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DRUG-RESISTANT IMMUNE CELLS AND
METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application No. 62/672,868, filed May

17, 2018, which is incorporated herein by reference as if set forth in its entirety.

BACKGROUND

Regulatory T cells (Tregs) are critical to the maintenance of immune cell homeostasis as
evidenced by the catastrophic consequences of genetic or physical ablation of the Treg
population. Specifically, Treg cells maintain order in the immune system by enforcing a
dominant negative regulation on other immune cells. Broadly classified into natural or adaptive
(induced) Tregs; natural Tregs are CD4+CD25+ T-cells which develop, and emigrate from the
thymus to perform their key role in immune homeostasis. Adaptive Tregs are non-regulatory
CD4+ T-cells which acquire CD25 (IL-2R alpha) expression outside of the thymus, and are
typically induced by inflammation and disease processes, such as autoimmunity and cancer.

Regulatory T cells (Tregs) suppress exuberant immune system activation and promote
immunologic tolerance. Because Tregs modulate both innate and adaptive immunity, there has
recently been intense interest in using Tregs for immunotherapy. Conditions that require clinical
tolerance to improve outcomes — autoimmune disease, solid organ transplantation, and
hematopoietic stem cell transplantation — may benefit from Treg immunotherapy. Barriers to
clinically feasible Treg immunotherapy include Treg stability, off-cell effects, and demonstration
of cell preparation purity and potency. Clinical trials involving Treg adoptive transfer to treat
graft versus host disease (GVHD) preliminarily demonstrated the safety and efficacy of Treg
immunotherapy in humans. In these trials, Tregs have been found to not persist longer than two
weeks in the blood of GVHD patients.

Thus, there is a need in the art to develop immune cells that overcome barriers such as
short persistence. In particular, there is a need in the art to develop Tregs that have increased

persistence in vivo.

SUMMARY
Steroids and/or calcineurin inhibitors represent standard of care prophylaxis when

treating subjects with graft versus host disease (GVHD) and may inhibit Treg persistence and
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function. Treg suppression of T effector (Teff) cells in combination with standard of care GVHD
prophylaxis (e.g., calcineurin inhibitors, steroids) may directly inhibit Treg persistence and
function. The present invention is based on the discovery that immune cells (e.g., Tregs)
genetically modified to be resistant to steroids and/or calcineurin inhibitors have enhanced
function and viability. The present invention provides steroid and/or calcineurin inhibitor
resistant immune cells (e.g., Tregs). The present invention also provides methods of making
such genetically modified immune cells, and methods of using the same to treat alloresponses
and/or alloimmunity in which steroids and/or calcineurin inhibitors are used as prophylaxis.

In a first aspect, provided herein is a steroid-resistant genetically-modified hematopoietic
cell or precursor cell thereof, comprising a genetic modification in a gene locus encoding for
NR3C1, wherein the modification is capable of downregulating gene expression of NR3C1,
wherein the modification is located in an exon, a splice donor, or a splice acceptor of NR3C1,
and wherein the modified cell is rendered steroid-resistant as a result of said genetic
modification. The genetic modification can be mediated by a CRISPR-Cas system, a CRISPR-
Cpf1 system, a Cas9 orthologue, a Cas9 paralog, a Cas-related family member, zinc fingers,
TALENS, or a meganuclease. The modification can be an indel. The indel can be located in
exon 2 of NR3C1. The indel in NR3C1 can be mediated by a CRISPR system. The CRISPR
system can comprise a CRISPR nuclease and a guide RNA. The guide RNA can comprise a
guide sequence that is sufficiently complementary with a target sequence in exon 2 of NR3C1.
The guide RNA can comprise a nucleic acid sequence set forth in any one of SEQ ID NOs:7-10.
The guide RNA can comprise a nucleic acid sequence set forth in SEQ ID NO:8. The
modification can be a base pair substitution. The substitution in NR3C1 can be mediated by a
CRISPR system. The CRISPR system can comprise a base editor and a guide RNA. The base
editor can comprise a CRISPR deactivated or nicking DNA binding domain or a variant thereof,
and a base-editing domain. The CRISPR deactivated or nicking DNA binding domain can be a
Cas9 domain. The CRISPR deactivated or nicking DNA binding domain can be a variant Cas9
domain. The variant Cas9 domain can be a nuclease-inactive Cas9 domain. The base-editing
domain can be a deaminase domain. The deaminase domain can have specificity for cytosine
or adenine. The deaminase domain can be a cytidine or an adenosine deaminase. The
substitution can introduce a premature stop codon in NR3C1, thereby resulting in
downregulated gene expression of NR3C1. The guide RNA can comprise a guide sequence
that is sufficiently complementary with a target sequence in an exon of NR3C1. The guide RNA

can comprise a guide sequence that is sufficiently complementary with a target sequence in
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exon 2 of NR3C1. The guide RNA can comprise a nucleic acid sequence set forth in any one of
SEQ ID NOs:17-54. The guide RNA can comprise a guide sequence that is sufficiently
complementary with a target sequence comprising a splice acceptor or a splice donor of
NR3C1. The substitution can be capable of disrupting splicing of an NR3C1 mRNA, thereby
resulting in downregulated gene expression of NR3C1. The guide RNA can comprise a nucleic
acid sequence set forth in any one of SEQ ID NO 55 or 56. The modified cell can be resistant to
a corticosteroid. The modified cell can be resistant to a glucocorticosteroid. The
glucocorticosteroid can be selected from the group consisting of a progesterone-type
glucocorticosteroid, a hydrocortisone-type glucocorticosteroid, a methasone-type
glucocorticosteroid, and a acetonide-type glucocorticosteroid. The glucocorticosteroid can be
selected from the group consisting of dexamethasone, betamethasone, hydrocortisone
(cortisol), prednisone, prednisolone, loteprednol, deflazacort, methylprednisolone,
triamcinolone, fludrocortisone, and deoxycorticosterone.

In another aspect, provided herein is a calcineurin inhibitor (CNI)-resistant, genetically-
modified hematopoietic cell or precursor cell thereof, comprising an exogenous calcineurin
inhibitor (CNI) resistance gene in the genome of the cell, wherein the CNI-resistance gene is
inserted as a result of CRISPR-mediated homology directed repair (HDR) and wherein the
modified cell is rendered CNI-resistant as a result of said resistance gene. The calcineurin
inhibitor resistance gene can be inserted at a gene locus encoding for NR3C1. The calcineurin
inhibitor resistance gene can be a mutant form of a Calcineurin A (CNa) gene selected from the
group consisting of PPP3Ca, PPP3Cb and PPP3Cc or a mutant form of the Calcineurin B (CNb)
gene selected from the group consisting of PPP3R1 and PPP3R2. The mutant calcineurin gene
can be inserted into the NR3C1 locus via homologous recombination using an exogenous donor
DNA sequence. The exogenous donor DNA sequence can comprise the nucleic acid sequence
set forth in SEQ ID NO:11. The calcineurin inhibitor resistance gene can encode for a
calcineurin variant protein. The calcineurin variant protein can be selected from the group
consisting of CNa12, CNa22, and CNb30. The calcineurin variant can comprise the amino acid
sequence set forth in any one of SEQ ID NOs:3-5. The calcineurin variant protein can bind a
calcineurin inhibitor but not calcineurin, thereby resulting in sequestration of the calcineurin
inhibitor and prevention of calcineurin inhibition. The modified cell can be resistant to a
calcineurin inhibitor selected from the group consisting of Cyclosporin A (CsA), Voclosporin,

Tacrolimus (FK-506, fujimycin), Pimecrolimus, and derivatives and analogs thereof.
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In a further aspect, provided herein is a genetically modified, steroid-resistant and
calcineurin inhibitor (CNI)-resistant hematopoietic cell or precursor cell thereof, comprising (1) a
first genetic modification comprising an indel in a gene locus encoding for NR3C1, wherein the
indel is capable of downregulating gene expression of NR3C1, and (2) a second genetic
modification comprising an exogenous CNI resistance gene inserted in the genome of the cell,
wherein the CNI resistance gene resides at the site of the indel in the gene locus encoding for
NR3C1, wherein the modified cell is rendered steroid- and CNI-resistant as a result of said
genetic modifications. The gene locus can correspond to exon 2 of NR3C1. The indel can be
mediated by a CRISPR system comprising a guide RNA comprising a nucleic acid sequence set
forth in any one of SEQ ID NOs:7-10. The indel can be mediated by a CRISPR system
comprising a guide RNA comprising the nucleic acid sequence set forth in SEQ ID NO:8.

In another aspect, provided herein is a genetically modified, steroid-resistant and
calcineurin inhibitor (CNI)-resistant hematopoietic cell or precursor cell thereof, comprising (1) a
first genetic modification comprising a modification in a NR3C1 gene locus, wherein the
modification is capable of downregulating gene expression of NR3C1, and (2) a second genetic
modification comprising an exogenous CNI resistance gene inserted in the genome of the cell,
wherein the modified cell is rendered steroid- and CNI-resistant as a result of said genetic
modifications. The first or second modification can be mediated by a CRISPR-Cas9 system, a
CRISPR-Cpf1 system, a Cas9 orthologue, a Cas9 paralog, a Cas-related family member, zinc
fingers, TALENS, or a meganuclease. The modification can be an indel. The indel can be
located in exon 2 of NR3C1. The indel in NR3C1 can be mediated by a CRISPR system. The
CRISPR system can comprise a CRISPR nuclease and a guide RNA. The guide RNA can
comprise a guide sequence that is sufficiently complementary with a target sequence in exon 2
of NR3C1. The guide RNA can comprise a nucleic acid sequence set forth in any one of SEQ ID
NOs:7-10. The guide RNA can comprise a nucleic acid sequence set forth in SEQ ID NO:8. The
modification can be a base pair substitution. The substitution in NR3C1 can be mediated by a
CRISPR system. The CRISPR system can comprise a base editor and a guide RNA. The base
editor can comprise a CRISPR deactivated or nicking DNA binding domain or a variant thereof,
and a base-editing domain. The CRISPR deactivated or nicking DNA binding domain can be a
Cas9 domain. The CRISPR deactivated or nicking DNA binding domain can be a variant Cas9
domain. The variant Cas9 domain can be a nuclease-inactive Cas9 domain. The base-editing
domain can be a deaminase domain. The deaminase domain can have specificity for cytosine

or adenine. The deaminase domain can be a cytidine or an adenosine deaminase. The
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substitution can introduce a premature stop codon in NR3C1, thereby resulting in
downregulated gene expression of NR3C1. The guide RNA can comprise a guide sequence
that is sufficiently complementary with a target sequence in an exon of NR3C1. The guide RNA
can comprise a guide sequence that is sufficiently complementary with a target sequence in
exon 2 of NR3C1. The guide RNA can comprise a nucleic acid sequence set forth in any one of
SEQ ID NOs:17-54. The guide RNA can comprise a guide sequence that is sufficiently
complementary with a target sequence comprising a splice acceptor or a splice donor of
NR3C1. The substitution can be capable of disrupting splicing of an NR3C1 mRNA, thereby
resulting in downregulated gene expression of NR3C1. The guide RNA can comprise a nucleic
acid sequence set forth in any one of SEQ ID NOs:55-56. The modified cell can be resistant to a
corticosteroid. The modified cell can be resistant to a glucocorticosteroid. The
glucocorticosteroid can be selected from the group consisting of a progesterone-type
glucocorticosteroid, a hydrocortisone-type glucocorticosteroid, a methasone-type
glucocorticosteroid, and a acetonide-type glucocorticosteroid. The glucocorticosteroid can be
selected from the group consisting of dexamethasone, betamethasone, hydrocortisone
(cortisol), prednisone, prednisolone, loteprednol, deflazacort, methylprednisolone,
triamcinolone, fludrocortisone, and deoxycorticosterone. The calcineurin inhibitor resistance
gene can be a mutant form of a Calcineurin A (CNa) gene selected from the group consisting of
PPP3Ca, PPP3Cb and PPP3Cc or a mutant form of the Calcineurin B (CNb) gene selected
from the group consisting of PPP3R1 and PPP3R2. The calcineurin inhibitor resistance gene
can encode for a calcineurin variant protein. The calcineurin variant protein can be selected
from the group consisting of CNa12, CNa22, and CNb30. The calcineurin variant protein can
comprise the amino acid sequence set forth in any one of SEQ ID NOs:3-5. The calcineurin
variant protein can bind a calcineurin inhibitor but not calcineurin, thereby resulting in
sequestration of the calcineurin inhibitor and prevention of calcineurin inhibition. The mutant
calcineurin gene can be inserted into the genome of the cell via homologous recombination
using an exogenous donor DNA sequence. The mutant calcineurin gene can be inserted into
the NR3C1 locus. The modified cell can be resistant to a calcineurin inhibitor selected from the
group consisting of Cyclosporin A (CsA), Voclosporin, Tacrolimus (FK-5086, fujimycin),
Pimecrolimus, and derivatives and analogs thereof. The modified cell can be a modified immune
cell. The modified cell can be a modified regulatory T cell (Treg). The modified cell can be an
autologous cell. The modified cell can be an allogeneic cell. The modified cell can be isolated

from a human subject. The human subject can have received a stem cell transplant or is a
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candidate for stem cell transplantation. The human subject can have received a solid organ
transplant or is a candidate for solid organ transplantation. The human subject can be suffering
from an autoimmune disorder. The human subject can be suffering from Graft vs. Host Disease
(GVHD). The human subject can be suffering from Type 1 Diabetes.

