, I1L-12, IL-18, IL-23 or GM-CSF. In some alternatives, IL-15
is encoded by a sequence set forth in SEQ ID NO: 35. In some alternatives, the fourth vector
is an mRNA. In some alternatives, the mRNA 1is codon optimized for expression in a
eukaryotic cell, such as a human cell. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the at least one target gene encodes
for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF,
EGF, WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic
acid encoding a suicide gene system. In some alternatives, the suicide gene system is a
Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system
or an inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding
said protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some

alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
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metabolites. In some alternatives, the cell is selected from a group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
In some alternatives small designer proteins are used to occupy the PD-1 binding site without
delivery of an agonist signal. In some alternatives, the PD-L1 protein comprising residues
62-136, is used to block binding. In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the cytokine 1s IL-2, IL-1B, IFNy, IL-1, IL-7, IL-15, IL12, IL-18, IL-21 or
IL-33. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-
18 or IL21. In some alternatives, the chemokine is CCL1, CCL2, CCL3, CCR4, CCLS5,
CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCLI19,
CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin,
FGF, EGF, 1IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI1O,
ITAC/CXCLI11, CXCL12, CXCL13 or CXCL15. In some alternatives, IL-15 is encoded by a
sequence set forth in SEQ ID NO: 35. In some alternatives, the chemokines are selected from
the group consisting of EGF, Eotaxin, FGF-2, FLT-3L, Fractalkine, G-CSF, GM-CSF, GRO,
IL-10, IL-12(p40), IL-12(p70), IL-13, IL-13, IL-15, TI18A, IL-1RA, II-1a, IL-1b, T1-2, 11-3, II-
4, 11-5, 11-6, T1-7, IL-8, IL-9, INF-02, INFy, IP-10, MCP-1, MCP-3, MDC, MIP-1a, MIP-1b,
PDGF-AA, PDGF-BB, RANTES, TGF-a, TGF-B, VEGF, sCD401, 6CKINE, BCA-1,
CTACK, ENA78, Eotaxin-2, Eotaxin-3, 1309, IL-16, IL-20, IL-21, IL-23, IL-28a, IL-33,
LIF, MCP-2, MCP-4, MIP-1d, SCF, SDF-1atb, TARC, TPO, TRAIL, TSLP, CCL1ra/HCC-
1, CCL19/MIP beta, CCL20/MIP alpha, CXCL11/1-TAC, CXCL6/GCP2, CXCL7/NAP2,
CXCLOMIG, IL-11, IL-29/ING-gamma, M-CSF and XCLI1/Lymphotactin. In some
alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and wherein
binding of the PD-L1 protein fragment does not cause an agonist signal upon binding PD-1.
In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1

protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
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macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does
not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein fragment
comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is
a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta, or
interferon gamma. In some alternatives, the second vector is an mRNA. In some alternatives,
the target gene in the cell encodes TGF-beta or IL-10. In some alternatives, the target gene is
PD-L1, TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17,
VEGF, EGF, WNT7beta, or PGE. In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 protein fused to a
transcriptional activator domain to activate transcription and translation of a second protein
and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA complimentary
to at least one target gene in the cell. In some alternatives the transcriptional activation
domain comprises a VP16, VP64 or a p65 activation domain. In some alternatives, the
administering 1s performed by adoptive cell transfer. In some alternatives, the genetically
modified immune cells are administered by direct delivery to a tumor bed by injection. In
some alternatives, the subject in need suffers from cancer. In some alternatives, the cancer is
a solid tumor. In some alternatives, the solid tumor is selected from the group consisting of a
breast cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon
cancer, renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head
cancer, neck cancer, sarcomas, neuroblastomas and ovarian cancer. In some alternatives, the
genetically modified immune cell expresses EGFRVIIT 806 CAR and a chimeric IL7 receptor
fused to CD122. In some alternatives, the method further comprises administering a cellular
therapy to the subject in need thereof before, after or simultaneous to introducing, providing,
or administering any one or more of the cells of any one of the alternatives described herein.
In some alternatives, the cellular therapy is CAR T-cell therapy. In some alternatives, the
method further comprises delivering antibodies or binding fragments thereof, small
molecules, heat shock protein-peptide complexes or oncolytic polio virus to the subject in
need thereof before, after, or simultaneous to introducing, providing, or administering any
one or more of the cells of any one of the alternatives described herein into the subject for
therapy. In some alternatives, the antibodies or binding fragments thereof are specific for

alphafetoprotein, carcinoembryonic antigen, CA-125, MUC-1, Epithelial tumor antigen,
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Tyrosinase, Melanoma associated antigen (MAGE), HER2, and/or abnormal products of ras
or pS3. In some alternatives, the method further comprises administering to the subject in
need a prodrug. In some alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506
or a chemical inducer of dimerization. In some alternatives, the method further comprises
administering to the subject a drug before, after or simultaneous to introducing, providing, or
administering any one or more of the cells of any one of the alternatives described herein. In
some alternatives, the drug is tamoxifen and/or its metabolites. In some alternatives, the
subject is identified or selected to receive anti-cancer therapy, anti-infection therapy,
antibacterial therapy, anti-viral therapy, or anti-tumoral therapy. In some alternatives, the
method further comprises further comprising introducing, providing, or administering to said
subject an additional therapeutic agent, such as a chemotherapeutic agent, an antiviral agent,
or an antibacterial agent or an adjunct therapy such as radiation therapy and/or surgery
before, after or simultaneous to introducing, providing, or administering any one or more of
the cells of any one of the alternatives described herein. In some alternatives, the additional
therapeutic agent is an anti-cancer therapy comprising a hormone blocking therapy,
chemotherapy, a small molecule, monoclonal antibodies or binding fragments thereof, and/or
radiation. In some alternatives, the monoclonal antibody or binding fragments thereof is
specific for Her2, CD52, CD20, CD25, VEGF or EGRF. In some alternatives, the hormone
blocking therapy comprises delivery of tamoxifen, anastrozole, and/or letrozole. In some
alternatives, the small molecule comprises a tyrosine kinase inhibitor, a small molecule drug
conjugates, a serine kinase inhibitor and/or a threonine kinase inhibitor.

[0254] In some alternatives, a method of minimizing the proliferation of tumor
and suppressive cells in a subject in need thereof is provided, wherein the method comprises
administering any one or more of the genetically modified immune cells of any one or more
of the alternatives described herein or any one or more the compositions of any one of the
alternatives described herein to a subject in need thereof and, optionally, selecting or
identifying said subject to receive said genetically modified immune cells and/or measuring
the proliferation of tumor and suppressive cells in said subject after administration of said
genetically modified immune cells. In some alternatives, the genetically modified immune
cell comprises a first vector that comprises a nucleic acid encoding a protein that induces T-

cell proliferation, promotes persistence and activation of endogenous or adoptively
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transferred NK or T cells and/or induces production of an interleukin, an interferon, a PD-
Icheckpoint binding protein, HMGB1, MyD88, or a cytokine is provided. In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the T-cell is a modified T-cell. In
some alternatives, the T-cell genetically modified to express a chimeric antigen receptor
(CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a myeloid cell. In
some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid cell is
a microglial cell. In some alternatives, the tumor is a glioma. In some alternatives, the tumor
is a glioblastoma. In some alternatives, the vector is a viral vector. In some alternatives, the
viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2,IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ
ID NO: 35. In some alternatives, the protein comprises interferon alpha, beta, or gamma. In
some alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some
alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and wherein
binding of the PD-L1 protein fragment does not cause an agonist signal upon binding PD-1.
In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does
not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein fragment
comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is
a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta, or
interferon gamma. In some alternatives, the protein is a T-cell or NK-cell chemokine. In
some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCLS, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLI11,
CXCL12, CXCL13 or CXCL15. In some alternatives, the genetically modified immune cell
further comprises a second vector, wherein the second vector comprises a nucleic acid

encoding a Cas9 endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein
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the CRISPR guide RNA is complimentary to at least one target gene in the immune cell, and
wherein said nucleic acid can be present on the second vector or a third vector. In some
alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206, IL-4, CCL22,
CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the primers for small guide
RNAs for PDL1 CRISPR deletion comprise a forward primer comprising a sequence set
forth in SEQ ID NO: 20 (CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer
comprising a sequence set form in SEQ ID NO: 21
(AAACAAGGCCGAAGTCATCTGGACC). In some alternatives, the PD-L1 small guide
RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives, the
fourth vector is an mRNA. In some alternatives, IL-15 is encoded by a sequence set forth in
SEQ ID NO: 35. In some alternatives, the mRNA 1s codon optimized for expression in a
eukaryotic cell, such as a human cell. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the at least one target gene encodes
for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF,
EGF, WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic
acid encoding a suicide gene system. In some alternatives, the suicide gene system is a
Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system