In a further aspect, provided herein is a method for generating a modified hematopoietic
cell or precursor cell thereof, comprising introducing into the cell a CRISPR system that
produces a modification in a gene locus encoding for NR3C1, wherein the modification is
capable of downregulating gene expression of NR3C1. The modification can be an indel in exon
2 of NR3C1. The CRISPR system can comprise a CRISPR nuclease and a guide RNA. The
guide RNA can comprise a guide sequence that is sufficiently complementary with a target
sequence in exon 2 of NR3C1. The guide RNA can comprise a nucleic acid sequence set forth
in any one of SEQ ID NOs:7-10. The guide RNA can comprise a nucleic acid sequence set forth
in SEQ ID NO:8. The modification can be a base pair substitution. The CRISPR system can
comprise a base editor and a guide RNA. The base editor can comprise a CRISPR deactivated
or nicking DNA binding domain or a variant thereof, and a base-editing domain. The CRISPR
deactivated or nicking DNA binding domain can be a Cas9 domain. The CRISPR deactivated or
nicking DNA binding domain can be a variant Cas9 domain. The variant Cas9 domain can be a
nuclease-inactive Cas9 domain. The base-editing domain can be a deaminase domain. The
deaminase domain can have specificity for cytosine or adenine. The deaminase domain can be
a cytidine or a adenosine deaminase. The substitution can introduce a premature stop codon in
NR3C1, thereby resulting in downregulated gene expression of NR3C1. The guide RNA can
comprise a guide sequence that is sufficiently complementary with a target sequence in an exon
of NR3C1. The guide RNA can comprise a guide sequence that is sufficiently complementary
with a target sequence in exon 2 of NR3C1. The guide RNA can comprise a nucleic acid
sequence set forth in any one of SEQ ID NOs:17-54. The guide RNA can comprise a guide
sequence that is sufficiently complementary with a target sequence comprising a splice
acceptor or a splice donor of NR3C1. The substitution can be capable of disrupting splicing of
an NR3C1 mRNA, thereby resulting in downregulated gene expression of NR3C1. The guide
RNA can comprise a nucleic acid sequence set forth in any one of SEQ ID NOs:55-56. The
CRISPR nuclease/base editor and the guide RNA can comprise a ribonucleoprotein (RNP)
complex. The CRISPR nuclease/base editor and/or the guide RNA can be encoded by a
polynucleotide. The polynucleotide can comprise a vector and/or a synthetic mMRNA. The RNP

or polynucleotide can be introduced by electroporation. The method can further comprise
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insertion of an exogenous calcineurin inhibitor resistance gene into the genome of the cell.
Insertion of the exogenous calcineurin inhibitor resistance gene can be via homologous
recombination. The insertion can occur at the site of the indel in a gene locus encoding NR3C1.
The insertion can occur at the site of the indel in a gene locus encoding NR3C1. The insertion
can occur at the site of the indel in the gene locus encoding NR3C1 via homologous
recombination from an exogenous donor DNA sequence. The exogenous donor DNA sequence
can comprise the nucleic acid sequence set forth in SEQ ID NO:11. The exogenous donor DNA
sequence can be introduced via viral transduction. The exogenous donor DNA sequence can be
introduced via electroporation. The exogenous donor DNA sequence comprises a promoter in
operable linkage to a nucleic acid encoding a reporter molecule. The promoter and the nucleic
acid encoding the reporter molecule can be separated by a linker. The linker can comprise a
T2A sequence. The calcineurin inhibitor resistance gene can be a mutant form of a Calcineurin
A (CNa) gene selected from the group consisting of PPP3Ca, PPP3Cb and PPP3Cc or a
mutant form of the Calcineurin B (CNb) gene selected from the group consisting of PPP3R1 and
PPP3R2. The calcineurin inhibitor resistance gene can encode for a calcineurin variant protein.
The calcineurin variant protein can be selected from the group consisting of CNa12, CNa22,
and CNb30. The calcineurin variant protein can comprise the amino acid sequence set forth in
any one of SEQ ID NOs:3-5. The modified cell can be a modified immune cell. The modified cell
can be a modified regulatory T cell (Treg). The modified cell can be an autologous cell. The
modified cell can be an allogeneic cell. The modified cell can be isolated from a human subject.
The human subject can have received a stem cell transplant or is a candidate for stem cell
transplantation. The human subject can have received a solid organ transplant or is a candidate
for solid organ transplantation. The human subject can be suffering from an autoimmune
disorder. The human subject can be suffering from Graft vs. Host Disease (GVHD). The human
subject can be suffering from Type 1 Diabetes.

In another aspect, provided herein is a method of achieving an immunosuppressive
effect in a subject in need thereof, comprising administering to the subject the modified cell as
provided herein. The subject can be suffering from an alloresponse and/or an autoimmune
response.

In a further aspect, provided herein is a method for achieving a preventative therapeutic
effect in a subject in need thereof, comprising administering to the subject, prior to onset of an
alloresponse and/or autoimmune response, a population of the modified cell as provided herein.

The alloresponse and/or autoimmune response can follow transplantation of a biological
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material. The biological material can be selected from the group consisting of a cell, a tissue,
and an organ. The biological material can be allogeneic. The subject can be human. The human
subject can have received a stem cell transplant or is a candidate for stem cell transplantation.
The human subject can have received a solid organ transplant or is a candidate for solid organ
transplantation. The human subject can be suffering from an autoimmune disorder. The human
subject can be suffering from Graft vs. Host Disease (GVHD). The human subject can be
suffering from Type 1 Diabetes. The modified cells can be administered in combination with a
steroid and/or a calcineurin inhibitor. The steroid and/or calcineurin inhibitor can be
administered prior to administration of the modified cells. The steroid and/or calcineurin inhibitor
can be administered simultaneous to or after administration of the modified cells. The steroid
can be a corticosteroid. The steroid can be a glucocorticosteroid. The glucocorticosteroid can be
selected from the group consisting of a progesterone-type glucocorticosteroid, a hydrocortisone-
type glucocorticosteroid, a methasone-type glucocorticosteroid, and a acetonide-type
glucocorticosteroid. The glucocorticosteroid can be selected from the group consisting of
dexamethasone, betamethasone, hydrocortisone (cortisol), prednisone, prednisolone,
loteprednol, deflazacort, methylprednisolone, triamcinolone, fludrocortisone, and
deoxycorticosterone. The calcineurin inhibitor can be selected from the group consisting of
Cyclosporin A (CsA), Voclosporin, Tacrolimus (FK-508, fujimycin), Pimecrolimus, and

derivatives and analogs thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the present invention will be more
fully understood from the following detailed description of illustrative embodiments taken in
conjunction with the accompanying drawings.

Fig. 1 depicts a schematic showing one version of a Treg banking protocol of an
embodiment of the present invention.

Figs. 2A-2D depicts data showing the effects of Dexamethasone on Treg survival. Four
experiments were performed as described. Data shown are aggregate data from all
experiments and represent the mean * 1 standard error of the mean. Fig. 2A depicts a
schematic showing a timeline of culture conditions. Fig. 2B depicts a graph showing the effect
of Dexamethasone on survival. Fig. 2C depicts a graph showing the effect of Dexamethasone
on FOXP3+CD127- cells. Fig. 2D depicts a graph showing the effect of Dexamethasone on

suppressive activity. P values were < 0.05 between the two groups at each Treg:PBMC ratio.
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Figs. 3A-3D depicts the process of gene editing of NR3C1 glucocorticoid receptor by
CRISPR guide RNA and Cas9. Fig. 3A depicts a schematic illustrating the process of gene
transfer. T cells or Tregs were harvested and activated with CD3/CD28 beads for 48 h (fresh)
or 72 h (frozen). The Neon electroporation device was used to deliver Cas9 mRNA or protein
with a gene specific guide RNA. Fig. 3B depicts a schematic illustrating NR3C1 gene targeting.
Four sites in exon 2 were identified and tested. Four candidates were identified. The
candidates were tested using the Surveyor method. Fig. 3C depicts a schematic illustrating the
Surveyor assay. Gene modified (“mutant amplicon”) and unmodified (“wild type amplicon”) are
hybridized resulting in homo- or heteroduplexes. Heteroduplexes caused by pairing of gene
edited and wild type sequences are cleaved by the Surveyor enzyme resulting in preditable
DNA fragments.

Figs. 4A-4D depicts CRISPR/Cas9-mediated NR3C1 knockout in Tregs. Guide RNA
candidates GR1 and GR2 were electroporated into activated Tregs as a ribonucleoprotein
particle (RNP) with the Cas9 peptide. Fig. 4A depicts a schematic illustrating the culture
process. Fig. 4B depicts a plot assessing the survival of Tregs after 72 h 30 ug/mL of
Dexamethasone was added in the conditions as indicated. Fig. 4C and Fig. 4D shows the
molecular analysis of the NR3C1 locus pre-Dexamethasone (Fig. 4C) and post-Dexamethasone
(Fig. 4D). The NR3C1 locus was amplified from the pool of cells and indel analysis was
performed by TIDE. The total gene modification rates were 35% and 44% for the pre- and post-
Dexamethasone cells, respectively. The graph corresponds to the indel pattern observed in
each population. Without being bound by any theory, it is predicted that out of frame indels
(e.g., those non-divisible by three) will result in gene inactivation. Y-axis indicates the number
of indels as a total percentage. X-axis indicates indels relative to unmodified (shown as bar in
position 0). Deletions are shown to the left of the 0 position and each bar is between 1-10 bp
away from the target site. Insertions of +1 bp are shown to the right of the O position. Asterisks
show +1, -1, and -7 bp insertions/deletions and the frequency of these events increased with
Dexamethasone exposure (comparing Fig. 4C with Fig. 4D), Dark black bars in Figs. 4C-4D
indicate editing events <0.5%.

Figs. 5A-5C depicts homology directed repair (HDR) in Tregs. Fig. 5A depicts the gene
targeting strategy. A calcineurin resistant gene co-expressed with GFP was designed such that
it could be targeted to exon 2 of the NR3C1 gene resulting in a loss of 21 amino acids. The
donor was encapsulated in AAV-6 particles and screening was performed using an inside/out

PCR with primers (indicated by horizontal arrows) within the donor and outside of the donor at
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the target locus. Fig. 5B depicts gene targeting optimization. Activated Tregs were
electroporated with NR3C1 Cas9 RNPs and the different indicated amounts of AAV-6 donor
were added. Inside/out PCR results are shown with Sanger sequencing confirmation of the
junction between the donor and the adjacent locus sequence shown in Fig. 5C.

Figs. 6A-6D depicts HDR in Tregs using GR2-Cas9 and AAV under optimal Treg
expansion conditions rescues survival of glucocorticoid disrupted Tregs by insertion of
calcineurin variant (CnB mut). Fig. 6A depicts a schematic illustrating the culture process. Fig.
6B (p<0.07) depicts the fold expansion of control and calcineurin variant (CnB mut) AAV
transduced Tregs over a 2 day period. Fig. 6C depicts the percent GFP expression under no or
Dexamethasone conditions as listed for control (black) or calcineurin variant (CnB mut; gray).
Fig. 6D depicts the relative survival of Tregs that were mock transduced or exposed to the
indicated Dexamethasone concentrations. P values are as indicated and represent aggregatge
data from four separate cultures.

Figs. 7A-7D depicts Treg drug susceptibility as related to IL-2 concentrations. Fig. 7A
depicts a schematic illustrating the culture process used to obtain data for Fig. 7B. Fig. 7B
depicts data showing the percent survival of Tregs that were cultured without drug (control) or
with CsA or tacrolimus (FK508) (p= not significant for all comparisons). The percent survival
relative to the control Tregs without drugs is shown. |L-2 concentration of 300 U/mL was used.
Fig. 7C depicts a schematic illustrating the culture process used to obtain data for Fig. 7D. Fig.
7D depicts data showing the percent relative survival of Tregs without drug at IL-2 300 U/mL as
compared to those cultured with the indicated concentrations of drug in the presence of IL-2 at
30, 100, or 300 U/mL as indicated. Mean values are shown % standard error of the mean for
three (Fig. 7B) or four (Fig. 7D) separate cultures.

Fig. 8 depicts steroid dose responses for GVHD prophylaxis in allogeneic BMT
recipients. n = 8 per group. BALB/c mice were lethally irradiated, given B6 BM + 2 M T cells
and steroids at the indicated doses from day 1-28. A low rapamycin dose (day 0-14, 3 times a
week through day 27) was used as a comparator. Each group was found to be significantly
different than vehicle control.

Fig. 9 depicts steroid based GVHD therapy in allogeneic BMT recipients. n = 8 per
group. BALB/c mice were lethally irradiated, given B6 BM + 1.5 M T cells and steroids at 10
mg/kg/day day 3-28 or 4-28 as indicated. It was found that day 3 treatment was significantly
better than vehicle control (p = 0.03).
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Fig. 10 depicts steroid based GVHD therapy in allogeneic BMT recipients. n =15 (BM -
Circles), 16 (Vehicle - Squares) and 25 (Prednisolone - Triangles). BALB/c mice were lethally
irradiated, given B6 BM + 1.5 M T cells and steroids at 10 mg/kg/day day 3-28. Day 3 treatment
was found to be significantly better than vehicle control (p = 0.0016).

Figs. 11A-11D depicts the monitoring of GVHD in mice. Human PBMC (15 x 108) were
injected into irradiated (50 rad) NSG mice £ methylprednisolone (15 mg/kg), and signs of GVHD
were monitored. Fig. 11A depicts a schematic illustration of the experiments indicating cohorts
(n =7 mice each), dosing schedule, and analysis points. Fig. 11B depicts Kaplan-Meier
survival curves for mice receiving PBMC only, or PBMC + prednisolone (p = 0.104). Fig. 11C
depicts disease progression monitored by weight loss (p = not significant). Fig. 11D depicts
disease progression monitored by quantitating the number of PBMC-derived CD45+, CD4+,
CD8+, and CD4+Foxp3+ T cells (p < 0.03, < 0.05, < 0.03, and not significant, respectively).
Animals were bled on day 19 for assessment.

Figs. 12A-12D depicts the monitoring of GVHD in mice. Human PBMC (15 x 108) were
injected into irradiated (50 rad) NSG mice + FK506 (36 or 12 mg/kg) or CsA (80 mg/kg), and
signs of GVHD were monitored. Fig. 12A depicts a schematic illustration of the experiments
indicating cohorts (n = 7 mice each for all groups, except CsA n = 5), dosing schedule, and
analysis points. Fig. 12B depicts Kaplan-Meier survival curves for mice receiving PBMC only,
or PBMC + CNI (PBMC only vs. FK506 (36mg/kg), p<0.04). Fig. 12C depicts disease
progression monitored by weight loss (p = not significant). Fig. 12D depicts disease
progression monitored by quantitating the number of PBMC-derived CD45+, CD4+, CD8+, and
CD4+Foxp3+ T cells (p < 0.03, < 0.05, < 0.02, and not significant, respectively). Animals were
bled on day 18 for assessment.

Fig. 13 depicts a schematic illustration indicating cohorts (n = 7 mice), dosing schedule,
and analysis points. Human PBMC (15 x 108) were injected into irradiated (50 rad) NSG mice +
prednisolone (10 mg/kg), FK506 (12 mg/kg) or CsA (20 mg/kg), and signs of GVHD (including
survival, weight, clinical score, and human T cell expansion) were monitored.

Figs. 14A-14C depicts the effect on expansion after the various manipulations as
indicated were performed.

Fig. 15 depicts a schematic illustrating a nucleic acid donor insert that encodes for a

calcineurin variant protein.
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Fig. 16 depicts a schematic showing the base editor platform that is a Cas9-deaminase
fusion gene/peptide capable of introduction of a substitution and a general schema of targeting
strategies and molecular analysis and quantification using a method of the present disclosure.

Fig. 17 depicts a flow diagram showing the general steps of achieving base-editing in
Tregs.

Fig. 18 depicts genomic sequencing data of control cells and cells electroporated with a
gRNA (SEQ ID NO:20) designed to introduce a premature stop codon into NR3C1. The percent
occurance of a T, G, C, or A nucleotde at each position in the genome coresponding to the
gRNA is shown.

Fig. 19 depicts genomic sequencing data of control cells and cells electroporated with a
gRNA (SEQ ID NO:20) designed to introduce a premature stop codon into NR3C1. The percent
occurance of a T, G, C, or A nucleotde at each position in the genome coresponding to the
gRNA is shown.

Fig. 20 depicts genomic sequencing data of control cells and cells electroporated with a
gRNA (SEQ ID NO:21) designed to introduce a premature stop codon into NR3C1 The percent
occurance of a T, G, C, or A nucleotde at each position in the genome coresponding to the
gRNA is shown.

Fig. 21 depicts genomic sequencing data of control cells and cells electroporated with a
gRNA (SEQ ID NO:21) designed to introduce a premature stop codon into NR3C1. The percent
occurance of a T, G, C, or A nucleotde at each position in the genome coresponding to the
gRNA is shown.

Fig. 22 depicts a schematic showing the introduction of a substitution into a splice site
using a method of the present disclosure.

Fig. 23 depicts genomic sequencing data of control cells and cells electroporated with a
gRNA (SEQ ID NO:55) designed to introduce a modification into a splice acceptor of NR3CA1.
The percent occurance of a T, G, C, or A nucleotide at each position in the genome
coresponding to the gRNA is shown.

Fig. 24 depicts genomic sequencing data of control cells and cells electroporated with a
gRNA (SEQ ID NO:55) designed to introduce a modification into a splice acceptor of NR3CA1.
The percent occurance of a T, G, C, or A nucleotde at each position in the genome
coresponding to the gRNA is shown.

Fig. 25 depicts genomic sequencing data of control cells and cells electroporated with a
gRNA (SEQ ID NO:56) designed to introduce a modification into a splice donor of NR3C1. The
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percent occurance of a T, G, C, or A nucleotde at each position in the genome coresponding to
the gRNA is shown.

Fig. 26 depicts genomic sequencing data of control cells and cells electroporated with a
gRNA (SEQ ID NO:56) designed to introduce a modification into a splice donor of NR3C1. The
percent occurance of a T, G, C, or A nucleotde at each position in the genome coresponding to
the gRNA is shown.

Fig. 27 depicts a general outline for two experiments. In one experiment, the
glucocorticoid receptor locus was base editing in effector T cells (Teffs) using BE4, with two
rounds of bead stimulation. In the second experiment, the glucocorticoid receptor locus was
base editing in effector T cells using BE4, but with only one round of bead stimulation.

Fig. 28 depicts data showing the percent relative survival of CD4+ effector T cells (Teffs)
following glucocorticoid receptor base editing from donors modified using gRNAs GR2 (SEQ ID
NO:8 in Table 1) or BE4 (SEQ ID NO:20 in Table 2) in the presence or absence of
dexamethasone. The first donor’s cells received two rounds of stimulation, and the second
donor’s cells received a single round of stimulation. Teffs receiving the two rounds of stimulation
were very sensitive to Dexamethasone (Dex). Editing with two rounds of BE4 was more

effective than GR2 at 30 pyg/ml in both experiments (p < 0.001, p < 0.01, respectively).

DETAILED DESCRIPTION

The present invention provides compositions and methods for modified hematopoietic
cells or precursors thereof (e.g., modified Tregs) that are steroid and/or calcineurin inhibitor
resistant. In some embodiments, the modified cells are genetically edited to disrupt one or more
endogenous genes that are responsible for steroid-mediated reduction of cell persistence and
survival. In some embodiments, the modified cells are genetically edited to introduce a
calcineurin inhibitor resistance gene. In certain embodiments, modified cells of the present
disclosure comprise one or more indels in the NR3C1 gene locus. In certain embodiments,
modified cells of the present disclosure comprise one or more indels in the NR3C1 gene locus,
and further comprise a calcineurin inhibitor resistance gene inserted into the one or more indels
in the NR3C1 gene locus.

In some embodiments, the provided cells, compositions and methods provide for
increased persistence and/or survival. For example, Tregs of the invention exhibit increased

persistence and/or survival. In clinical settings, the administration of steroids and calcineurin
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inhibitors represent standard of care prophylaxis treatments for individuals that have undergone,
e.g., allogeneic cell transplantation. Adoptive transfer of regulatory T cells is an approach to
reduce the negative effects after allogeneic cell transplantation. It was found herein that
steroids and/or calcineurin inhibitors negatively affect the persistence and survival of Tregs. As
such, modified cells of the present disclosure are more persistent and long-lived in the presence
of standard of care prophylaxis treatment.

It is to be understood that the methods described in this disclosure are not limited to
particular methods and experimental conditions disclosed herein as such methods and
conditions may vary. Itis also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be limiting.

Furthermore, the experiments described herein, unless otherwise indicated, use
conventional molecular and cellular biological and immunological techniques within the skill of
the art. Such techniques are well known to the skilled worker, and are explained fully in the
literature. See, e.g., Ausubel, et al., ed., Current Protocols in Molecular Biology, John Wiley &
Sons, Inc., NY, N.Y. (1987-2008), including all supplements, Molecular Cloning: A Laboratory
Manual (Fourth Edition) by MR Green and J. Sambrook and Harlow et al., Antibodies: A
Laboratory Manual, Chapter 14, Cold Spring Harbor Laboratory, Cold Spring Harbor (2013, 2nd

edition).

A. DEFINITIONS

Unless otherwise defined, scientific and technical terms used herein have the meanings
that are commonly understood by those of ordinary skill in the art. In the event of any latent
ambiguity, definitions provided herein take precedent over any dictionary or extrinsic definition.
Unless otherwise required by context, singular terms shall include pluralities and plural terms
shall include the singular. The use of “or” means “and/or” unless stated otherwise. The use of
the term “including,” as well as other forms, such as “includes” and “included,” is not limiting.

Generally, nomenclature used in connection with cell and tissue culture, molecular
biology, immunology, microbiology, genetics and protein and nucleic acid chemistry and
hybridization described herein is well-known and commonly used in the art. The methods and
techniques provided herein are generally performed according to conventional methods well
known in the art and as described in various general and more specific references that are cited
and discussed throughout the present specification unless otherwise indicated. Enzymatic

reactions and purification techniques are performed according to manufacturer’s specifications,
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as commonly accomplished in the art or as described herein. The nomenclatures used in
connection with, and the laboratory procedures and techniques of, analytical chemistry,
synthetic organic chemistry, and medicinal and pharmaceutical chemistry described herein are
those well-known and commonly used in the art. Standard techniques are used for chemical
syntheses, chemical analyses, pharmaceutical preparation, formulation, and delivery, and
treatment of patients.

That the disclosure may be more readily understood, select terms are defined below.

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

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

As used herein, to “alleviate” a disease means reducing the severity of one or more
symptoms of the disease.

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

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

The term “downregulation” as used herein refers to the decrease or elimination of gene
expression of one or more genes.

“Effective amount” or “therapeutically effective amount” are used interchangeably herein,
and refer to an amount of a compound, formulation, material, or composition, as described
herein effective to achieve a particular biological result or provides a therapeutic or prophylactic
benefit. Such results may include, but are not limited to an amount that when administered to a
mammal, causes a detectable level of immune suppression or tolerance compared to the
immune response detected in the absence of the composition of the invention. The immune

response can be readily assessed by a plethora of art-recognized methods. The skilled artisan
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would understand that the amount of the composition administered herein varies and can be
readily determined based on a number of factors such as the disease or condition being treated,
the age and health and physical condition of the mammal being treated, the severity of the
disease, the particular compound being administered, and the like.

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

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

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

The term “expand” as used herein refers to increasing in number, as in an increase in
the number of cells (e.g., Tregs). In one embodiment, the cells that are expanded ex vivo
increase in number relative to the number originally present in the culture. In another
embodiment, the cells that are expanded ex vivo increase in number relative to other cell types
in the culture. The term "ex vivo," as used herein, refers to cells that have been removed from a
living organism, (e.g., a human) and propagated outside the organism (e.g., in a culture dish,
test tube, or bioreactor).

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

“Expression vector” refers to a vector comprising a recombinant polynucleotide
comprising expression control sequences operatively linked to a nucleotide sequence to be
expressed. An expression vector comprises sufficient cis-acting elements for expression; other
elements for expression can be supplied by the host cell or in an in vitro expression system.

Expression vectors include all those known in the art, such as cosmids, plasmids (e.g., naked or
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contained in liposomes) and viruses (e.g., Sendai viruses, lentiviruses, retroviruses,
adenoviruses, and adeno-associated viruses) that incorporate the recombinant polynucleotide.

As used herein, the terms “genetically engineered” and “genetically modified” are used
interchangeably and refer to a cell that has been modified to comprise a non-naturally occurring
nucleic acid molecule that has been created or modified by the hand of man (e.g., using
recombinant or gene editing DNA technology) or is derived from such a molecule (e.g., by
transcription, translation, etc.). A cell that contains an exogenous, recombinant, synthetic,
and/or otherwise modified polynucleotide is considered to be a genetically modified cell and,
thus, non-naturally occurring relative to any naturally occurring counterpart. In some cases,
genetically modified cells contain one or more recombinant nucleic acids. In other cases,
genetically modified cells contain one or more synthetic or genetically engineered nucleic acids
(e.g., a nucleic acid containing at least one artificially created insertion, deletion, inversion, or
substitution relative to the sequence found in its naturally occurring counterpart).

“Identity” as used herein refers to the subunit sequence identity between two polymeric
molecules particularly between two amino acid molecules, such as, between two polypeptide
molecules. When two amino acid sequences have the same residues at the same positions;
e.g., if a position in each of two polypeptide molecules is occupied by an arginine, then they are
identical at that position. The identity or extent to which two amino acid sequences have the
same residues at the same positions in an alignment is often expressed as a percentage. The
identity between two amino acid sequences is a direct function of the number of matching or
identical positions; e.g., if half (e.g., five positions in a polymer ten amino acids in length) of the
positions in two sequences are identical, the two sequences are 50% identical; if 90% of the
positions (e.g., 9 of 10), are matched or identical, the two amino acids sequences are 90%
identical.

The term “immune response” as used herein is defined as a cellular response to an
antigen that occurs when lymphocytes identify antigenic molecules as foreign and induce the
formation of antibodies and/or activate lymphocytes to remove the antigen.

The term “immunosuppressive” or “immune suppressive” is used herein to refer to
reducing overall immune response.

“Insertion/deletion”, commonly abbreviated “indel,” is a type of genetic polymorphism in
which a specific nucleotide sequence is present (insertion) or absent (deletion) in a genome.

“Isolated” means altered or removed from the natural state. For example, a nucleic acid

or a peptide naturally present in a living animal is not “isolated,” but the same nucleic acid or
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peptide partially or completely separated from the coexisting materials of its natural state is
“isolated.” An isolated nucleic acid or protein can exist in substantially purified form, or can exist
in a non-native environment such as, for example, a host cell.

The term “knockdown” as used herein refers to a decrease in gene expression of one or
more genes.

The term “knockout” as used herein refers to the ablation of gene expression of one or
more genes.

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

By the term “modified” as used herein, is meant a changed state or structure of a
molecule or cell of the invention. Molecules may be modified in many ways, including
chemically, structurally, and functionally. Cells may be modified through the introduction of
nucleic acids. In certain embodiments, a modified cell may be “genetically modified” or
“genetically edited”, wherein one or more nucleic acids in the cell are altered.

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

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

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

may in some version contain an intron(s).
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“Parenteral” administration of an immunogenic composition includes, e.g., subcutaneous
(s.c.), intravenous (i.v.), intramuscular (i.m.), or intrasternal injection, or infusion techniques.