or an inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding
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said protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the cell is selected from a group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
In some alternatives small designer proteins are used to occupy the PD-1 binding site without
delivery of an agonist signal. In some alternatives, the PD-L1 protein comprising residues
62-136, is used to block binding. In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the cytokine 1s IL-2, IL-1B, IFNy, IL-1, IL-7, IL-15, IL12, IL-18, IL-21 or
IL-33. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-
18 or IL21. In some alternatives, the chemokine is CCL1, CCL2, CCL3, CCR4, CCLS5,
CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCLI19,
CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin,
FGF, EGF, 1IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI1O,
ITAC/CXCLI11, CXCL12, CXCL13 or CXCL15. In some alternatives, IL-15 is encoded by a
sequence set forth in SEQ ID NO: 35. In some alternatives, the chemokines are selected from
the group consisting of EGF, Eotaxin, FGF-2, FLT-3L, Fractalkine, G-CSF, GM-CSF, GRO,
IL-10, IL-12(p40), IL-12(p70), IL-13, IL-13, IL-15, TI18A, IL-1RA, II-1a, IL-1b, T1-2, 11-3, II-
4, 11-5, 11-6, T1-7, IL-8, IL-9, INF-02, INFy, IP-10, MCP-1, MCP-3, MDC, MIP-1a, MIP-1b,
PDGF-AA, PDGF-BB, RANTES, TGF-o, TGF-B, VEGF, sCD401, 6CKINE, BCA-1,
CTACK, ENA78, Eotaxin-2, Eotaxin-3, 1309, TL-16, IL-20, TL-21, IL-23, TL-28a, IL-33,
LIF, MCP-2, MCP-4, MIP-1d, SCF, SDF-1atb, TARC, TPO, TRAIL, TSLP, CCL1ra/HCC-
1, CCL19/MIP beta, CCL20/MIP alpha, CXCL11/1-TAC, CXCL6/GCP2, CXCL7/NAP2,
CXCLOMIG, IL-11, IL-29/ING-gamma, M-CSF and XCLI1/Lymphotactin. In some
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alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and wherein
binding of the PD-L1 protein fragment does not cause an agonist signal upon binding PD-1.
In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does
not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein fragment
comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is
a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta, or
interferon gamma. In some alternatives, the second vector is an mRNA. In some alternatives,
the target gene in the cell encodes TGF-beta or IL-10. In some alternatives, the target gene is
PD-L1, TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17,
VEGF, EGF, WNT7beta, or PGE. In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 protein fused to a
transcriptional activator domain to activate transcription and translation of a second protein
and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA complimentary
to at least one target gene in the cell. In some alternatives the transcriptional activation
domain comprises a VP16, VP64 or a p65 activation domain. In some alternatives, the
composition comprises any one or more of the genetically modified immune cells of any one
or more of the alternative genetically modified immune cells described herein and a carrier,
anti-cancer therapeutic, anti-infection therapeutic, antibacterial therapeutic, anti-viral
therapeutic, or anti-tumoral therapeutic. In some alternatives, the administering is performed
by adoptive cell transfer. In some alternatives, the genetically modified immune cells are
administered by direct delivery to a tumor bed by injection. In some alternatives, the subject
in need suffers from cancer. In some alternatives, the cancer is a solid tumor. In some
alternatives, the solid tumor is selected from the group consisting of a breast cancer, brain
cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal cancer,
pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck cancer,
sarcomas, neuroblastomas and ovarian cancer. In some alternatives, the genetically modified
immune cell expresses EGFRVIII 806 CAR and a chimeric IL7 receptor fused to CD122. In
some alternatives, the method further comprises administering a cellular therapy to the

subject in need thereof before, after or simultaneous to introducing, providing, or
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administering any one or more of the cells of any one of the alternatives described herein. In
some alternatives, the cellular therapy is CAR T-cell therapy. In some alternatives, the
method further comprises delivering antibodies or binding fragments thereof, small
molecules, heat shock protein-peptide complexes or oncolytic polio virus to the subject in
need thereof before, after, or simultaneous to introducing, providing, or administering any
one or more of the cells of any one of the alternatives described herein into the subject for
therapy. In some alternatives, the antibodies or binding fragments thereof are specific for
alphafetoprotein, carcinoembryonic antigen, CA-125, MUC-1, Epithelial tumor antigen,
Tyrosinase, Melanoma associated antigen (MAGE), HER2, and/or abnormal products of ras
or pS3. In some alternatives, the method further comprises administering to the subject in
need a prodrug. In some alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506
or a chemical inducer of dimerization. In some alternatives, the method further comprises
administering to the subject a drug before, after or simultaneous to introducing, providing, or
administering any one or more of the cells of any one of the alternatives described herein. In
some alternatives, the drug is tamoxifen and/or its metabolites. In some alternatives, the
subject 1s identified or selected to receive anti-cancer therapy, anti-infection therapy,
antibacterial therapy, anti-viral therapy, or anti-tumoral therapy. In some alternatives, the
method further comprises further comprising introducing, providing, or administering to said
subject an additional therapeutic agent, such as a chemotherapeutic agent, an antiviral agent,
or an antibacterial agent or an adjunct therapy such as radiation therapy and/or surgery
before, after or simultaneous to introducing, providing, or administering any one or more of
the cells of any one of the alternatives described herein. In some alternatives, the additional
therapeutic agent is an anti-cancer therapy comprising a hormone blocking therapy,
chemotherapy, a small molecule, monoclonal antibodies or binding fragments thereof, and/or
radiation. In some alternatives, the monoclonal antibody is specific for Her2, CD52, CD20,
CD25, VEGF or EGRF. In some alternatives, the hormone blocking therapy comprises
delivery of tamoxifen, anastrozole, and/or letrozole. In some alternatives, the small molecule
comprises a tyrosine kinase inhibitor, a small molecule drug conjugates, a serine kinase
inhibitor and/or a threonine kinase inhibitor.

[0255] In some alternatives, a method of increasing the efficiency of an anti-

cancer therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy, or anti-
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tumoral therapy in a subject e.g., a human in need thereof is provided, wherein the method
comprises administering any one or more of the genetically modified immune cells of any
one or more of the alternatives described herein or any one or more the compositions of any
one of the alternatives described herein to a subject in need thereof and, optionally, selecting
or identifying said subject to receive said genetically modified immune cells and/or
measuring the proliferation of the cancer, infection, bacteria, virus, or tumor in said subject
after administration of said genetically modified immune cells. In some alternatives, the
genetically modified immune cell comprises a first vector that comprises a nucleic acid
encoding a protein that induces T-cell proliferation, promotes persistence and activation of
endogenous or adoptively transferred NK or T cells and/or induces production of an
interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, or a cytokine
is provided. In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein
and interferon alpha, interferon beta, or interferon gamma. In some alternatives, the T-cell 1s
a modified T-cell. In some alternatives, the T-cell genetically modified to express a chimeric
antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a
myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the
myeloid cell is a microglial cell. In some alternatives, the tumor is a glioma. In some
alternatives, the tumor is a glioblastoma. In some alternatives, the vector is a viral vector. In
some alternatives, the viral vector is a lentiviral vector. In some alternatives, the lentiviral
vector 1s packaged with a Vpx protein. In some alternatives, the protein supports or promotes
T-cell and/or NK-cell anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1,
IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a
sequence set forth in SEQ ID NO: 35. In some alternatives, the protein comprises interferon
alpha, beta, or gamma. In some alternatives, the protein comprises a PD-1 checkpoint
binding inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1
protein fragment, and wherein binding of the PD-L1 protein fragment does not cause an
agonist signal upon binding PD-1. In some alternatives, the protein comprises a PD-1 protein
fragment, wherein the PD-1 protein fragment binds PD-L1 or PD-L2 expressed by tumor
cells and/or associated macrophages, and wherein binding of the PD-1 protein fragment to
PD-L1 or PD-L2 does not cause an agonist signal upon binding. In some alternatives, the