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

» u

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

As used herein, "pluripotency” means a cell’s ability to differentiate into form all lineages
of the body or soma (i.e., the embryo proper), including cells of all three germ layers (the
ectoderm, endoderm, and mesoderm).

As used herein, the term “pluripotent stem cell” refers to a cell capable of continued self-
renewal and of capable, under appropriate conditions, of differentiating into cells of all three
germ layers. Examples of pluripotent stem cells (PSCs) include embryonic stem cells (ESCs)
and induced pluripotent stem cells (iPSCs). As used herein, “embryonic stem cells” or “ESCs”
mean a pluripotent cell or population of pluripotent cells derived from an inner cell mass of a
blastocyst. See, e.g., Thomson et al., Science 282:1145-1147 (1998). These cells express Oct-
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4, SSEA-3, SSEA-4, TRA-1-60, and TRA-1-81, and appear in vitro as compact colonies having
a high nucleus to cytoplasm ratio and prominent nucleolus. As used herein, the term “iPS cell”
or “iIPSC” refers to a pluripotent cell or population of pluripotent cells that may vary with respect
to their differentiated somatic cell of origin, that may vary with respect to a specific set of
potency-determining factors and that may vary with respect to culture conditions used to isolate
them, but nonetheless are substantially genetically identical to their respective differentiated
somatic cell of origin and display characteristics similar to higher potency cells, such as ESCs,
as described herein. See, e.g., Yu et al., Science 318:1917-1920 (2007). IPSCs are
substantially genetically identical to their respective differentiated somatic cell of origin, display
characteristics similar to higher potency cells, such as ES cells, and cells are obtained by
reprogramming non-pluripotent cells (e.g., multipotent cells, oligopotent cells, unipotent cells,
and terminally differentiated cells) such as somatic cells. ESCs and iPSCs are available from
various commercial suppliers.

The term “subject” is intended to include living organisms in which an immune response
can be elicited (e.g., mammals). A “subject’ or “patient,” as used therein, may be a human or
non-human mammal. Non-human mammals include, for example, livestock and pets, such as
ovine, bovine, porcine, canine, feline and murine mammals. Preferably, the subject is human.

A “target site” or “target sequence” refers to a genomic nucleic acid sequence that
defines a portion of a nucleic acid to which a binding molecule may specifically bind under
conditions sufficient for binding to occur.

The term “therapeutic’ as used herein means a treatment and/or prophylaxis. A
therapeutic effect is obtained by suppression, remission, or eradication of a disease state.

“Transplant” refers to a biocompatible lattice or a donor tissue, organ or cell, to be
transplanted. An example of a transplant may include but is not limited to skin cells or tissue,
bone marrow, and solid organs such as heart, pancreas, kidney, lung and liver. A transplant
can also refer to any material that is to be administered to a host. For example, a transplant can
refer to a nucleic acid or a protein.

The term “transfected” or “transformed” or “transduced” as used herein refers to a
process by which exogenous nucleic acid is transferred or introduced into the host cell. A
“transfected” or “transformed” or “transduced” cell is one which has been transfected,
transformed or transduced with exogenous nucleic acid. The cell includes the primary subject

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

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

Ranges: throughout this disclosure, various aspects of the invention can be presented in
a range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range.
For example, description of a range such as from 1 to 6 should be considered to have
specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2
to 6, from 3 to 6 etc., as well as individual numbers within that range, for example, 1, 2, 2.7, 3, 4,

5, 5.3, and 6. This applies regardless of the breadth of the range.

B. MODIFIED CELLS

The present invention provides a modified cell (e.g., a modified pluripotent stem cell, a

modified immune cell, a modified regulatory T cell, an immune cell derived from a modified
pluripotent stem cell) that is resistant to the effects of steroids (e.g., glucocorticoids). The
present invention provides a modified cell (e.g., an immune cell, a regulatory T cell) that is
resistant to the effects of calcineurin inhibitors (e.g., CsA, FK506). In certain embodiments, the
present invention provides a modified cell (e.g., an immune cell, a regulatory T cell) that is
resistant to the effects of both steroids (e.g., glucorticoids) and calcineurin inhibitors (e.g., CsA,
FK506). Also provided is a modified cell that is resistant to the effects of other
immunosuppressor drugs (e.g., mTOR inhibitors, mycophenolic acid, methotrexate, fludarabine,
pentostatin, cyclophosphamide, etc.). Also provided is a modified effector T cell (Teff) that is

sensitive to the effects of steroids and/or calcineurin inhibitors.
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Steroid-resistant cells

As described herein, steroids (e.g., glucocorticoids) represent standard of care
prophylaxis when treating subjects with graft versus host disease (GVHD) and may reduce
effector T cell (Teff) function as well as directly inhibit Treg persistence and function. Steroids
may directly impact the survival of cells, for example, the survival of Tregs in the presence of the
steroid dexamethasone is greatly diminished.

The present disclosure provides a steroid-resistant cell (e.g., a gene edited steroid-
resistant pluripotent stem cell, a steroid-resistant regulatory T cell (Treg), steroid-resistant
hematopoietic cell or precursor cell thereof). As used herein, a “steroid-resistant” cell refers to a
cell that is resistant to the effects of a steroid (e.g., a glucocorticoid). As used herein, a cell
which is "resistant or tolerant" to an agent means a cell which has been genetically modified so
that the cell proliferates in the presence of an amount of an agent that inhibits or prevents
proliferation of a cell without the modification. A steroid-resistant cell of the present disclosure,
when contacted with a steroid, exhibits minimal to no physiological changes. Effectively, a
steroid-resistant cell does not interact with (e.g., bind) a steroid. Various methods of assessing
whether a steroid-resistant cell is resistant to the effect of a steroid are known in the art. For
example, the survival of cells in the presence of a steroid can be measured using cell counting
technology, or with reporter-based technology. The skilled person will be able to determine the
effect of a steroid on a steroid-resistant cell using the various methods known in the art.

In some embodiments, steroid resistance is achieved by gene editing of one or more
endogenously expressed genes. As such, the present disclosure provides a gene edited
steroid-resistant cell (e.g., a gene edited steroid-resistant pluripotent stem cell, a gene edited
steroid-resistant Treg, a modified hematopoietic cell or precursor cell thereof). In some
embodiments, a cell is genetically edited to disrupt the expression of one or more endogenously
expressed genes, wherein the disruption results in a reduction, deletion, elimination, knockout
or disruption in expression of one or more endogenously expressed genes, thereby conferring
steroid resistance to the cell.

In some embodiments, a steroid-resistant cell of the present disclosure is genetically
edited to disrupt the expression of one or more endogenous genes that encode for one or more
nuclear receptors. Nuclear receptors are a class of proteins found within cells that are
responsible for sensing steroid and thyroid hormones, and other molecules. These receptors

work with other proteins to regulate the expression of specific genes. Various nuclear receptors
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are known in the art, and are broadly categorized into subfamilies, for example: subfamily 1,
thyroid hormone receptor-like; subfamily 2, retinoid X receptor-like; subfamily 3, estrogen
receptor-like; subfamily 4, nerve growth factor IB-like; and subfamily 5, steroidogenic factor-like,
subfamily 6, germ cell nuclear factor-like. Each subfamily of nuclear receptors can be further
categorized into groups. For example, nuclear receptors belonging to subfamily 3 can be
further categorized into, for example: class A, estrogen receptor; class B, estrogen related
receptor; and class C, 3-ketosteroid receptors. Several members of the nuclear receptors
belonging to subfamily 3, class C, are known. For example, the NR3C1 gene (NCBI Reference
Sequence NG_009062.1) encodes for the glucocorticoid receptor, the NR3C2 gene (NCBI
Reference Sequence NG_013350.1) encodes for the mineralocorticoid receptor, the NR3C3
gene (NCBI Reference Sequence NG_016475.1) encodes for the progesterone receptor, and
the NR3C4 gene (NCBI Reference Sequence NG_009014.2) encodes for the androgen
receptor.

In certain embodiments, a steroid-resistant cell of the present disclosure is genetically
edited to disrupt the expression of NR3C1. NR3C1 encodes for the glucocorticoid receptor
(GR, or GCR). Glucocorticoids are a class of corticosteroids that bind to the glucocorticoid
receptor, traditionally known for its role in regulating glucose metabolism, and synthesis in the
adrenal cortex. As used herein, the terms “glucocorticoid” and “glucocorticosteroid” are used
interchangeably. Glucocorticoids include, without limitation, progesterone-type glucocorticoids,
hydrocortisone-type glucocorticoids, methasone-type glucocorticoids, and acetonide-type
glucorticoids. Gluticocorticoids include, without limitation, betamethasone, budesonide,
cortisone, deflazacort, deoxycorticosterone, dexamethasone, fludrocortisone, hydrocortisone
(cortisol), loteprednol, methylprednisolone, prednisolone, prednisone, and triamcinolone, and
derivatives and analogs thereof.

As such, in some embodiments, a steroid-resistant cell (e.g., a gene edited steroid-
resistant pluripotent stem cell, a steroid-resistant hematopoietic cell or precursor cell thereof) of
the present disclosure is genetically edited (as defined by one or more DNA or RNA base
alterations, insertions, deletions, substitutions, or conversions via a nucleotide binding reagent
such as CRISPR/Cas9, CRISPR/Cas12a (Cpf1), Cas9 orthologues, paralogs, Cas related
family members, zinc fingers, TALENSs, or meganuclease candidates that are targeted to the
NR3C1 locus leading to disruption or perturbation of expression of NR3C1 (e.g., via introduction
of indels and/or substitution(s) into the NR3C1 locus (to include regulatory regions, exon(s), and

intron(s)), wherein the steroid-resisant cell is resistant to one or more glucocorticoids selected
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from the group consisting of a progesterone-type glucocorticoid, a hydrocortisone-type
glucocorticoid, a methasone-type glucocorticoid, and an acetonide-type glucorticoid. In some
embodiments, a steroid-resistant cell of the present disclosure is genetically edited to disrupt the
expression of NR3C1, wherein the steroid-resisant cell is resistant to one or more
glucocorticoids selected from the group consisting of betamethasone, budesonide, cortisone,
deflazacort, deoxycorticosterone, dexamethasone, fludrocortisone, hydrocortisone (cortisol),
loteprednol, methylprednisolone, prednisolone, prednisone, and triamcinolone, and derivatives
and analogs thereof. |n certain embodiments, a steroid-resistant cell of the present disclosure is
genetically edited to disrupt the expression of NR3C1, wherein the steroid-resistant cell is
resistant to dexamethasone.

In some embodiments, a steroid-resistant cell (e.g., a gene edited steroid-resistant
pluripotent stem cell, a steroid-resistant hematopoietic cell or precursor cell thereof) of the
present disclosure exhibits increased cell survival in the presence of a steroid (e.g.,
dexamethasone). In some embodiments, a steroid-resistant cell genetically edited to disrupt the
expression of NR3C1 (e.g., via introduction of indels and/or substitution(s) into the NR3C1 locus
(to include regulatory regions, exon(s), and intron(s)) exhibits increased cell survival in the
presence of a steroid. In certain embodiments, a steroid-resistant cell genetically edited to
disrupt the expression of NR3C1 exhibits increased cell survival in the presence of
dexamethasone. In some embodiments, the increase in cell survival is at least 105%, at least
110%, at least 115%, at least 120%, at least 125%, at least 130%, at least 135%, at least 140%,
at least 145%, at least 150%, at least 155%, at least 160%, at least 165%, at least 170%, at
least 175%, at least 180%, at least 185%, at least 190%, at least 195%, at least 200%, at least
205%, at least 210%, at least 215%, at least 220%, at least 225%, at least 230%, at least 235%,
at least 240%, at least 245%, at least 250%, at least 255%, at least 260%, at least 265%, at
least 270%, at least 275%, at least 280%, at least 285%, at least 290%, at least 295%, at least
300%, at least 350%, at least 400%, or more.

Calcineurin inhibitor-resistant cells
As described herein, calcineurin inhibitors (CNIs) represent standard of care prophylaxis
when treating subjects with graft versus host disease (GVHD) and may reduce effector T cell

(Teff) function as well as directly inhibit Treg persistence and function. Calcineurin inhibitors
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may directly impact the survival of cells, for example, the survival of Tregs in the presence of the
steroid dexamethasone is greatly diminished.

The present disclosure provides a CNI-resistant cell (e.g., a CNI-resistant pluripotent
stem cell, a CNl-resistant regulatory T cell (Treg), a CNI-resistant hematopoietic cell or
precursor cell thereof). As used herein, a “calcineurin inhibitor-resistant” cell refers to a cell that
is resistant to the effects of a CNI (e.g., cyclosporin). A CNI-resistant cell of the present
disclosure, when contacted with a CNI, exhibits minimal to no physiological changes.
Effectively, a CNlI-resistant cell does not interact with (e.g., bind) a CNI. Various methods of
assessing whether a CNli-resistant cell is resistant to the effect of a CNI are known in the art.
For example, the survival of cells in the presence of a CNI can be measured using cell counting
technology, or with reporter-based technology. The skilled person will be able to determine the
effect of a CNI on a CNI-resistant cell using the various methods known in the art.

Calcineurin is a heterodimeric calcium and calmodulin dependent serine-threonine
phosphatase which is central to T cell activation. After engagement of the T cell receptor,
calcineurin dephosphorylates the transcription factor NFAT (nuclear factor of activated T cell),
allowing it to translocate to the nucleus and activate key target genes such as IL-2 (interleukin
2). FK506 (tacrolimus; fujimycin) in complex with FKBP12 (FK506 binding protein), or CsA
(cyclosporin A) in complex with CyPA (cyclophilin A), block NFAT access to calcineurin’s active
site, preventing its dephosphorylation, and thereby inhibiting T cell activation. Calcineurin is
formed by two subunits: A, which is a catalytic subunit (CnA) responsible for its phosphatase
activity, and B, a regulatory subunit (CnB) that is particularly responsive to intracellular calcium
and regulates CnA activation.

Calcineurin is the target of a class of drugs called calcineurin inhibitors, which includes
without limitation, cyclosporin, voclosporin, pimecrolimus, and tacrolimus, and derivatives and
analogs thereof. Calcineurin inhibitors (CNIs) bind intracellular proteins called immunophilins:
cyclophilins in the case of cyclosporin A (CsA, also known in the art as clyclosporin), and the
FK-binding proteins in the case of tacrolimus (also known as FK506). This complex then binds
to calcineurin, leading to an inhibition of its activity, and hence inhibiting T cell activation.
Cyclosporin is a cyclic endecapeptide with N-methylated amino acids that make the molecule
resistant to inactivation by the gastrointestinal tract and hence usable as an oral
immunosuppressive drug. Voclosporin is an analog of cyclosporine with enhanced action
against calcineurin and greater metabolic stability. Tacrolimus (FK5086; fujimycin) is a macrolide

antibiotic. Pimecrolimus and tacrolimus belong to the ascomycin class of macrolactam
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immunosuppressives, acting by the inhibition of T cell activation via the calcineurin pathway and
inhibition of the release of numerous inflammatory cytokines.

In some embodiments, as described herein, CNI resistance can be achieved by
introducing into the cell a calcineurin inhibitor resistance gene. As such, the present disclosure
provides a modified cell that is resistant to a CNI (e.g., a CNI-resistant pluripotent stem cell, a
modified CNI-resistant Treg). In some embodiments, a cell is modified to express a calcineurin
inhibitor resistance gene. Where a cell is modified to express a CNI resistance gene, the cell
may be further modified to disrupt the expression of an endogenous calcineurin gene.

In some embodiments, a calcineurin inhibitor resistance gene includes a variant of
calcineurin that has been modified at key amino acid residues to disrupt docking of either or
both FK506-FKBP12 and CsA-CyPA to produce calcineurin mutants resistant to FK506 and/or
CsA. The calcineurin inhibitor resistant gene of the present invention can be a nucleic acid
sequence encoding a variant of calcineurin that resistant to calcineurin inhibitor such as FK506
and/or CsA. In some embodiments, the calcineurin variant binds FK506 but not calcineurin,
resulting in sequestration of the drug and prevention of calcineurin inhibition.

In some embodiments, the calcineurin variant can comprise one or more substitutions of
the wild type calcineurin heterodimer A at one or more positions selected from the group
consisting of V314, Y341, M347, T351, W352, L354, and K360. In some embodiments, the
calcineurin variant can comprise a double substitution of the wild type calcineurin heterodimer
A, for example, at positions T351 and L354, or V314 and Y341. In some embodiments, the
valine residue at position 341 can be replaced with a lysine or an arginine residue, the tyrosine
residue at position 341 can be replaced with a phenylalanine residue; the methionine at position
347 can be replaced with the glutamic acid, arginine or tryptophane residue; the threonine at
position 351 can be replaced with the glutamic acid residue; the tryptophane residue at position
352 can be replaced with a cysteine, glutamic acid or alanine residue, the serine at position 353
can be replaced with the histidine or asparagines residue, the leucine at position 354 can be
replaced with an alanine residue; the lysine at position 360 can be replaced with an alanine or
phenylalanine residue of SEQ ID NO:1. Correspondence of amino acid positions described
herein is frequently expressed in terms of the positions of the amino acids of the form of the
wild-type human calcineurin heterodimer A polypeptide set forth in SEQ ID NO:1 (GenBank:
ACX34092.1). In some embodiments, the calcineurin variant can comprise one or more
substitutions of the wild type calcineurin heterodimer B at one or more positions selected from

the group consisting of V120, N123, L124, or K125. In some embodiments, the calcineurin
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variant can comprise a double substitution of the wild type calcineurin heterodimer B, for
example, at positions L124 and K125. In some embodiments, the valine at position 120 can be
replaced with a serine, an aspartic acid, phenylalanine or leucine residue; the asparagines at
position 123 can be replaced with a tryptophan, lysine, phenylalanine, arginine, histidine or
serine; the leucine at position 124 can be replaced with a threonine residue; the lysine at
position 125 can be replaced with an alanine, a glutamic acid, tryptophan, or two residues such
as leucine-arginine or isoleucine-glutamic acid can be added after the lysine at position 125 in
the amino acid sequence SEQ ID NO:2. Correspondence of amino acid positions described
herein is frequently expressed in terms of the positions of the amino acids of the form of wild-
type human calcineurin heterodimer B polypeptide set forth in SEQ ID NO:2 (GenBank:
ACX34095.1). Calcineurin variants are described in Brewin et al., 2009, Blood, 114(23): 4792-
4803, which is incorporated by reference herein in its entirety.

In certain embodiments, a CNI-resistant cell (e.g., a CNI-resistant pluripotent stem cell, a
CNI-resistant hematopoietic cell or precursor cell thereof) of the present disclosure is modified
to express a variant of calcineurin. In certain embodiments, the calcineurin variant is selected
from the group consisting of CNa12 (SEQ ID NO:3; GenBank: GQ463594.1), CNa22 (SEQ ID
NO:4; GenBank: GQ463595.1), and CNb30 (SEQ ID NO:5; GenBank: GQ463597.1).

A target of calcineurin, and thus calcineurin inhibitors, is the transcription factor NFAT,
which is activated downstream of CD28 and is required for Treg development. In some
embodiments, a CNI resistant may be achieved by gene editing of one or more endogenously
expressed NFAT genes. Accordingly, the present disclosure provides a gene edited CNI-
resistant cell (e.g., a gene edited steroid-resistant Treg). In some embodiments, a cell is
genetically edited to disrupt the expression of one or more NFAT genes, wherein the disruption
results in a reduction, deletion, elimination, knockout or disruption in expression of one or more
endogenously expressed genes, thereby conferring CNI resistance to the cell.

In some embodiments, a CNI-resistant cell (e.g., a CNI-resistant pluripotent stem cell, a
CNI-resistant hematopoietic cell or precursor cell thereof) of the present disclosure is genetically
edited to disrupt the expression of one or more NFAT genes. The NFAT transcription factor
family comprises five members: NFATc1, NFATc2, NFATc3, NFATc4, and NFATS. NFATs c1-
c4 are regulated by calcium signaling, and are known as the classical members of the NFAT
family. Activated calcineurin rapidly dephosphorylates the serine-rich region and SP-repeats in
the amino termini of NFAT proteins, resulting in a conformational change that exposes a nuclear

localization signal, resulting in NFAT nuclear import. In some embodiments, a CNI-resistant cell
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of the present disclosure is genetically edited to disrupt one or more endogenously expressed
genes selected from the group consisting of NFATc1, NFATc2, NFATc3, NFATc4, and NFATS.
In certain embodiments, a CNI-resistant cell of the present disclosure is genetically edited to
disrupt one or more endogenously expressed genes selected from the group consisting of
NFATc1, NFATc2, and NFATc4.

In some embodiments, a CNI-resistant cell (e.g., a CNI-resistant pluripotent stem cell, a
CNI-resistant hematopoietic cell or precursor cell thereof) of the present disclosure is modified
to express an NFAT inhibitor that blocks activity of all NFAT isoforms. In some embodiments, a
CNI-resistant cell is modified to express an NFAT inhibitor comprising the VIVIT peptide (SEQ
ID NO:6). Various VIVIT peptide containing agents capable of inhibiting NFAT activity are
known in the art. In some embodiments, for example, the VIVIT peptide containing agent is an
inhibitor of calcineurin-mediated NFAT activation comprising the sequence set forth in SEQ ID
NO:67 (available at tocris.com/products/nfat-inhibitor_3930 on the World Wide Web).

In some embodiments, a CNI-resistant cell (e.g., a CNI-resistant pluripotent stem cell, a
CNI-resistant hematopoietic cell or precursor cell thereof) of the present disclosure exhibits
increased cell survival in the presence of a CNI (e.g., CsA). In some embodiments, a CNI-
resistant cell is modified to express a calcineurin inhibitor resistance gene and the CNI-resistant
cell exhibits increased cell survival in the presence of a CNI. In some embodiments, a CNI-
resistant cell of the present disclosure exhibits increased cell survival in the presence of a CNI
selected from the group consisting of cyclosporin, voclosporin, pimecrolimus, and tacrolimus,
and derivatives and analogs thereof. In certain embodiments, a CNI-resistant cell modified to
express a calcineurin inhibitor resistance gene exhibits increased cell survival in the presence of
CsA and/or tacrolimus (FK506), and derivatives and analogs thereof. In some embodiments,
the increase in cell survival is at least 105%, at least 110%, at least 115%, at least 120%, at
least 125%, at least 130%, at least 135%, at least 140%, at least 145%, at least 150%, at least
155%, at least 160%, at least 165%, at least 170%, at least 175%, at least 180%, at least 185%,
at least 190%, at least 195%, at least 200%, at least 205%, at least 210%, at least 215%, at
least 220%, at least 225%, at least 230%, at least 235%, at least 240%, at least 245%, at least
250%, at least 255%, at least 260%, at least 265%, at least 270%, at least 275%, at least 280%,
at least 285%, at least 290%, at least 295%, at least 300%, at least 350%, at least 400%, or

more.

Glucocorticoid and calcineurin inhibitor-resistant cells
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As described herein, glucocorticoid resistance can be achieved by disrupting the
endogenously expressed NR3C1 gene. Calcineurin inhibitor resistance can be achieved by
introducing into the cell a calcineurin inhibitor resistance gene (e.g., a variant of calcineurin).

The present disclosure provides glucocorticoid and calcineurin inhibitor-resistant cells
(e.g., a glucocorticoid and calcineurin inhibitor-resistant pluripotent stem cell, a glucocorticoid
and calcineurin inhibitor-resistant hematopoietic cell or precursor cell thereof). Such cells are
modified to disrupt expression of NR3C1 (e.g., via introduction of indels and/or substitution(s)
into the NR3C1 locus (to include regulatory regions, exon(s), and intron(s)), as well as to
express a CNI resistance gene. In some embodiments, a glucocorticoid and CNI-resistant cell
of the present disclosure is a cell modified to disrupt NR3C1 expression, and further modified to
express a CNI resistance gene (e.g., a calcineurin variant). In some embodiments, the CNI
resistance gene may be integrated into the genome of the cell via targeted or random
integration. Various methods of targeted and random integration are known in the art and
described herein. In certain embodiments, the CNI resistance gene is integrated into the
genome of the cell into a targeted site within the NR3C1 locus. In some embodiments, the CNI
resistance gene is integrated into the genome of the cell outside of the NR3C1 locus. Where
the CNI resistance gene is integrated into the genome of the cell outside of the NR3C1 locus, it
may be desired to choose an introduction method that does not integrate the CNI resistance
gene into a coding region of the genome (e.g., the CNI resistance gene may be desired to
integrate into a non-coding region of the genome).

In certain embodiments, a glucocorticoid and CNI-resistant cell (e.g., a glucocorticoid
and calcineurin inhibitor-resistant pluripotent stem cell, a glucocorticoid and calcineurin inhibitor-
resistant hematopoietic cell or precursor cell thereof) of the present disclosure is a cell modified
to disrupt NR3C1 expression (e.g., via introduction of indels and/or substitution(s) into the
NR3C1 locus (to include regulatory regions, exon(s), and intron(s)), and further modified to
express a CNI resistance gene (e.g., a calcineurin variant) within the NR3C1 locus. Such cells
are rendered resistant to glucocorticoids (e.g., dexamethasone) and calcineurin inhibitors (e.g.,
CsA and/or FK506). In some embodiments, a glucocorticoid and CNI-resistant cell modified to
disrupt expression of NR3C1 and to express a CNI resistance gene (e.g., a calcineurin variant)
exhibits increased cell survival in the presence of glucorticoids and calcineurin inhibitors, and
derivatives and analogs thereof. In some embodiments, the increase in cell survival in the
presence of a glucocorticoid (e.g., dexamethasone) or a derivative and analog thereof, is at
least 105%, at least 110%, at least 115%, at least 120%, at least 125%, at least 130%, at least

29



10

15

20

25

30

CA 03100247 2020-11-12

WO 2019/222513 PCT/US2019/032686

135%, at least 140%, at least 145%, at least 150%, at least 155%, at least 160%, at least 165%,
at least 170%, at least 175%, at least 180%, at least 185%, at least 190%, at least 195%, at
least 200%, at least 205%, at least 210%, at least 215%, at least 220%, at least 225%, at least
230%, at least 235%, at least 240%, at least 245%, at least 250%, at least 255%, at least 260%,
at least 265%, at least 270%, at least 275%, at least 280%, at least 285%, at least 290%, at
least 295%, at least 300%, at least 350%, at least 400%, or more. In some embodiments, the
increase in cell survival in the presence of a CNI (e.g., FK5086, CsA) or a derivative and analog
thereof, is at least 105%, at least 110%, at least 115%, at least 120%, at least 125%, at least
130%, at least 135%, at least 140%, at least 145%, at least 150%, at least 155%, at least 160%,
at least 165%, at least 170%, at least 175%, at least 180%, at least 185%, at least 190%, at
least 195%, at least 200%, at least 205%, at least 210%, at least 215%, at least 220%, at least
225%, at least 230%, at least 235%, at least 240%, at least 245%, at least 250%, at least 255%,
at least 260%, at least 265%, at least 270%, at least 275%, at least 280%, at least 285%, at
least 290%, at least 295%, at least 300%, at least 350%, at least 400%, or more.

Other immunosuppressor drug-resistant cells

Other immunosuppressor drugs may be used during treatment and management of
GVHD in afflicted subjects. Like glucocorticoids and CNIs, these immunosuppressor drugs may
also reduce Treg persistence and function.