PD-L1 protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some
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alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the protein is a T-cell or NK-cell
chemokine. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4,
CCLs, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17,
CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1),
Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10,
ITAC/CXCL11, CXCL12, CXCL13 or CXCLI15. In some alternatives, the genetically
modified immune cell further comprises a second vector, wherein the second vector
comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in the immune cell, and wherein said nucleic acid can be present on the second
vector or a third vector. In some alternatives, the second vector is an mRNA. In some
alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human
cell. In some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha,
RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some
alternatives, the primers for small guide RNAs for PDL1 CRISPR deletion comprise a
forward primer comprising a sequence set forth in SEQ ID NO: 20
(CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence set
form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some alternatives,
the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives, the
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fourth vector is an mRNA. In some alternatives, IL-15 is encoded by a sequence set forth in
SEQ ID NO: 35. In some alternatives, the mRNA is codon optimized for expression in a
eukaryotic cell, such as a human cell. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the at least one target gene encodes
for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF,
EGF, WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic
acid encoding a suicide gene system. In some alternatives, the suicide gene system is a
Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system
or an inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding
said protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the cell is selected from a group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
In some alternatives small designer proteins are used to occupy the PD-1 binding site without
delivery of an agonist signal. In some alternatives, the PD-L1 protein comprising residues
62-136, i1s used to block binding. In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In
some alternatives, the cytokine 1s IL-2, IL-1B, IFNy, IL-1, IL-7, IL-15, IL12, IL-18, IL-21 or
IL-33. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-
18 or IL21. In some alternatives, the chemokine 1s CCL1, CCL2, CCL3, CCR4, CCLS5,
CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCLI19,
CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin,
FGF, EGF, 1IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI1O,
ITAC/CXCLI11, CXCL12, CXCL13 or CXCL15. In some alternatives, IL-15 is encoded by a
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sequence set forth in SEQ ID NO: 35. In some alternatives, the chemokines are selected from
the group consisting of EGF, Eotaxin, FGF-2, FLT-3L, Fractalkine, G-CSF, GM-CSF, GRO,
IL-10, IL-12(p40), IL-12(p70), IL-13, IL-13, IL-15, TI18A, IL-1RA, II-1a, IL-1b, T1-2, 11-3, II-
4, 11-5, 11-6, T1-7, IL-8, IL-9, INF-02, INFy, IP-10, MCP-1, MCP-3, MDC, MIP-1a, MIP-1b,
PDGF-AA, PDGF-BB, RANTES, TGF-a, TGF-B, VEGF, sCD401, 6CKINE, BCA-1,
CTACK, ENA78, Eotaxin-2, Eotaxin-3, 1309, IL-16, IL-20, IL-21, IL-23, IL-28a, IL-33,
LIF, MCP-2, MCP-4, MIP-1d, SCF, SDF-1atb, TARC, TPO, TRAIL, TSLP, CCL1ra/HCC-
1, CCL19/MIP beta, CCL20/MIP alpha, CXCL11/1-TAC, CXCL6/GCP2, CXCL7/NAP2,
CXCLOMIG, IL-11, IL-29/ING-gamma, M-CSF and XCLI1/Lymphotactin. In some
alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and wherein
binding of the PD-L1 protein fragment does not cause an agonist signal upon binding PD-1.
In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does
not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein fragment
comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is
a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta, or
interferon gamma . In some alternatives, the second vector is an mRNA. In some alternatives,
the target gene in the cell encodes TGF-beta or IL-10. In some alternatives, the target gene is
PD-L1, TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17,
VEGF, EGF, WNT7beta, or PGE. In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 protein fused to a
transcriptional activator domain to activate transcription and translation of a second protein
and a fifth vector, wherein the fifth vector comprises a CRISPR guide RNA complimentary
to at least one target gene in the cell. In some alternatives the transcriptional activation
domain comprises a VP16, VP64 or a p65 activation domain. In some alternatives, the
composition comprises any one or more of the genetically modified immune cells of any one
or more of the alternative genetically modified immune cells described herein and a carrier,
anti-cancer therapeutic, anti-infection therapeutic, antibacterial therapeutic, anti-viral
therapeutic, or anti-tumoral therapeutic. In some alternatives, the administering is performed

by adoptive cell transfer. In some alternatives, the genetically modified immune cells are
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administered by direct delivery to a tumor bed by injection. In some alternatives, the subject
in need suffers from cancer. In some alternatives, the cancer is a solid tumor. In some
alternatives, the solid tumor is selected from the group consisting of a breast cancer, brain
cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal cancer,
pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck cancer,
sarcomas, neuroblastomas and ovarian cancer. In some alternatives, the genetically modified
immune cell expresses EGFRVIII 806 CAR and a chimeric IL7 receptor fused to CD122. In
some alternatives, the method further comprises administering a cellular therapy to the
subject in need thereof before, after or simultaneous to introducing, providing, or
administering any one or more of the cells of any one of the alternatives described herein. In
some alternatives, the cellular therapy is CAR T-cell therapy. In some alternatives, the
method further comprises delivering antibodies or binding fragments thereof, small
molecules, heat shock protein-peptide complexes or oncolytic polio virus to the subject in
need thereof before, after, or simultaneous to introducing, providing, or administering any
one or more of the cells of any one of the alternatives described herein into the subject for
therapy. In some alternatives, the antibodies or binding fragments thereof are specific for
alphafetoprotein, carcinoembryonic antigen, CA-125, MUC-1, Epithelial tumor antigen,
Tyrosinase, Melanoma associated antigen (MAGE), HER2, and/or abnormal products of ras
or pS3. In some alternatives, the method further comprises administering to the subject in
need a prodrug. In some alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506
or a chemical inducer of dimerization. In some alternatives, the method further comprises
administering to the subject a drug before, after or simultaneous to introducing, providing, or
administering any one or more of the cells of any one of the alternatives described herein. In
some alternatives, the drug is tamoxifen and/or its metabolites. In some alternatives, the
subject 1s identified or selected to receive anti-cancer therapy, anti-infection therapy,
antibacterial therapy, anti-viral therapy, or anti-tumoral therapy. In some alternatives, the
method further comprises further comprising introducing, providing, or administering to said
subject an additional therapeutic agent, such as a chemotherapeutic agent, an antiviral agent,
or an antibacterial agent or an adjunct therapy such as radiation therapy and/or surgery
before, after or simultaneous to introducing, providing, or administering any one or more of

the cells of any one of the alternatives described herein. In some alternatives, the additional
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therapeutic agent is an anti-cancer therapy comprising a hormone blocking therapy,
chemotherapy, a small molecule, monoclonal antibodies or binding fragments thereof, and/or
radiation. In some alternatives, the monoclonal antibody or binding fragments thereof is
specific for Her2, CD52, CD20, CD25, VEGF or EGRF. In some alternatives, the hormone
blocking therapy comprises delivery of tamoxifen, anastrozole, and/or letrozole. In some
alternatives, the small molecule comprises a tyrosine kinase inhibitor, a small molecule drug
conjugates, a serine kinase inhibitor and/or a threonine kinase inhibitor.

[0256] In some alternatives, a method of making a genetically modified immune
cell for modifying a tumor microenvironment (TME) of a tumor is provided. The method can
include delivering a first vector to an immune cell, wherein the first vector comprises a
nucleic acid encoding a protein that induces T-cell proliferation, promotes persistence and
activation of endogenous or adoptively transferred NK or T cells and/or induces production
of an interleukin, an interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a
cytokine or a chemokine. In some alternatives, the protein is a fusion of PD-1 checkpoint
binding protein and interferon alpha, interferon beta, or interferon gamma. In some
alternatives, the first vector is a viral vector. In some alternatives, the viral vector is a
lentiviral vector. In some alternatives, the lentiviral vector is packaged with a Vpx protein. In
some alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity.
In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or
IL21. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ ID NO: 35. In
some alternatives, the protein comprises interferon alpha, interferon beta, or interferon
gamma. In some alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In
some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein fragment, and
wherein binding of the PD-L1 protein fragment does not cause an agonist signal upon
binding PD-1. In some alternatives, the protein comprises a PD-1 protein fragment, wherein
the PD-1 protein fragment binds PD-L1 or PD-L2 expressed by tumor cells and/or associated
macrophages, and wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does
not cause an agonist signal upon binding. In some alternatives, the PD-L1 protein fragment
comprises amino acids 62-136 of PD-
L1I(KNIQFVHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLQDAGVYRCM
ISYGGADYKRITVKVNAPYNKI; SEQ ID NO: 7). In some alternatives, the protein is a
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fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon
gamma. In some alternatives, the protein is a T-cell or NK-cell chemokine. In some
alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCLS5, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLI11,
CXCL12, CXCL13 or CXCL15. In some alternatives, the immune cell is selected from the
group consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte and a human
monocyte. In some alternatives, the immune cell is a T cell. In some alternatives, the immune
cell 1s an NK cell. In some alternatives, the immune cell is a genetically modified NK cell. In
some alternatives, the T-cell is a genetically modified T-cell. In some alternatives, the
genetically modified T-cell is genetically modified to express a chimeric antigen receptor
(CAR) or T-cell receptor (Tcr). In some alternatives, the immune cell is a myeloid cell. In
some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid cell is
a microglial cell. In some alternatives, the tumor is a glioma. In some alternatives, the tumor
is a glioblastoma. In some alternatives, the method further comprises delivering to the
immune cell, a second vector, wherein the second vector comprises a nucleic acid encoding a
Cas9 endonuclease and delivering to the immune cell a nucleic acid encoding a CRISPR
guide RNA, wherein the CRISPR guide RNA is complimentary to at least one target gene in
in the cell, and wherein said nucleic acid can be present on the second vector or a third
vector. In some alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is
codon optimized for expression in a eukaryotic cell, such as a human cell. In some
alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE,
CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the
primers for small guide RNAs for PDL1 CRISPR deletion comprise a forward primer
comprising a sequence set forth in SEQ ID NO: 20
(CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence set
form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some alternatives,
the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small

guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
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NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the method further comprises
delivering to the immune cell, a fourth vector, wherein the fourth vector encodes a Cas9
VP64 fusion protein to activate transcription and translation of a second protein and
delivering to the immune cell a fifth vector, wherein the fifth vector comprises a CRISPR
guide RNA complimentary to at least one target gene in the cell. In some alternatives, the
second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-
12, IL-18, IL.-23 or GM-CSF. In some alternatives, the fourth vector is an mRNA. In some
alternatives, the mRNA 1is codon optimized for expression in a eukaryotic cell, such as a
human cell. In some alternatives, the at least one target gene is an endogenous pro-
inflammatory gene. In some alternatives, the pro-inflammatory gene encodes IL-12p40, IL-
15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In
some alternatives, the first vector further comprises a nucleic acid encoding a suicide gene
system. In some alternatives, the suicide gene system is a Herpes Simplex Virus Thymidine
Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system or an inducible Caspase suicide
gene system. In some alternatives, the nucleic acid encoding said protein is under the control
of a regulatory element. In some alternatives, the regulatory element is a promoter that is
inducible by a drug. In some alternatives, the regulatory element is a promoter that is
inducible by a steroid, such as a ligand for the estrogen receptor. In some alternatives, the
regulatory element is a promoter inducible by tamoxifen and/or its metabolites. In some
alternatives, the method further comprises differentiating the immune cells. In some
alternatives, the immune cells are differentiated to a pro-inflammatory phenotype by
culturing the cells with granulocyte macrophage colony stimulating factor. In some
alternatives, the cells are differentiated to an anti-inflammatory phenotype by culturing the
cells with a macrophage colony stimulating factor. In some alternatives, the composition
comprises any one or more of the genetically modified immune cells of any one or more of
the alternative genetically modified immune cells described herein and a carrier, anti-cancer
therapeutic, anti-infection therapeutic, antibacterial therapeutic, anti-viral therapeutic, or anti-

tumoral therapeutic.
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[0257] In some alternatives, a genetically modified immune cell is provided for
use as a medicament. The genetically modified immune cell can comprise a first vector
wherein the first vector comprises a nucleic acid encoding a protein that promotes persistence
and activation of endogenous or adoptively transferred NK or T cells, induces T-cell
proliferation and/or induces production of an interleukin, an interferon, a PD-1 checkpoint
binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some alternatives, the
protein is a fusion of PD-1 checkpoint binding protein and interferon alpha, interferon beta,
or interferon gamma. In some alternatives, the immune cell is a T-cell. In some alternatives,
the immune cell is a modified T-cell. In some alternatives, the immune cell is genetically
modified to express a chimeric antigen receptor (CAR) or T-cell receptor (Tcr). In some
alternatives, the immune cell is an NK cell. In some alternatives, the immune cell is a
genetically modified NK cell. In some alternatives, the immune cell is a myeloid cell. In
some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid cell is
a microglial cell. In some alternatives, the immune cell is selected from a group consisting of
a macrophage, allogeneic cell, myeloid cell, a monocyte and a human monocyte. In some
alternatives, the first vector is a viral vector. In some alternatives, the viral vector is a
lentiviral vector. In some alternatives, the lentiviral vector is packaged with a Vpx protein. In
some alternatives, the protein supports or promotes T-cell and/or NK-cell anti-tumor activity.
In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or
IL21. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ ID NO: 35. In
some alternatives, the protein comprises interferon alpha, interferon beta, or interferon
gamma. In some alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In
some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein or active
fragment thereof, and wherein binding of the PD-L1 protein or active fragment thereof does
not cause an agonist signal upon binding PD-1. In some alternatives, the protein comprises a
PD-1 protein fragment, wherein the PD-1 protein binds PD-L1 or PD-L2 expressed by tumor
cells and/or associated macrophages, and wherein binding of the PD-1 protein fragment to
PD-L1 or PD-L2 does not cause an agonist signal upon binding. In some alternatives, the
PD-L1 protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,

interferon beta, or interferon gamma. In some alternatives, the protein is a T-cell or NK-cell
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chemokine. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4,
CCLs, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17,
CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1),
Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10,
ITAC/CXCL11, CXCL12, CXCL13 or CXCLI15. In some alternatives, the genetically
modified immune cell further comprises a second vector, wherein the second vector
comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in the immune cell, and wherein said nucleic acid can be present on the second
vector or a third vector. In some alternatives, the second vector i1s an mRNA. In some
alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human
cell. In some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha,
RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some
alternatives, the primers for small guide RNAs for PDL1 CRISPR deletion comprise a
forward primer comprising a sequence set forth in SEQ ID NO: 20
(CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence set
form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some alternatives,
the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives, the
fourth vector is an mRNA. In some alternatives, IL-15 is encoded by a sequence set forth in

SEQ ID NO: 35. In some alternatives, the mRNA 1s codon optimized for expression in a
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eukaryotic cell, such as a human cell. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the at least one target gene encodes
for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF,
EGF, WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic
acid encoding a suicide gene system. In some alternatives, the suicide gene system is a
Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system
or an inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding
said protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the cell is selected from a group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
[0258] In some alternatives, a composition is provided. The composition can
comprise any one or more of the genetically modified immune cells of any of the alternatives
described herein and a carrier, anti-cancer therapeutic, anti-infection therapeutic, antibacterial
therapeutic, anti-viral therapeutic, or anti-tumoral therapeutic. The genetically modified
immune cell can comprise a first vector that comprises a nucleic acid encoding a protein that
induces T-cell proliferation, promotes persistence and activation of endogenous or adoptively
transferred NK or T cells and/or induces production of an interleukin, an interferon, a PD-1
checkpoint binding protein, HMGBI1, MyD88, a cytokine or a chemokine. In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the immune cell is a T-cell. In
some alternatives, the immune cell is a modified T-cell. In some alternatives, the immune
cell is genetically modified to express a chimeric antigen receptor (CAR) or T-cell receptor

(Tcr). In some alternatives, the immune cell 1s an NK cell. In some alternatives, the immune
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cell 1s a genetically modified NK cell. In some alternatives, the immune cell is a myeloid
cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid
cell 1s a microglial cell. In some alternatives, the immune cell is selected from the group
consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte and a human
monocyte. In some alternatives, the first vector is a viral vector. In some alternatives, the
viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2,IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ
ID NO: 35. In some alternatives, the protein comprises interferon alpha, interferon beta, or
interferon gamma. In some alternatives, the protein comprises a PD-1 checkpoint binding
inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein or
active fragment thereof, and wherein binding of the PD-L1 protein or active fragment thereof
does not cause an agonist signal upon binding PD-1. In some alternatives, the protein
comprises a PD-1 protein fragment, wherein the PD-1 protein binds PD-L1 or PD-L2
expressed by tumor cells and/or associated macrophages, and wherein binding of the PD-1
protein fragment to PD-L1 or PD-L2 does not cause an agonist signal upon binding. In some
alternatives, the PD-L1 protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID
NO: 7). In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein and
interferon alpha, interferon beta, or interferon gamma. In some alternatives, the protein is a
T-cell or NK-cell chemokine. In some alternatives, the chemokine comprises CCL1, CCL2,
CCL3, CCR4, CCLS5, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14,
CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGTF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL38, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the genetically modified immune cell further comprises a second vector, wherein the second
vector comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in the immune cell, and wherein said nucleic acid is present on the second vector
or a third vector. In some alternatives, the second vector is an mRNA. In some alternatives,

the Cas9 1s codon optimized for expression in a eukaryotic cell, such as a human cell. In
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some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE,
CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the
primers for small guide RNAs for PDL1 CRISPR deletion comprise a forward primer
comprising a sequence set forth in SEQ ID NO: 20
(CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence set
form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some alternatives,
the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives, the
fourth vector is an mRNA. In some alternatives, the mRNA is codon optimized for
expression in a eukaryotic cell, such as a human cell. In some alternatives, the at least one
target gene 1s an endogenous pro-inflammatory gene. In some alternatives, the at least one
target gene encodes for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4,
CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the first vector
further comprises a nucleic acid encoding a suicide gene system. In some alternatives, the
suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a

promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the cell is
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selected from the group consisting of a macrophage, allogeneic cell, myeloid cell, a
monocyte and a primary human monocyte. In some alternatives, the cell is a primary human
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.