For example, sirolimus (rapamycin), everolimus, and analogs and derivatives thereof
(also known as rapalogs) belong to the rapamycin family and may be used in
immunosuppressive therapy for, e.g., solid organ transplantation and hematopoietic stem cell
transplantation. These rapamycin family immunosuppressants inhibit the mammalian target of
rapamycin (MTOR) by associating with intracellular receptor FKBP12. The FKBP12-rapamycin
complex binds directly to the FKBP12-Rapamycin Binding (FRB) domain of mTOR, inhibiting its
activity. In some embodiments, an immunosuppresor drug-resistant cell of the present
disclosure is resistant to mTOR inhibition (e.g., an mTOR inhibitor-resistant Treg). mTOR
inhibitor-resistant cells of the present disclosure may include, without limitation, cells modified to
prevent the formation of the FKBP12-rapamycin complex (e.g., specific mutations in FKBP12),
and cells modified to prevent the binding of the FKBP12-rapamycin complex to the FRB domain
(e.g., specific mutations in the FRB domain). As the mTOR pathway is a well-studied biological
pathway, various methods of achieving resistance to mTOR inhibition are known to those of skill

in the art.
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Another example of an immunosuppressor drug is mycophenolic acid (also known as
mycophenolate). Mycophenolic acid is a potent, reversible, non-competitive inhibitor of Inosine-
5'-monophosphate dehydrogenase (IMPDH), an enzyme essential to the de novo synthesis of
guanosine-5'-monophosphate (GMP) from inosine-5'-monophosphate (IMP). Another
immunosuppressor drug is methotrexate (formerly known as amethopterin). Methotrexate is an
antimetabolite of the antifolate type, and can inhibit dihydrofolate reductase (DHFR), an enzyme
that participates in the tetrahydrofolate synthesis. Accordingly, in some embodiments, an
immunosuppresor drug-resistant cell of the present disclosure is resistant to mycophenolic acid
and/or methotrexate, and analogs and derivatives thereof (e.g., a mycophenolic acid and/or
methotrexatre-resistant Treg). A mycophenolic acid and/or methotrexatre-resistant cell of the
present disclosure may include, for example, cells modified to express a variant of human
DHFR containing the substitutions L22F and F31S, and/or to express a variant of inosine
monophosphate dehydrogenase Il (IMPDH2) containing the substitutions T333! and S351Y.

Other examples of immunosuppressor drugs include without limitation, fludarabine,
pentostatin (deoxycoformycin), and cyclophosphamide (cytophosphane). Fludarabine is a
purine analog and inhibits DNA synthesis by interfering with ribonucleotide reductase and DNA
polymerase. Pentostatin is a purine analog and mimics the nucleoside adenosine and inhibits
adenosine deaminase, interfering with the cell’s ability to process DNA. Cyclophosphamide is
converted by mixed-function oxidase enzymes (e.g., of the cytochrome P450 system) into active
metabolies, including without limitation, 4-hydroxycyclophosphamide, and phosphoramide
mustard. Phosphoramide mustard forms DNA crosslinks both between and within DNA strands
at guanine N-7 positions (known as interstrand and intrastrand crosslinkages, respectively).
Mechanisms of resistance to these drugs are known in the art and can be used to produce
immunosuppressor drug-resistant cells of the present disclosure, e.g., modified cells (e.g.,
modified hematopoietic cells or precursor cells thereof) that are resistant to fludarabine,

pentostatin, and/or cyclophosphamide.

C. METHODS OF PRODUCING MODIFIED CELLS

Cells of the present invention are genetically edited to disrupt the expression of any of

the endogenous genes described herein. Accordingly, in some embodiments, a modified cell
(e.g., a modified cell comprising a calcineurin inhibitor resistance gene) of the present invention
is genetically edited to disrupt the expression of one or more of the endogenous genes

described herein.
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Various gene editing technologies are known to those skilled in the art. Gene editing
technologies include, without limitation, homing endonucleases, zinc-finger nucleases (ZFNs),
transcription activator-like effector (TALE) nucleases (TALENS), clustered regularly interspaced
short palindromic repeats (CRISPR)-CRISPR-associated protein 9 (Cas9) genome editing
systems, and CRISPR-Cpf1 genome editing systems. Homing endonucleases generally cleave
their DNA substrates as dimers, and do not have distinct binding and cleavage domains. ZFNs
recognize target sites that consist of two zinc-finger binding sites that flank a 5- to 7-base pair
(bp) spacer sequence recognized by the Fokl cleavage domain. TALENSs recognize target sites
that consist of two TALE DNA-binding sites that flank a 12- to 20-bp spacer sequence
recognized by the Fokl cleavage domain. The Cas9 nuclease is targeted to DNA sequences
complementary to the targeting sequence within the single guide RNA (gRNA) located
immediately upstream of a compatible protospacer adjacent motif (PAM) that may exist on
either strand of the DNA helix. Accordingly, one of skill in the art would be able to select the
appropriate gene editing technology for the present invention.

In some aspects, the disruption is carried out by gene editing using an RNA-guided
nuclease such as a CRISPR-Cas system, such as CRISPR-Cas9 system or CRISPR-Cpf1
system specific for the gene (e.g., NR3C1) that is disrupted. In some embodiments, an agent
comprising Cas9 and a guide RNA (gRNA) comprising a targeting domain, which targets a
region of the genetic locus, is introduced into the cell. In some embodiments, the agent is or
comprises a ribonucleoprotein (RNP) complex of a Cas9 polypeptide and a gRNA (Cas9/gRNA
RNP). In some embodiments, the introduction includes contacting the agent or portion thereof
with the cells, in vitro, which can include cultivating or incubating the cell and agent for up to 24,
36 or48 hoursor 3, 4, 5,6, 7, or 8 days. In some embodiments, the introduction further can
include effecting delivery of the agent into the cells. In various embodiments, the methods,
compositions and cells according to the present disclosure utilize direct delivery of
ribonucleoprotein (RNP) complexes of Cas9 and gRNA to cells, for example by electroporation.
In some embodiments, the RNP complexes include a gRNA that has been modified to include a
3' poly- A tail and a 5' Anti-Reverse Cap Analog (ARCA) cap.

The CRISPR/Cas9 system is a facile and efficient system for inducing targeted genetic
alterations. Target recognition by the Cas9 protein requires a ‘seed’ sequence within the guide
RNA (gRNA) and a conserved di-nucleotide containing protospacer adjacent motif (PAM)
sequence upstream of the gRNA-binding region. The CRISPR/Cas9 system can thereby be

engineered to cleave virtually any DNA sequence by redesigning the gRNA cells. The
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CRISPR/Cas9 system can simultaneously target multiple genomic loci by co-expressing a
single Cas9 protein with two or more gRNAs, making this system suited for multiple gene editing
or synergistic activation of target genes.

The Cas9 protein and guide RNA form a complex that identifies and cleaves target
sequences. Cas9 is comprised of six domains: REC I, REC IlI, Bridge Helix, PAM interacting,
HNH, and RuvC. The REC | domain binds the guide RNA, while the Bridge helix binds to target
DNA. The HNH and RuvC domains are nuclease domains. Guide RNA is engineered to have a
5 end that is complementary to the target DNA sequence. Upon binding of the guide RNA to
the Cas9 protein, a conformational change occurs activating the protein. Once activated, Cas9
searches for target DNA by binding to sequences that match its protospacer adjacent motif
(PAM) sequence. A PAM is a two or three nucleotide base sequence within one nucleotide
downstream of the region complementary to the guide RNA. In one non-limiting example, the
PAM sequence is 5-NGG-3". When the Cas9 protein finds its target sequence with the
appropriate PAM, it melts the bases upstream of the PAM and pairs them with the
complementary region on the guide RNA. Then the RuvC and HNH nuclease domains cut the
target DNA after the third nucleotide base upstream of the PAM.

One non-limiting example of a CRISPR/Cas system used to inhibit gene expression,
CRISPR interference (CRISPRI), is described in U.S. Patent Appl. Publ. No. US20140068797.
CRISPRI utilizes a catalytically dead Cas9 which lacks endonuclease activity. When
coexpressed with a guide RNA, a DNA recognition complex is generated that specifically
interferes with transcriptional elongation, RNA polymerase binding, or transcription factor
binding. This CRISPRI system efficiently represses expression of targeted genes.

CRISPR/Cas gene disruption occurs when a guide nucleic acid sequence specific for a
target gene and a Cas endonuclease are introduced into a cell and form a complex that enables
the Cas endonuclease to introduce a double strand break at the target gene. In certain
embodiments, the CRISPR/Cas system comprises an expression vector, such as, but not
limited to, a pAd5F35-CRISPR vector. In other embodiments, the Cas expression vector
induces expression of Cas9 endonuclease. Other endonucleases may also be used, including
but not limited to, Cas12a (Cpf1), T7, Cas3, Cas8a, Cas8b, Cas10d, Cse1, Csy1, Csn2, Cas4,
Cas10, Csm2, Cmr5, Fok1, other nucleases known in the art, and any combinations thereof.

In certain embodiments, the CRISPR/Cas system may comprise a variant of Cas9 with
altered activity. Exemplary variant Cas9 nucleases include, but are not limited to, a Cas9

nickase (nCas9), a catalytically dead Cas9 (dCas9), a hyper accurate Cas9 (HypaCas9) (Chen
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et al. Nature, 550(7676), 407-410 (2017)), a high fidelity Cas9 (Cas9-HF) (Kleinstiver et al.
Nature 529(7587), 490-495 (2016)), an enhanced specificity Cas9 (eCas9) (Slaymaker et al.
Science 351(6268), 84-88 (2016)), and an expanded PAM Cas9 (xCas9) (Hu et al. Nature doi:
10.1038/nature26155 (2018)).

In certain embodiments, inducing the Cas expression vector comprises exposing the cell
to an agent that activates an inducible promoter in the Cas expression vector. In such
embodiments, the Cas expression vector includes an inducible promoter, such as one that is
inducible by exposure to an antibiotic (e.g., by tetracycline or a derivative of tetracycline, for
example doxycycline). Other inducible promoters known by those of skill in the art can also be
used. The inducing agent can be a selective condition (e.g., exposure to an agent, for example
an antibiotic) that results in induction of the inducible promoter. This results in expression of the
Cas expression vector.

As used herein, the term “guide RNA” or “gRNA” refer to any nucleic acid that promotes
the specific association (or “targeting”) of an RNA-guided nuclease such as a Cas9 to a target
sequence (e.g., a genomic or episomal sequence) in a cell. It will be understood by those of
skill in the art that gRNA sequences may be recited with a uracil or “U” nucleotide in place of a
thymine or “T” nucleotide.

As used herein, a “modular” or “dual RNA” guide comprises more than one, and typically
two, separate RNA molecules, such as a CRISPR RNA (crRNA) and a trans-activating crRNA
(tracrRNA), which are usually associated with one another, for example by duplexing. gRNAs
and their component parts are described throughout the literature (see, e.g., Briner et al. Mol.
Cell, 56(2), 333-339 (2014), which is incorporated by reference).

» u

As used herein, a “unimolecular gRNA,” “chimeric gRNA,” or “single guide RNA
(sgRNA)” comprises a single RNA molecule. The sgRNA may be a crRNA and tracrRNA linked
together. For example, the 3’ end of the crRNA may be linked to the 5’ end of the tracrRNA. A
crRNA and a tracrRNA may be joined into a single unimolecular or chimeric gRNA, for example,
by means of a four nucleotide (e.g., GAAA) “tetraloop” or “linker” sequence bridging
complementary regions of the crRNA (at its 3' end) and the tracrRNA (at its 5' end).

As used herein, a “repeat” sequence or region is a nucleotide sequence at or near the 3’
end of the crRNA which is complementary to an anti-repeat sequence of a tracrRNA.

As used herein, an “anti-repeat” sequence or region is a nucleotide sequence at or near

the 5’ end of the tracrRNA which is complementary to the repeat sequence of a crRNA.
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Additional details regarding guide RNA structure and function, including the gRNA /
Cas9 complex for genome editing may be found in, at least, Mali et al. Science, 339(6121), 823-
826 (2013); Jiang et al. Nat. Biotechnol. 31(3). 233-239 (2013); and Jinek et al. Science,
337(6096), 816-821 (2012); which are incorporated by reference herein.

As used herein, a “guide sequence” or “targeting sequence” refers to the nucleotide
sequence of a gRNA, whether unimolecular or modular, that is fully or partially complementary
to a target domain or target polynucleotide within a DNA sequence in the genome of a cell
where editing is desired. Guide sequences are typically 10-30 nucleotides in length, preferably
16-24 nucleotides in length (for example, 16, 17, 18, 19, 20, 21, 22, 23 or 24 nucleotides in
length), and are at or near the 5' terminus of a Cas9 gRNA.

As used herein, a “target domain” or “target polynucleotide sequence” or “target
sequence” is the DNA sequence in a genome of a cell that is complementary to the guide
sequence of the gRNA.

In the context of formation of a CRISPR complex, “target sequence” refers to a
sequence to which a guide sequence is designed to have some complementarity, where
hybridization between a target sequence and a guide sequence promotes the formation of a
CRISPR complex. Full complementarity is not necessarily required, provided there is sufficient
complementarity to cause hybridization and promote formation of a CRISPR complex. A target
sequence may comprise any polynucleotide, such as DNA or RNA polynucleotides. In certain
embodiments, a target sequence is located in the nucleus or cytoplasm of a cell. In other
embodiments, the target sequence may be within an organelle of a eukaryotic cell, for example,
mitochondrion or nucleus. Typically, in the context of a CRISPR system, formation of a
CRISPR complex (comprising a guide sequence hybridized to a target sequence and
complexed with one or more Cas proteins) results in cleavage of one or both strands in or near
(e.g., withinabout 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 20, 50 or more base pairs) the target sequence.
As with the target sequence, it is believed that complete complementarity is not needed,
provided this is sufficient to be functional.

In certain embodiments, one or more vectors driving expression of one or more
elements of a CRISPR system are introduced into a host cell (e.g., pluripotent stem cell), such
that expression of the elements of the CRISPR system direct formation of a CRISPR complex at
one or more target sites. For example, a Cas nuclease, a crRNA, and a tracrRNA could each
be operably linked to separate regulatory elements on separate vectors. As used herein, the

term “operably linked” refers to the association of nucleic acid sequences on a single nucleic
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acid fragment so that the function of one is affected by the other. For example, a promoter is
operably linked with a coding sequence when it is capable of affecting the expression of that
coding sequence (i.e., the coding sequence is under the transcriptional control of the promoter).

Alternatively, two or more of the elements expressed from the same or different
regulatory elements may be combined in a single vector, with one or more additional vectors
providing any components of the CRISPR system not included in the first vector. CRISPR
system elements that are combined in a single vector may be arranged in any suitable
orientation, such as one element located 5’ with respect to (“upstream” of) or 3’ with respect to
(“downstream” of) a second element. The coding sequence of one element may be located on
the same or opposite strand of the coding sequence of a second element, and oriented in the
same or opposite direction. In certain embodiments, a single promoter drives expression of a
transcript encoding a CRISPR enzyme and one or more of the guide sequence, tracr mate
sequence (optionally operably linked to the guide sequence), and a tracr sequence embedded
within one or more intron sequences (e.g., each in a different intron, two or more in at least one
intron, or all in a single intron).

In certain embodiments, the CRISPR enzyme is part of a fusion protein comprising one
or more heterologous protein domains (e.g. about or more than about 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
or more domains in addition to the CRISPR enzyme). A CRISPR enzyme fusion protein may
comprise any additional protein sequence, and optionally a linker sequence between any two
domains. Examples of protein domains that may be fused to a CRISPR enzyme include,
without limitation, epitope tags, reporter gene sequences, and protein domains having one or
more of the following activities: methylase activity, demethylase activity, transcription activation
activity, transcription repression activity, transcription release factor activity, histone modification
activity, RNA cleavage activity and nucleic acid binding activity. Additional domains that may
form part of a fusion protein comprising a CRISPR enzyme are described in U.S. Patent Appl.
Publ. No. US20110059502, incorporated herein by reference. In certain embodiments, a
tagged CRISPR enzyme is used to identify the location of a target sequence.

Conventional viral and non-viral based gene transfer methods can be used to introduce
nucleic acids in mammalian and non-mammalian cells (e.g., human pluripotent stem cells) or
target tissues. Such methods can be used to administer nucleic acids encoding components of
a CRISPR system to cells in culture, or in a host organism. Non-viral vector delivery systems
include DNA plasmids, RNA (e.g., a transcript of a vector described herein), naked nucleic acid,

and nucleic acid complexed with a delivery vehicle, such as a liposome. Viral vector delivery
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systems include DNA and RNA viruses, which have either episomal or integrated genomes after
delivery to the cell (Anderson, 1992, Science 256:808-813; and Yu, et al., 1994, Gene Therapy
1:13-26).

In some embodiments, the CRISPR/Cas is derived from a type Il CRISPR/Cas system.
In other embodiments, the CRISPR/Cas sytem is derived from a Cas9 nuclease. Exemplary
Cas9 nucleases that may be used in the present invention include, but are not limited to, S.
pyogenes Cas9 (SpCas9), S. aureus Cas9 (SaCas9), S. thermophilus Cas9 (StCas9), N.
meningitidis Cas9 (NmCas9), C. jejuni Cas9 (CjCas9), and Geobacillus Cas9 (GeoCas9).

In general, Cas proteins comprise at least one RNA recognition and/or RNA binding
domain. RNA recognition and/or RNA binding domains interact with the guiding RNA. Cas
proteins can also comprise nuclease domains (i.e., DNase or RNase domains), DNA binding
domains, helicase domains, RNAse domains, protein-protein interaction domains, dimerization
domains, as well as other domains. The Cas proteins can be modified to increase nucleic acid
binding affinity and/or specificity, alter an enzymatic activity, and/or change another property of
the protein. In certain embodiments, the Cas-like protein of the fusion protein can be derived
from a wild type Cas9 protein or fragment thereof. In other embodiments, the Cas can be
derived from modified Cas9 protein. For example, the amino acid sequence of the Cas9 protein
can be modified to alter one or more properties (e.g., nuclease activity, affinity, stability, and so
forth) of the protein. Alternatively, domains of the Cas9 protein not involved in RNA-guided
cleavage can be eliminated from the protein such that the modified Cas9 protein is smaller than
the wild type Cas9 protein. In general, a Cas9 protein comprises at least two nuclease (i.e.,
DNase) domains. For example, a Cas9 protein can comprise a RuvC-like nuclease domain and
a HNH-like nuclease domain. The RuvC and HNH domains work together to cut single strands
to make a double-stranded break in DNA. (Jinek, et al., 2012, Science, 337:816-821). In certain
embodiments, the Cas9-derived protein can be modified to contain only one functional nuclease
domain (either a RuvC-like or a HNH-like nuclease domain). For example, the Cas9-derived
protein can be modified such that one of the nuclease domains is deleted or mutated such that it
is no longer functional (i.e., the nuclease activity is absent). In some embodiments in which one
of the nuclease domains is inactive, the Cas9-derived protein is able to introduce a nick into a
double-stranded nucleic acid (such protein is termed a “nickase”), but not cleave the double-
stranded DNA. |n any of the above-described embodiments, any or all of the nuclease domains

can be inactivated by one or more deletion mutations, insertion mutations, and/or substitution
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mutations using well-known methods, such as site-directed mutagenesis, PCR-mediated
mutagenesis, and total gene synthesis, as well as other methods known in the art.

As used herein, a “base editor” is a protein or fusion protein that comprises a CRISPR
deactivated or nicking DNA binding domain that is capable of binding a guide RNA, which in
turn binds a target nucleic acid sequence via strand hybridization, and further comprises a base-
editing domain capable of editing a base of the target nucleic acid sequence. In certain
embodiments, the CRISPR system comprises a base editor and a guide RNA.

The term “base editor” encompasses “next generation” base editors such as third-
generation base editors (BE3 systems), fourth-generation base editors (BE4 systems), and
adenine base editors. Third-generation base editors (BE3 systems), in which base excision
repair inhibitor UGI is fused to the Cas9 nickase, nick the unmodified DNA strand so that the cell
is encouraged to use the edited strand as a template for mismatch repair. As a result, the cell
repairs the DNA using a U-containing strand (introduced by cytidine deamination) as a template,
copying the base edit. Fourth generation base editors (BE4 systems) employ two copies of base
excision repair inhibitor UGI. Adenine base editors (ABEs) have been developed that efficiently
convert targeted A«T base pairs to G+C (0-100% efficiency in human cells) in genomic DNA with
high product purity (typically at least 99.9%) and low rates of indels (typically no more than
0.1%). See, for example, Gaudelli et al., Nature 551:464—-471 (2017). It will be understood that
other base editors, including those that introduce null mutations at ATG “start” codons to disrupt
expression of the targeted gene, are suitable for use according to the methods described
herein.

The base editor may comprise any suitable CRISPR deactivated or nicking DNA binding
domain that can bind a guide RNA. In some embodiments, the CRISPR deactivated or nicking
DNA binding domain is a Cas9 nuclease that has one of two DNA cleavage domains
inactivated, i.e., the Cas9 is a nickase. A nuclease-inactivated Cas9 protein may be referred to
as a “dCas9” protein (for nuclease-“dead” Cas9). Methods for generating a Cas9 protein (or a
fragment thereof) having an inactive DNA cleavage domain are known (See, e.g., Jinek et al.,
Science. 337:816-821(2012); Qi et al., “Repurposing CRISPR as an RNA-Guided Platform for
Sequence-Specific Control of Gene Expression” (2013) Cell. 28; 152(5):1173-83, the entire
contents of each of which are incorporated herein by reference). For example, the DNA
cleavage domain of Cas9 is known to include two subdomains, the HNH nuclease subdomain
and the RuvC1 subdomain. The HNH subdomain cleaves the strand complementary to the

gRNA, whereas the RuvC1 subdomain cleaves the non-complementary strand. Mutations

38



10

15

20

25

30

CA 03100247 2020-11-12

WO 2019/222513 PCT/US2019/032686

within these subdomains can silence the nuclease activity of Cas9. For example, the mutations
D10A and H840A completely inactivate the nuclease activity of S. pyogenes Cas9 (Jinek et al.,
Science. 337:816-821(2012); Qi et al., Cell. 28; 152(5):1173-83 (2013)). Suitable CRISPR
deactivated or nicking DNA binding domains include, without limitation, nuclease-inactive
variant Cas9 domains that include D10A, D10A/D839A/H840A, and
D10A/D839A/HB840A/N863A mutant domains as described in WO2015089406A1 which is
incorporated herein by reference.

Once introduced to a target cell or genome, the CRISPR deactivated or nicking DNA
binding domain (e.g., nuclease-inactivated Cas9) searches for target DNA by binding to
sequences that match its protospacer adjacent motif (PAM) sequence. In some embodiments,
the CRISPR deactivated or nicking DNA binding domain may recognize a non-canonical PAM
sequence (e.g., a non-NGG PAM sequence). Such PAM sequences are known in the art,
including, for example, without limitation: 5-NGA-3’; 5-NGCG-3’; 5-NGAG-3’; 5-NNGRRT-3’;
and 5-NNNRRT-3’. The skilled person armed with knowledge in the art would be able to
determine the appropriate PAM sequence that is recognized by a given CRISPR nuclease.

The term “base-editing domain” refers to an agent comprising a polypeptide that is
capable of making a modification to a base (e.g., A, T, C, G, or U) within a nucleic acid
sequence (e.g., DNA or RNA) (e.g., a base substitution). In some embodiments, the base-
editing domain is a DNA-editing domain. In some embodiments, the base-editing domain is
capable of deaminating a base within a nucleic acid. In some embodiments, the base editor is
capable of deaminating a base within a DNA molecule. In some embodiments, the base-editing
domain is a deaminase domain.

In some embodiments, the deaminase is an adenosine deaminase. In some
embodiments, the adenosine deaminases are capable of deaminating adenine. In some
embodiments, the adenosine deaminases are capable of deaminating adenine in a
deoxyadenosine residue of DNA. The adenosine deaminase may be derived from any suitable
organism (e.g., E. coli). In some embodiments, the adenine deaminase is a naturally-occurring
adenosine deaminase that includes one or more mutations corresponding to any of the
mutations provided herein (e.g., mutations in ecTadA). In some embodiments, the adenosine
deaminase is from a prokaryote. In some embodiments, the adenosine deaminase is from a
bacterium. In some embodiments, the adenosine deaminase is from Escherichia coli,
Staphylococcus aureus, Salmonella typhi, Shewanella putrefaciens, Haemophilus influenzae,

Caulobacter crescentus, or Bacillus subtilis. In some embodiments, the adenosine deaminase
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is from E. coli. In some embodiments the deaminase is rationally engineered and/or evolved to
acquire or enhance activity.

In certain exemplary embodiments, the deaminase is a cytidine deaminase. In some
embodiments, the deaminase is an apolipoprotein B mRNA-editing complex (APOBEC) family
deaminase. In some embodiments, the deaminase is an APOBEC1 family deaminase. In some
embodiments, the deaminase is an activation-induced cytidine deaminase (AID). In some
embodiments, the deaminase is an ACF1/ASE deaminase. In some embodiments, the
deaminase is an adenosine deaminase. In some embodiments, the deaminase is an ADAT
family deaminase. In some embodiments, the base-editing domain is fused to the N-terminus of
the Cas9 domain. In some embodiments, the base-editing domain is fused to the C-terminus of
the Cas9 domain. In some embodiments, the Cas9 domain and the base-editing domain are
fused via a linker.

Various CRISPR deactivated or nicking DNA binding domains and base-editing domains
of base editor proteins are described in U.S. Patent Publication Nos. US20150166985A1,
US20150166980A1, US20150166984A1, US20170121693A1, and US20180073012A1; and
U.S. Patent Nos. 9,068,179 and 9,840,699, all of which are incorporated herein by reference.

In one non-limiting embodiment, a vector drives the expression of the CRISPR system.
The art is replete with suitable vectors that are useful in the present invention. The vectors to
be used are suitable for replication and, optionally, integration in eukaryotic cells. Typical
vectors contain transcription and translation terminators, initiation sequences, and promoters
useful for regulation of the expression of the desired nucleic acid sequence. The vectors of the
present invention may also be used for nucleic acid standard gene delivery protocols. Methods
for gene delivery are known in the art (U.S. Patent Nos. 5,399,346, 5,580,859 & 5,589,466,
incorporated by reference herein in their entireties).

Further, the vector may be provided to a cell in the form of a viral vector. Viral vector
technology is well known in the art and is described, for example, in Sambrook et al. (4th
Edition, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York,
2012), and in other virology and molecular biology manuals. Viruses, which are useful as
vectors include, but are not limited to, retroviruses, adenoviruses, adeno-associated viruses,
herpes viruses, Sindbis virus, gammaretrovirus and lentiviruses. In general, a suitable vector
contains an origin of replication functional in at least one organism, a promoter sequence,
convenient restriction endonuclease sites, and one or more selectable markers (e.g., WO
01/96584; WO 01/29058; and U.S. Patent No. 6,326,193).
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In some embodiments, guide RNA(s) and Cas9 or a base editor can be delivered to a
cell as a ribonucleoprotein (RNP) complex (e.g., a Cas9/RNA-protein complex). RNPs are
comprised of purified Cas9 protein or purified base editor complexed with gRNA and are well
known in the art to be efficiently delivered to multiple types of cells, including but not limited to
stem cells and immune cells (Addgene, Cambridge, MA, Mirus Bio LLC, Madison, WI). In some
embodiments, the Cas9 or base editor/RNA-protein complex is delivered into a cell by
electroporation.