[0259] In some alternatives, a method of modulating the suppression of the
immune response in a tumor microenvironment of a subject in need thereof e.g., a human is
provided the method can comprise administering any one or more of the genetically modified
immune cells of any one or more of the alternatives described herein or any of the
compositions of any one or more of the alternatives described herein and a carrier, anti-
cancer therapeutic, anti-infection therapeutic, antibacterial therapeutic, anti-viral therapeutic,
or anti-tumoral therapeutic. The genetically modified immune cell can comprise a first vector
that comprises a nucleic acid encoding a protein that promotes persistence and activation of
endogenous or adoptively transferred NK or T cells, induces T-cell proliferation and/or
induces production of an interleukin, an interferon, a PD-1checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, the immune cell is a T-cell. In some alternatives, the immune cell is a
modified T-cell. In some alternatives, the immune cell is genetically modified to express a
chimeric antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune
cell 1s an NK cell. In some alternatives, the immune cell is a genetically modified NK cell. In
some alternatives, the immune cell is a myeloid cell. In some alternatives, the myeloid cell is
a macrophage. In some alternatives, the myeloid cell is a microglial cell. In some
alternatives, the immune cell is selected from the group consisting of a macrophage,
allogeneic cell, myeloid cell, a monocyte and a human monocyte. In some alternatives, the
first vector 1s a viral vector. In some alternatives, the viral vector is a lentiviral vector. In
some alternatives, the lentiviral vector is packaged with a Vpx protein. In some alternatives,
the protein supports or promotes T-cell and/or NK-cell anti-tumor activity. In some

alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In
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some alternatives, the protein comprises interferon alpha, interferon beta, or interferon
gamma. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ ID NO: 35. In
some alternatives, the protein comprises a PD-1 checkpoint binding inhibitor. In some
alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein or active fragment
thereof, and wherein binding of the PD-L1 protein or active fragment thereof does not cause
an agonist signal upon binding PD-1. In some alternatives, the protein comprises a PD-1
protein fragment, wherein the PD-1 protein binds PD-L1 or PD-L2 expressed by tumor cells
and/or associated macrophages, and wherein binding of the PD-1 protein fragment to PD-L1
or PD-L2 does not cause an agonist signal upon binding. In some alternatives, the PD-L1
protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID NO: 7). In some
alternatives, the protein is a fusion of PD-1 binding and interferon alpha, interferon beta, or
interferon gamma. In some alternatives, the protein is a T-cell or NK-cell chemokine. In
some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4, CCLS, CCL7,
CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22,
CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF,
IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCLI11,
CXCL12, CXCL13 or CXCL15. In some alternatives, the genetically modified immune cell
further comprises a second vector, wherein the second vector comprises a nucleic acid
encoding a Cas9 endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein
the CRISPR guide RNA is complimentary to at least one target gene in the immune cell, and
wherein said nucleic acid can be present on the second vector or a third vector. In some
alternatives, the second vector is an mRNA. In some alternatives, the Cas9 is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the
target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206, IL-4, CCL22,
CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the primers for small guide
RNAs for PDL1 CRISPR deletion comprise a forward primer comprising a sequence set
forth in SEQ ID NO: 20 (CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer
comprising a sequence set form in SEQ ID NO: 21
(AAACAAGGCCGAAGTCATCTGGACC). In some alternatives, the PD-L1 small guide
RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
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guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives, the
fourth vector is an mRNA. In some alternatives, the mRNA is codon optimized for
expression in a eukaryotic cell, such as a human cell. In some alternatives, the at least one
target gene i1s an endogenous pro-inflammatory gene. In some alternatives, the at least one
target gene encodes for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4,
CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the first vector
further comprises a nucleic acid encoding a suicide gene system. In some alternatives, the
suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the cell is
selected from a group consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte
and a primary human monocyte. In some alternatives, the cell is a primary human monocyte.
In some alternatives, the immune cells are differentiated. In some alternatives, the immune
cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor. In some alternatives, the composition comprises any

one or more of the genetically modified immune cells of any one or more of the alternative
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genetically modified immune cells described herein and a carrier, anti-cancer therapeutic,
anti-infection therapeutic, antibacterial therapeutic, anti-viral therapeutic, or anti-tumoral
therapeutic. In some alternatives, the administering is performed by adoptive cell transfer. In
some alternatives, the genetically modified immune cells are administered by direct delivery
to a tumor bed by injection. In some alternatives, the subject in need suffers from cancer or a
subject having cancer is selected to receive an anti-cancer therapy. In some alternatives, the
cancer is a solid tumor. In some alternatives, the solid tumor is selected from the group
consisting of a breast cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen
cancer, colon cancer, renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin
cancer, head cancer, neck cancer, sarcomas, neuroblastomas and ovarian cancer. In some
alternatives, the genetically modified immune cell expresses EGFRvVIII 806 CAR and a
chimeric IL7 receptor fused to CD122. In some alternatives, the method further comprises
administering a cellular therapy to the subject in need thereof before, after or simultaneous to
introducing, providing, or administering any one or more of the cells of any of the
alternatives described herein or the composition of any of the alternatives described herein.
In some alternatives, the cellular therapy is CAR T-cell therapy. In some alternatives, the
method further comprises delivering antibodies or binding fragments thereof, small
molecules, heat shock protein-peptide complexes or oncolytic polio virus to the subject in
need thereof before, after, or simultaneous to introducing, providing, or administering any
one or more of the cells of any of the alternatives described herein or the composition of any
of the alternatives described herein into the subject for therapy. In some alternatives, the
antibodies or binding fragments thereof are specific for alphafetoprotein, carcinoembryonic
antigen, CA-125, MUC-1, Epithelial tumor antigen, Tyrosinase, Melanoma associated
antigen (MAGE), HER2, and/or abnormal products of ras or p53. In some alternatives, the
method further comprises administering to the subject in need a prodrug. In some
alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506 or a chemical inducer of
dimerization. In some alternatives, the method further comprises administering to the subject
a drug before, after or simultaneous to introducing, providing, or administering any one or
more of the cells of anyone of the alternatives described herein or the composition of anyone
of the alternatives described herein. In some alternatives, the subject is identified or selected

to receive anti-cancer therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy,
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or anti-tumoral therapy. In some alternatives, the method further comprises introducing,
providing, or administering to said subject an additional therapeutic agent, such as a
chemotherapeutic agent, an antiviral agent, or an antibacterial agent or an adjunct therapy
such as radiation therapy and/or surgery before, after or simultaneous to introducing,
providing, or administering any one or more of the cells of anyone of the alternatives
described herein or the composition of anyone of the alternatives described herein. In some
alternatives, the additional therapeutic agent is an anti-cancer therapy comprising a hormone
blocking therapy, chemotherapy, a small molecule, monoclonal antibodies or binding
fragments thereof, and/or radiation. In some alternatives, the monoclonal antibody or binding
fragments thereof is specific for Her2, CD52, CD20, CD25, VEGF or EGRF. In some
alternatives, the hormone blocking therapy comprises delivery of tamoxifen, anastrozole,
and/or letrozole. In some alternatives, the small molecule comprises a tyrosine kinase
inhibitor, a small molecule drug conjugates, a serine kinase inhibitor and/or a threonine
kinase inhibitor.

[0260] In some alternatives, a method of minimizing the proliferation of tumor
and suppressive cells in a subject in need thereof is provided. The method can comprise
administering any one or more of the genetically modified immune cells or any of the
compositions of any one or more of the alternatives described herein to a subject in need
thereof and, optionally, selecting or identifying said subject to receive said genetically
modified immune cells and/or measuring the proliferation of tumor and suppressive cells in
said subject after administration of said genetically modified immune cells. The genetically
modified immune cell can comprise a first vector that comprises a nucleic acid encoding a
protein that promotes persistence and activation of endogenous or adoptively transferred NK
or T cells, induces T-cell proliferation and/or induces production of an interleukin, an
interferon, a PD-1checkpoint binding protein, HMGB1, MyD88, a cytokine or a chemokine.
In some alternatives, the protein is a fusion of PD-1 checkpoint binding protein and
interferon alpha, interferon beta, or interferon gamma. In some alternatives, the immune cell
1s a T-cell. In some alternatives, the immune cell is a modified T-cell. In some alternatives,
the immune cell is genetically modified to express a chimeric antigen receptor (CAR) or T-
cell receptor (Tcr). In some alternatives, the immune cell i1s an NK cell. In some alternatives,

the immune cell is a genetically modified NK cell. In some alternatives, the immune cell is a

-201-



WO 2017/044487 PCT/US2016/050552

myeloid cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the
myeloid cell is a microglial cell. In some alternatives, the immune cell is selected from a
group consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte and a human
monocyte. In some alternatives, the first vector is a viral vector. In some alternatives, the
viral vector is a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2,IL12, IL-18 or IL21. In some alternatives, IL-15 is encoded by a sequence set forth in SEQ
ID NO: 35. In some alternatives, the protein comprises interferon alpha, interferon beta, or
interferon gamma. In some alternatives, the protein comprises a PD-1 checkpoint binding
inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1 protein or
active fragment thereof, and wherein binding of the PD-L1 protein or active fragment thereof
does not cause an agonist signal upon binding PD-1. In some alternatives, the protein
comprises a PD-1 protein fragment, wherein the PD-1 protein binds PD-L1 or PD-L2
expressed by tumor cells and/or associated macrophages, and wherein binding of the PD-1
protein fragment to PD-L1 or PD-L2 does not cause an agonist signal upon binding. In some
alternatives, the PD-L1 protein fragment comprises amino acids 62-136 of PD-L1 (SEQ ID
NO: 7). In some alternatives, the protein is a fusion of PD-1 binding and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the protein is a T-cell or NK-cell
chemokine. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3, CCR4,
CCLs, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17,
CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF, lymphotactin (XCL1),
Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7, CXCL8, CXCLI10,
ITAC/CXCL11, CXCL12, CXCL13 or CXCLI15. In some alternatives, the genetically
modified immune cell further comprises a second vector, wherein the second vector
comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in the immune cell, and wherein said nucleic acid can be present on the second
vector or a third vector. In some alternatives, the second vector i1s an mRNA. In some
alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human

cell. In some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha,

-202-



WO 2017/044487 PCT/US2016/050552

RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some
alternatives, the primers for small guide RNAs for PDL1 CRISPR deletion comprise a
forward primer comprising a sequence set forth in SEQ ID NO: 20
(CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence set
form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some alternatives,
the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives, the
fourth vector is an mRNA. In some alternatives, IL-15 is encoded by a sequence set forth in
SEQ ID NO: 35. In some alternatives, the mRNA 1is codon optimized for expression in a
eukaryotic cell, such as a human cell. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the at least one target gene encodes
for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF,
EGF, WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic
acid encoding a suicide gene system. In some alternatives, the suicide gene system is a
Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system
or an inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding
said protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its

metabolites. In some alternatives, the cell i1s selected from a group consisting of a
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macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
In some alternatives, the composition comprises any one or more of the genetically modified
immune cells of any one or more of the alternative genetically modified immune cells
described herein and a carrier, anti-cancer therapeutic, anti-infection therapeutic, antibacterial
therapeutic, anti-viral therapeutic, or anti-tumoral therapeutic. In some alternatives, the
administering 1s performed by adoptive cell transfer. In some alternatives, the genetically
modified immune cells are administered by direct delivery to a tumor bed by injection. In
some alternatives, the subject in need suffers from cancer or a subject having cancer is
selected to receive an anti-cancer therapy. In some alternatives, the cancer is a solid tumor. In
some alternatives, the solid tumor is selected from the group consisting of a breast cancer,
brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal
cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck
cancer, sarcomas, neuroblastomas and ovarian cancer. In some alternatives, the genetically
modified immune cell expresses EGFRVIII 806 CAR and a chimeric IL7 receptor fused to
CD122. In some alternatives, the method further comprises administering a cellular therapy
to the subject in need thereof before, after or simultaneous to introducing, providing, or
administering any one or more of the cells of any of the alternatives described herein or the
composition of any of the alternatives described herein. In some alternatives, the cellular
therapy is CAR T-cell therapy. In some alternatives, the method further comprises delivering
antibodies or binding fragments thereof, small molecules, heat shock protein-peptide
complexes or oncolytic polio virus to the subject in need thereof before, after, or
simultaneous to introducing, providing, or administering any one or more of the cells of any
of the alternatives described herein or the composition of any of the alternatives described
herein into the subject for therapy. In some alternatives, the antibodies or binding fragments
thereof are specific for alphafetoprotein, carcinoembryonic antigen, CA-125, MUC-1,
Epithelial tumor antigen, Tyrosinase, Melanoma associated antigen (MAGE), HER2, and/or
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abnormal products of ras or p53. In some alternatives, the method further comprises
administering to the subject in need a prodrug. In some alternatives, the prodrug is Erbitux,
Herceptin, Ganciclovir, FK506 or a chemical inducer of dimerization. In some alternatives,
the method further comprises administering to the subject a drug before, after or
simultaneous to introducing, providing, or administering any one or more of the cells of
anyone of the alternatives described herein or the composition of anyone of the alternatives
described herein. In some alternatives, the subject is identified or selected to receive anti-
cancer therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy, or anti-
tumoral therapy. In some alternatives, the method further comprises introducing, providing,
or administering to said subject an additional therapeutic agent, such as a chemotherapeutic
agent, an antiviral agent, or an antibacterial agent or an adjunct therapy such as radiation
therapy and/or surgery before, after or simultaneous to introducing, providing, or
administering any one or more of the cells of anyone of the alternatives described herein or
the composition of anyone of the alternatives described herein. In some alternatives, the
additional therapeutic agent is an anti-cancer therapy comprising a hormone blocking
therapy, chemotherapy, a small molecule, monoclonal antibodies or binding fragments
thereof, and/or radiation. In some alternatives, the monoclonal antibody or binding fragments
thereof is specific for Her2, CD52, CD20, CD25, VEGF or EGRF. In some alternatives, the
hormone blocking therapy comprises delivery of tamoxifen, anastrozole, and/or letrozole. In
some alternatives, the small molecule comprises a tyrosine kinase inhibitor, a small molecule
drug conjugates, a serine kinase inhibitor and/or a threonine kinase inhibitor.

[0261] In some alternatives, a method of increasing the efficiency of an anti-
cancer therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy, or anti-
tumoral therapy in a subject in need thereof is provided. The method can comprise
administering any one or more of the genetically modified immune cells or any of the
compositions of any one or more of the alternatives described herein to a subject in need
thereof and, optionally, selecting or identifying said subject to receive said genetically
modified immune cells and/or measuring the proliferation of the cancer, infection, bacteria,
virus, or tumor in said subject after administration of said genetically modified immune cells.
In some alternatives, the composition comprises any one or more of the genetically modified

immune cells of any one or more of the alternative genetically modified immune cells
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described herein and a carrier, anti-cancer therapeutic, anti-infection therapeutic, antibacterial
therapeutic, anti-viral therapeutic, or anti-tumoral therapeutic. The genetically modified
immune cell can comprise a first vector that comprises a nucleic acid encoding a protein that
promotes persistence and activation of endogenous or adoptively transferred NK or T cells,
induces T-cell proliferation and/or induces production of an interleukin, an interferon, a PD-
Icheckpoint binding protein, HMGB1, MyD88, a cytokine or a chemokine. In some
alternatives, the protein is a fusion of PD-1 checkpoint binding protein and interferon alpha,
interferon beta, or interferon gamma. In some alternatives, the immune cell is a T-cell. In
some alternatives, the immune cell is a modified T-cell. In some alternatives, the immune
cell is genetically modified to express a chimeric antigen receptor (CAR) or T-cell receptor
(Tcr). In some alternatives, the immune cell 1s an NK cell. In some alternatives, the immune
cell 1s a genetically modified NK cell. In some alternatives, the immune cell is a myeloid
cell. In some alternatives, the myeloid cell is a macrophage. In some alternatives, the myeloid
cell 1s a microglial cell. In some alternatives, the immune cell is selected from the group
consisting of a macrophage, allogeneic cell, myeloid cell, a monocyte and a human
monocyte. In some alternatives, the first vector is a viral vector. In some alternatives, the
viral vector 1s a lentiviral vector. In some alternatives, the lentiviral vector is packaged with a
Vpx protein. In some alternatives, the protein supports or promotes T-cell and/or NK-cell
anti-tumor activity. In some alternatives, the protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-
2, IL12, IL-18 or IL21. In some alternatives, the protein comprises interferon alpha,
interferon beta, or interferon gamma. In some alternatives, IL-15 is encoded by a sequence
set forth in SEQ ID NO: 35. In some alternatives, the protein comprises a PD-1 checkpoint
binding inhibitor. In some alternatives, the PD-1 checkpoint binding inhibitor is a PD-L1
protein or active fragment thereof, and wherein binding of the PD-L1 protein or active
fragment thereof does not cause an agonist signal upon binding PD-1. In some alternatives,
the protein comprises a PD-1 protein fragment, wherein the PD-1 protein binds PD-L1 or
PD-L2 expressed by tumor cells and/or associated macrophages, and wherein binding of the
PD-1 protein fragment to PD-L1 or PD-L2 does not cause an agonist signal upon binding. In
some alternatives, the PD-L1 protein fragment comprises amino acids 62-136 of PD-LI
(SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1 binding and interferon

alpha, interferon beta, or interferon gamma. In some alternatives, the protein is a T-cell or
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NK-cell chemokine. In some alternatives, the chemokine comprises CCL1, CCL2, CCL3,
CCR4, CCLs, CCL7, CCL8/MCP-2, CCL11, CCL13/MCP-4, HCC-1/CCL14,
CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26, CCL27, VEGF, PDGF,
lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-2/CXCL6, NAP-2/CXCL7,
CXCL38, CXCL10, ITAC/CXCL11, CXCL12, CXCL13 or CXCL15. In some alternatives,
the genetically modified immune cell further comprises a second vector, wherein the second
vector comprises a nucleic acid encoding a Cas9 endonuclease and a nucleic acid encoding a
CRISPR guide RNA, wherein the CRISPR guide RNA is complimentary to at least one
target gene in the immune cell, and wherein said nucleic acid can be present on the second
vector or a third vector. In some alternatives, the second vector i1s an mRNA. In some
alternatives, the Cas9 is codon optimized for expression in a eukaryotic cell, such as a human
cell. In some alternatives, the target gene is PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha,
RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some
alternatives, the primers for small guide RNAs for PDL1 CRISPR deletion comprise a
forward primer comprising a sequence set forth in SEQ ID NO: 20
(CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence set
form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some alternatives,
the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 22
(TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10 small
guide RNA sequence comprises a forward primer comprising a sequence set forth in SEQ ID
NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a sequence
set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some alternatives, the
IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID NO: 25
(GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified immune cell
further comprises a fourth vector, wherein the fourth vector encodes a Cas9 VP64 fusion
protein to activate transcription and translation of a second protein and a fifth vector, wherein
the fifth vector comprises a CRISPR guide RNA complimentary to at least one target gene in
the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6, IL-1 beta, TNF-
alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some alternatives, the
fourth vector is an mRNA. In some alternatives, IL-15 is encoded by a sequence set forth in

SEQ ID NO: 35. In some alternatives, the mRNA is codon optimized for expression in a
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eukaryotic cell, such as a human cell. In some alternatives, the at least one target gene is an
endogenous pro-inflammatory gene. In some alternatives, the at least one target gene encodes
for TGF-beta, IL-10, Arginase, HIF-lalpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF,
EGF, WNT7beta, or PGE. In some alternatives, the first vector further comprises a nucleic
acid encoding a suicide gene system. In some alternatives, the suicide gene system is a
Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir (GCV) suicide gene system
or an inducible Caspase suicide gene system. In some alternatives, the nucleic acid encoding
said protein is under the control of a regulatory element. In some alternatives, the regulatory
element is a promoter that is inducible by a drug. In some alternatives, the regulatory element
1s a promoter that is inducible by a steroid, such as a ligand for the estrogen receptor. In some
alternatives, the regulatory element is a promoter inducible by tamoxifen and/or its
metabolites. In some alternatives, the cell is selected from a group consisting of a
macrophage, allogeneic cell, myeloid cell, a monocyte and a primary human monocyte. In
some alternatives, the cell is a primary human monocyte. In some alternatives, the immune
cells are differentiated. In some alternatives, the immune cells are differentiated to a pro-
inflammatory phenotype by culturing the cells with granulocyte macrophage colony
stimulating factor. In some alternatives, the immune cells are differentiated to an anti-
inflammatory phenotype by culturing the cells with a macrophage colony stimulating factor.
In some alternatives, the administering is performed by adoptive cell transfer. In some
alternatives, the genetically modified immune cells are administered by direct delivery to a
tumor bed by injection. In some alternatives, the subject in need suffers from cancer or a
subject having cancer is selected to receive an anti-cancer therapy. In some alternatives, the
cancer is a solid tumor. In some alternatives, the solid tumor is selected from the group
consisting of a breast cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen
cancer, colon cancer, renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin
cancer, head cancer, neck cancer, sarcomas, neuroblastomas and ovarian cancer. In some
alternatives, the genetically modified immune cell expresses EGFRvVIII 806 CAR and a
chimeric IL7 receptor fused to CD122. In some alternatives, the method further comprises
administering a cellular therapy to the subject in need thereof before, after or simultaneous to
introducing, providing, or administering any one or more of the cells of any of the

alternatives described herein or the composition of any of the alternatives described herein.
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In some alternatives, the cellular therapy is CAR T-cell therapy. In some alternatives, the
method further comprises delivering antibodies or binding fragments thereof, small
molecules, heat shock protein-peptide complexes or oncolytic polio virus to the subject in
need thereof before, after, or simultaneous to introducing, providing, or administering any
one or more of the cells of any of the alternatives described herein or the composition of any
of the alternatives described herein into the subject for therapy. In some alternatives, the
antibodies or binding fragments thereof are specific for alphafetoprotein, carcinoembryonic
antigen, CA-125, MUC-1, Epithelial tumor antigen, Tyrosinase, Melanoma associated
antigen (MAGE), HER2, and/or abnormal products of ras or p53. In some alternatives, the
method further comprises administering to the subject in need a prodrug. In some
alternatives, the prodrug is Erbitux, Herceptin, Ganciclovir, FK506 or a chemical inducer of
dimerization. In some alternatives, the subject is identified or selected to receive anti-cancer
therapy, anti-infection therapy, antibacterial therapy, anti-viral therapy, or anti-tumoral
therapy. In some alternatives, the method further comprises introducing, providing, or
administering to said subject an additional therapeutic agent, such as a chemotherapeutic
agent, an antiviral agent, or an antibacterial agent or an adjunct therapy such as radiation
therapy and/or surgery before, after or simultaneous to introducing, providing, or
administering any one or more of the cells of anyone of the alternatives described herein or
the composition of anyone of the alternatives described herein. In some alternatives, the
additional therapeutic agent is an anti-cancer therapy comprising a hormone blocking
therapy, chemotherapy, a small molecule, monoclonal antibodies or binding fragments
thereof, and/or radiation. In some alternatives, the monoclonal antibody or binding fragments
thereof is specific for Her2, CD52, CD20, CD25, VEGF or EGRF. In some alternatives, the
hormone blocking therapy comprises delivery of tamoxifen, anastrozole, and/or letrozole. In
some alternatives, the small molecule comprises a tyrosine kinase inhibitor, a small molecule
drug conjugates, a serine kinase inhibitor and/or a threonine kinase inhibitor. More
alternatives concern any one or more of the aforementioned genetically modified immune
cells, alone or in combination, for use as a medicament.

[0262] In some alternatives, the genetically modified immune cell of any one of
the alternatives described herein is for use as a medicament e.g., to treat or inhibit a cancer.

The genetically modified immune cell can comprise a first vector wherein the first vector
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comprises a nucleic acid encoding a protein that promotes persistence and activation of
endogenous or adoptively transferred NK or T cells, induces T-cell proliferation and/or
induces production of an interleukin, an interferon, a PD-1 checkpoint binding protein,
HMGBI, MyD88, a cytokine or a chemokine. In some alternatives, the protein is a fusion of
PD-1 checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma.
In some alternatives, the immune cell is a T-cell. In some alternatives, the immune cell is a
modified T-cell. In some alternatives, the immune cell is genetically modified to express a
chimeric antigen receptor (CAR) or T-cell receptor (Tcr). In some alternatives, the immune
cell 1s an NK cell. In some alternatives, the immune cell is a genetically modified NK cell. In
some alternatives, the immune cell is a myeloid cell. In some alternatives, the myeloid cell is
a macrophage. In some alternatives, the myeloid cell is a microglial cell. In some
alternatives, the immune cell is selected from a group consisting of a macrophage, allogeneic
cell, myeloid cell, a monocyte and a human monocyte. In some alternatives, the first vector is
a viral vector. In some alternatives, the viral vector 1s a lentiviral vector. In some alternatives,
the lentiviral vector is packaged with a Vpx protein. In some alternatives, the protein
supports or promotes T-cell and/or NK-cell anti-tumor activity. In some alternatives, the
protein is TGFBRII, IL-1, IL-6, IL-7, IL-15, IL-2, IL12, IL-18 or IL21. In some alternatives,
IL-15 1s encoded by a sequence set forth in SEQ ID NO: 35. IL-15 can be amplified with a
forward cloning primer comprising the sequence set forth in SEQ ID NO: 36 and a reverse
cloning primer comprising a sequence set forth in SEQ ID NO: 37. In some alternatives, the
protein comprises interferon alpha, beta, or gamma. In some alternatives, the protein
comprises a PD-1 checkpoint binding inhibitor. In some alternatives, the PD-1 checkpoint
binding inhibitor is a PD-L1 protein or active fragment thereof, and wherein binding of the
PD-L1 protein or active fragment thereof does not cause an agonist signal upon binding PD-
1. In some alternatives, the protein comprises a PD-1 protein fragment, wherein the PD-1
protein binds PD-L1 or PD-L2 expressed by tumor cells and/or associated macrophages, and
wherein binding of the PD-1 protein fragment to PD-L1 or PD-L2 does not cause an agonist
signal upon binding. In some alternatives, the PD-L1 protein fragment comprises amino acids
62-136 of PD-L1 (SEQ ID NO: 7). In some alternatives, the protein is a fusion of PD-1
checkpoint binding protein and interferon alpha, interferon beta, or interferon gamma. In

some alternatives, the protein is a T-cell or NK-cell chemokine. In some alternatives, the
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chemokine comprises CCL1, CCL2, CCL3, CCR4, CCL5, CCL7, CCL8/MCP-2, CCL11,
CCL13/MCP-4, HCC-1/CCL14, CTAC/CCL17, CCL19, CCL22, CCL23, CCL24, CCL26,
CCL27, VEGF, PDGF, lymphotactin (XCL1), Eotaxin, FGF, EGF, IP-10, TRAIL, GCP-
2/CXCL6, NAP-2/CXCL7, CXCL8, CXCL10, ITAC/CXCL11, CXCL12, CXCLI13 or
CXCL15. In some alternatives, the genetically modified immune cell further comprises a
second vector, wherein the second vector comprises a nucleic acid encoding a Cas9
endonuclease and a nucleic acid encoding a CRISPR guide RNA, wherein the CRISPR guide
RNA is complimentary to at least one target gene in the immune cell, and wherein said
nucleic acid can be present on the second vector or a third vector. In some alternatives, the
second vector is an mRNA. In some alternatives, the Cas9 is codon optimized for expression
in a eukaryotic cell, such as a human cell. In some alternatives, the target gene is PD-L1,
TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF,
WNT7beta, or PGE. In some alternatives, the primers for small guide RNAs for PDL1
CRISPR deletion comprise a forward primer comprising a sequence set forth in SEQ ID NO:
20 (CACCGGTCCAGATGACTTCGGCCTT) and a reverse primer comprising a sequence
set form in SEQ ID NO: 21 (AAACAAGGCCGAAGTCATCTGGACC). In some
alternatives, the PD-L1 small guide RNA sequence comprises a sequence set forth in SEQ ID
NO: 22 (TCCAGATGACTTCGGCCTTG). In some alternatives, the primers for the IL-10
small guide RNA sequence comprises a forward primer comprising a sequence set forth in
SEQ ID NO: 23 (AGGAACACGCGAATGAGAACCC ) and a reverse primer comprising a
sequence set forth in SEQ ID NO: 24 (TGCAAGGCATGGGGAGCATCTT). In some
alternatives, the IL-10 small guide RNA sequence comprises a sequence set forth in SEQ ID
NO: 25 (GGCTGGCCCTCACCCCAGT).In some alternatives, the genetically modified
immune cell further comprises a fourth vector, wherein the fourth vector encodes a Cas9
VP64 fusion protein to activate transcription and translation of a second protein and a fifth
vector, wherein the fifth vector comprises a CRISPR guide RNA complimentary to at least
one target gene in the cell. In some alternatives, the second protein is IL-12p40, IL-15, IL-6,
IL-1 beta, TNF-alpha, IFN-alpha/beta/gamma, IL-12, IL-18, IL-23 or GM-CSF. In some
alternatives, the fourth vector is an mRNA. In some alternatives, the mRNA is codon
optimized for expression in a eukaryotic cell, such as a human cell. In some alternatives, the

at least one target gene is an endogenous pro-inflammatory gene. In some alternatives, the at
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least one target gene encodes for TGF-beta, IL-10, Arginase, HIF-1alpha, RAGE, CD206,
IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, or PGE. In some alternatives, the first vector
further comprises a nucleic acid encoding a suicide gene system. In some alternatives, the
suicide gene system is a Herpes Simplex Virus Thymidine Kinase (HSVTK)/Ganciclovir
(GCV) suicide gene system or an inducible Caspase suicide gene system. In some
alternatives, the nucleic acid encoding said protein is under the control of a regulatory
element. In some alternatives, the regulatory element is a promoter that is inducible by a
drug. In some alternatives, the regulatory element is a promoter that is inducible by a steroid,
such as a ligand for the estrogen receptor. In some alternatives, the regulatory element is a
promoter inducible by tamoxifen and/or its metabolites. In some alternatives, the cell is
selected from the group consisting of a macrophage, allogeneic cell, myeloid cell, a
monocyte and a primary human monocyte. In some alternatives, the cell is a primary human
monocyte. In some alternatives, the immune cells are differentiated. In some alternatives, the
immune cells are differentiated to a pro-inflammatory phenotype by culturing the cells with
granulocyte macrophage colony stimulating factor. In some alternatives, the immune cells
are differentiated to an anti-inflammatory phenotype by culturing the cells with a
macrophage colony stimulating factor.

[0263] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at least,”
the term “includes” should be interpreted as “includes but s not limited to,” etc.). It will be
further understood by those within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited in the claim, and in the absence
of such recitation no such intent is present. For example, as an aid to understanding, the
following appended claims may contain usage of the introductory phrases "at least one" and
"one or more" to introduce claim recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation by the indefinite articles "a" or
"an" limits any particular claim containing such introduced claim recitation to embodiments
containing only one such recitation, even when the same claim includes the introductory

" n [AP 2]

phrases "one or more" or "at least one" and indefinite articles such as "a" or "an" (e.g., “a
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and/or “an” should be interpreted to mean “at least one” or “one or more”); the same holds
true for the use of definite articles used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicitly recited, those skilled in the art
will recognize that such recitation should be interpreted to mean at least the recited number
(e.g., the bare recitation of "two recitations,” without other modifiers, means at least two
recitations, or two or more recitations). Furthermore, in those instances where a convention
analogous to “at least one of A, B, and C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would understand the convention (e.g., “ a
system having at least one of A, B, and C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C together, B and C together,
and/or A, B, and C together, etc.). In those instances where a convention analogous to “at
least one of A, B, or C, etc.” is used, in general such a construction is intended in the sense
one having skill in the art would understand the convention (e.g., “ a system having at least
one of A, B, or C” would include but not be limited to systems that have A alone, B alone, C
alone, A and B together, A and C together, B and C together, and/or A, B, and C together,
etc.). It will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, whether in the description, claims, or
drawings, should be understood to contemplate the possibilities of including one of the terms,
either of the terms, or both terms. For example, the phrase “A or B” will be understood to
include the possibilities of “A” or “B” or “A and B.”

[0264] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

[0265] In the claims which follow and in the preceding description of the
invention, except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is used
in an inclusive sense, i.¢., to specify the presence of the stated features but not to preclude the

presence or addition of further features in various embodiments of the invention.
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[0266] It is to be understood that, if any prior art publication is referred to
herein, such reference does not constitute an admission that the publication forms a part of

the common general knowledge in the art, in Australia or any other country.
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WHAT IS CLAIMED IS:

1. A method of making a genetically modified macrophage, comprising:

(a) delivering a lentiviral vector to a monocyte, wherein the lentiviral vector is packaged
with a VPX protein and comprises a nucleic acid encoding a payload protein; and

(b) differentiating the monocyte to obtain the genetically modified macrophage,

wherein step (b) is performed concurrently with step (a).

2. The method of claim 1, wherein the step (b) comprises contacting the monocyte with

GM-CSF, or M-CSF, and in the absence of 1L-4.

3. The method of claim 1 or 2, wherein the delivering comprises contacting the monocyte

with the lentiviral vector at a multiplicity of infection (MOI) of 250 or less.

4. The method of any one of claims 1-3, wherein the payload protein is selected from IL-1;
IL-6; IL-7; 1L-15; 1L-2; 1L-12; 1L.-18; 1L-21; interferon alpha; interferon beta; interferon
gamma; a T-cell chemokine; NK-cell chemokine; a PD1-checkpoint binding inhibitor; a PD-1
fusion protein; a PD-1 protein fragment comprising the amino acid sequence of SEQ ID
NO:07; a fusion protein comprising a PD-1 checkpoint binding protein and a protein selected
from interferon alpha, interferon beta, or interferon gamma; a cell surface selectable marker
selected from a truncated EGFR polypeptide (EGFRt), a truncated CD19 polypeptide
(CD19t); or a chimeric antigen receptor (CAR).

5. The method of any one of claims 1-4, further comprising:
delivering to the monocyte: a guide RNA (gRNA), and (i) a Cas9 endonuclease or a
nucleic acid encoding the Cas9 endonuclease, or (ii) a Cas9 VP64 fusion protein or nucleic

acid encoding the Cas9 VP64 fusion protein

6.  The method of claim 5, wherein (i) the gRNA comprises a sequence capable of
hybridizing to a target gene selected from PD-L1, TGF-beta, IL-10, Arginase, HIF-1alpha,
RAGE, CD206, IL-4, CCL22, CCL17, VEGF, EGF, WNT7beta, PGE, IL-12p40, IL-15, IL-6,
IL-1 beta, TNF-alpha, IFN-alpha, IFN-beta, [FN-gamma, 1L-12, IL-18, 1L-23 or GM-CSF;
and/or (i1) the Cas9 VP64 fusion protein is capable of activating transcription or translation of
a protein selected from IL-12p40, IL-15, IL-6, IL-1 beta, TNF-alpha, IFN-alpha, IFN-beta,
IFN-gamma, 1L-12, IL-18, IL-23 or GM-CSF.
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7. The method of any one of claims 1-6, wherein the lentiviral vector further comprises a

nucleic acid encoding a suicide gene system.
8. The method of any one of claims 1-7, wherein the monocyte is human.

9. The method of any one of claims 1-8, wherein the nucleic acid encoding a payload

protein is operably linked to a promoter inducible by a drug.

10. The method of claim 9, wherein the drug comprises tamoxifen or a metabolite of

tamoxifen.

11.  The method of claim 9 or 10, further comprising administering the genetically modified

macrophage to a subject.
12.  The method of claim 11, further comprising administering the drug to the subject.
13.  The method of claim 11 or 12, wherein the subject is a human.

14. A genetically modified macrophage when made by the method of any one of claims 1-

13.
15. The genetically modified macrophage of claim 14 for use as a medicament.

16. A system when used according to the method of any one of claims 1-13, comprising: (i)
the monocyte; (ii) the lentiviral vector; and (iii) a reagent capable of differentiating the

monocyte to a macrophage.

17. A method of expressing a payload protein in a subject, comprising:

administering the genetically modified macrophage of claim 14 to the subject.

18.  The method of claim 17, wherein the genetically modified macrophage is administered

by adoptive cell transfer.

19. The method of claim 17 or 18, wherein the genetically modified macrophage is

administered by injection into a solid tumor.

20. The method of claim 19, wherein the solid tumor is selected from the group consisting
of a breast cancer, brain cancer, lung cancer, liver cancer, stomach cancer, spleen cancer,
colon cancer, renal cancer, pancreatic cancer, prostate cancer, uterine cancer, skin cancer,

head cancer, neck cancer, sarcoma, neuroblastoma, and ovarian cancer.
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