In some embodiments, a gene edited cell of the present disclosure is edited using
CRISPR/Cas9 to disrupt one or more endogenous genes in a cell (e.g., a Treg). In some
embodiments, CRISPR/Cas9 is used to disrupt endogenous NR3C1, thereby resulting in the
downregulation of NR3C1 expression. In some embodiments, a gene edited cell of the present
disclosure is base edited (e.g., a substitution is introduced into the cell) using a base editor to
disrupt one or more endobgenous genes in a cell (e.g., a Treg). In some embodiments, the
base editor is used to disrupt endogenous NR3C1, thereby resulting in the downregulation of
NR3C1 expression.

As described herein, downregulation of NR3C1 results in resistance to steroids, e.g.,
glucocorticoids. Accordingly, in some embodiments, the present disclosure provides a steroid-
resistant cell (e.g., a glucocorticoid-resistant Treg), wherein CRISPR/Cas9 is used to disrupt
endogenous NR3C1, thereby resulting in the downregulation of NR3C1 expression.
Accordingly, a steroid-resistant CRISPR-modified cell of the present disclosure comprises a
CRISPR-mediated insertion(s) and/or deletion(s) (indel(s)) in a gene locus encoding for NR3C1,
wherein the indel is capable of downregulating gene expression of NR3C1. Accordingly, a
steroid-resistant CRISPR-modified cell of the present disclosure comprises a base edit (e.g.,
targeted base substitution) in a gene locus encoding for NR3C1, wherein the base edit is
capable of ablation/downregulating gene expression of NR3C1.

According to NCBI Reference Sequence: NM_001018074.1, the NR3C1 locus contains
9 exons. In some embodiments, the CRISPR-mediated indel in a gene locus encoding for
NR3C1 is located in exon 1, exon 2, exon 3, exon 4, exon 5, exon 6, exon 7, exon 8, or exon 9
of NR3C1. As such, in some embodiments, the gRNA comprises a guide sequence that is
sufficiently complementary with a target sequence within exon 1, exon 2, exon 3, exon 4, exon
5, exon 6, exon 7, exon 8, or exon 9 of NR3C1. In certain embodiments, the indel in a gene
locus encoding for NR3C1 is located in exon 2 of NR3C1. In certain embodiments, the guide

RNA comprises a guide sequence that is sufficiently complementary with a target sequence in
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exon 2 of NR3C1. Suitable gRNAs for use in disrupting endogenous NR3C1 is set forth in
Table 1. In certain embodiments, the guide sequence is sufficiently complementary to the target
sequence in the NR3C1 gene and comprises a nucleic acid sequence set forth in any one of
SEQ ID NOs:7-10.

Table 1:
| gRNA name gRNA sequence SEQ ID NO:

AACCAAAAGTCTTCGCTGCT (anti- 7

GR1 sense)
TTGAGAAGCGACAGCCAGTG (anti- 8

GR2 sense)
ACCAGGAGTTAATGATTCTT (anti- 9

GR3 sense)
TCCTGAGCAAGCACACTGCT (anti- 10

GR4 sense)

In some embodiments, the S. pyogenes CRISPR/Cas9 base editor-mediated
substitution in a gene locus encoding for NR3C1 introduces a premature stop codon. As such,
in some embodiments, the gRNA comprises a guide sequence that is sufficiently
complementary with a target sequence within which one or more base pair substitutions will
convert the normal wild-type codon into a stop codon. In certain embodiments, the substitution
in a gene locus encoding for NR3C1 is located in an exon of NR3C1. In certain embodiments,
the guide RNA comprises a guide sequence that is sufficiently complementary with a target
sequence in an exon of NR3C1. Suitable gRNAs for use in mediating a substitution that leads
to the introduction of a premature stop codon in endogenous NR3C1 is set forth in Table 2. In
certain embodiments, the guide sequence is sufficiently complementary to the target sequence
in the NR3C1 gene and comprises a nucleic acid sequence set forth in any one of SEQ ID
NOs:17-54.

Table 2:
gRNA name gRNA sequence* SEQ ID NO:
BE1 UGCUCAGGAGAGGGGAGAUG 17
BE2 CUUGCUCAGGAGAGGGGAGA 18
BE3 UUCUcAAUCAGACUCCAAGC 19
BE4 GGGCcAAAUCAGCCUUUCCU 20
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BES UCAGAACAGCAACAUUUGAA 21
BE6 AAGGGCCcAGACUGGCACCAA 22
BE7 CCCcAAGUGAAAACAGAAAA 23
BES8 UACUGUCAGGCAAGCUUUCC 24
BE9 ACUGUCAGGCAAGCUUUCCU 25
BE10 GGAGGACAGAUGUACCACUA 26
BE11 CCUUUCUCAACAGCAGGAUC 27
BE12 AUUcCCAAUUUUCGGAACCAA 28
BE13 UUCCcAAUUUUCGGAACCAAC 29
BE14 AGGUGCcAAGGAUCUGGAGA 30
BE15 GGUcGAACAGUUUUUUCUAA 31
BE16 UAUCGAAAAUGUCUUCAGGC 32
BE17 UCUUCAGGCUGGAAUGAACC 33
BE18 CUUCAGGCUGGAAUGAACCU 34
BE19 ACAGCUCGAAAAACAAAGAA 35
BE20 GGAAUUCAGCAGGCCACUAC 36
BE21 GAAUUCAGCAGGCCACUACA 37
BE22 ACCACcAACUCACCCCUACCC 38
BE23 UUACCACAACUCACCCCUAC 39
BE24 UGAUCCUcCAAGUUGAGUCU 40
BE25 CUCCAAGUUGAGUCUGGAAC all
BE26 GGAUGACCAAAUGACCCUAC 42
BE27 ACAUCCAGGAGUACUGCAGU 43
BE28 AACAUCCAGGAGUACUGCAG 44
BE29 AGGCUUCAGGUAUCUUAUGA 45
BE30 CAGGCUUCAGGUAUCUUAUG 46
BE31 AAGAGCcAAGAGCUAUUUGA 47
BE32 UUAUCAACUGACAAAACUCU 48
BE33 UAUCAACUGACAAAACUCUU 49
BE34 UUUAUCAACUGACAAAACUC 50
BE35 CUUCCAAACAUUUUUGGAUA 51
BE36 CCAAUCAGAUACCAAAAUAU 52
BE37 AACCACAUAACAUUCUAUAA 53
BE38 GUUUCAUCAAAAGUGACUGC 54

*lower case residue denotes site of deamination (substitution).

In some embodiments, the CRISPR-mediated substitution in a gene locus encoding for
NR3C1 is located in a splice acceptor or a splice donor of NR3C1. As such, in some
embodiments, the gRNA comprises a guide sequence that is sufficiently complementary with a
target sequence comprising a splice acceptor or a splice donor of NR3C1. In certain
embodiments, the substitution in a gene locus encoding for NR3C1 is located at or near a splice
acceptor or a splice donor of NR3C1, wherein the substitution is capable of disrupting the
normal splicing of NR3C1, thereby downregulating / ablating the expression of NR3C1. In
certain embodiments, the guide RNA comprises a guide sequence that is sufficiently
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complementary with a target sequence comprising a splice acceptor of NR3C1. In certain
embodiments, the guide RNA comprises a guide sequence that is sufficiently complementary
with a target sequence comprising a splice donor of NR3C1. Suitable gRNAs for use in
mediating a substitution at or near a splice acceptor or a splice donor of NR3C1 is set forth in
Table 3. In certain embodiments, the guide sequence is sufficiently complementary to the target
sequence in the NR3C1 gene and comprises a nucleic acid sequence set forth in any one of
SEQ ID NOs:55-56.

Table 3:
gRNA name gRNA sequence* SEQ ID NO:
GCUGUCcUaUaUggaaUaaa (anti- 55
BE-SA1 sense)
UacUCAUUAAUAAUCAGAUC (anti- 56
BE-SD1 sense)

*lower case residue denotes site of deamination (substitution).

Accordingly, a method for generating a steroid-resistant modified cell (e.g., modified
pluripotent stem cell, modified Treg) of the present disclosure comprises introducing into a cell a
CRISPR system that produces an indel in exon 2 of NR3C1, wherein the indel is capable of
downregulating gene expression of NR3C1. In some embodiments, a method for generating a
steroid-resistant modified cell (e.g., modified pluripotent stem cell, modified Treg) of the present
disclosure comprises introducing into a cell a CRISPR system that produces an indel in exon 2
of NR3C1, wherein the indel is capable of downregulating gene expression of NR3C1, wherein
the CRISPR system comprises a guide RNA comprising the nucleic acid sequence set forth in
SEQ ID NO:7. In some embodiments, a method for generating a steroid-resistant modified cell
(e.g., modified pluripotent stem cell, modified Treg) of the present disclosure comprises
introducing into a cell a CRISPR system that produces an indel in exon 2 of NR3C1, wherein
the indel is capable of downregulating gene expression of NR3C1, wherein the CRISPR system
comprises a guide RNA comprising the nucleic acid sequence set forth in SEQ ID NO:8. In
some embodiments, a method for generating a steroid-resistant modified cell (e.g., modified
pluripotent stem cell, modified Treg) of the present disclosure comprises introducing into a cell a
CRISPR system that produces an indel in exon 2 of NR3C1, wherein the indel is capable of
downregulating gene expression of NR3C1, wherein the CRISPR system comprises a guide

RNA comprising the nucleic acid sequence set forth in SEQ ID NO:9. In some embodiments, a
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method for generating a steroid-resistant modified cell (e.g., modified pluripotent stem cell,
modified Treg) of the present disclosure comprises introducing into a cell a CRISPR system that
produces an indel in exon 2 of NR3C1, wherein the indel is capable of downregulating gene
expression of NR3C1, wherein the CRISPR system comprises a guide RNA comprising the
nucleic acid sequence set forth in SEQ ID NO:10.

Accordingly, a method for generating a steroid-resistant modified cell (e.g., modified
pluripotent stem cell, modified Treg) of the present disclosure comprises introducing into a cell a
CRISPR system that produces a substitution in an exon of NR3C1, wherein the substitution is
capable of downregulating gene expression of NR3C1. In some embodiments, a method for
generating a steroid-resistant modified cell (e.g., modified pluripotent stem cell, modified Treg)
of the present disclosure comprises introducing into a cell a CRISPR system that produces a
substitution an exon of NR3C1, wherein the substitution is capable of downregulating gene
expression of NR3C1, wherein the CRISPR system comprises a guide RNA comprising the
nucleic acid sequence set forth in any one of SEQ ID NOs:17-54. In some embodiments, a
method for generating a steroid-resistant modified cell (e.g., Treg) of the present disclosure
comprises introducing into the cell a CRISPR system that produces a substitution in an exon of
NR3C1, wherein the substitution is capable of downregulating gene expression of NR3C1,
wherein the CRISPR system comprises a guide RNA comprising the nucleic acid sequence set
forth in SEQ ID NOs:20 or 21. In some embodiments, a method for generating a steroid-
resistant modified cell (e.g., Treg) of the present disclosure comprises introducing into the cell a
CRISPR system that produces a substitution in an exon of NR3C1, wherein the substitution is
capable of downregulating gene expression of NR3C1, wherein the CRISPR system comprises
a guide RNA comprising the nucleic acid sequence set forth in SEQ ID NO:20. In some
embodiments, a method for generating a steroid-resistant modified cell (e.g., Treg) of the
present disclosure comprises introducing into the cell a CRISPR system that produces a
substitution in an exon of NR3C1, wherein the substitution is capable of downregulating gene
expression of NR3C1, wherein the CRISPR system comprises a guide RNA comprising the
nucleic acid sequence set forth in SEQ ID NOs:21.

Accordingly, a method for generating a steroid-resistant modified cell (e.g., modified
pluripotent stem cell, modified Treg) of the present disclosure comprises introducing into the cell
a CRISPR system that produces a substitution in a splice acceptor, or a splice donor of NR3C1,
wherein the substitution is capable of disrupting normal splicing of NR3C1, thereby

downregulating gene expression of NR3C1. In some embodiments, a method for generating a
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steroid-resistant modified cell (e.g., modified pluripotent stem cell, modified Treg) of the present
disclosure comprises introducing into the cell a CRISPR system that produces a substitution in
a splice acceptor, or a splice donor of NR3C1, wherein the substitution is capable of disrupting
normal splicing of NR3C1, thereby downregulating gene expression of NR3C1, wherein the
CRISPR system comprises a guide RNA comprising the nucleic acid sequence set forth in SEQ
ID NO 55 or 56. In some embodiments, a method for generating a steroid-resistant modified
cell (e.g., Treg) of the present disclosure comprises introducing into the cell a CRISPR system
that produces a substitution in a splice acceptor, or a splice donor of NR3C1, wherein the
substitution is capable of disrupting normal splicing of NR3C1, thereby downregulating gene
expression of NR3C1, wherein the CRISPR system comprises a guide RNA comprising the
nucleic acid sequence set forth in SEQ ID NO: 55. In some embodiments, a method for
generating a steroid-resistant modified cell (e.g., Treg) of the present disclosure comprises
introducing into the cell a CRISPR system that produces a substitution in a splice acceptor, or a
splice donor of NR3C1, wherein the substitution is capable of disrupting normal splicing of
NR3C1, thereby downregulating gene expression of NR3C1, wherein the CRISPR system
comprises a guide RNA comprising the nucleic acid sequence set forth in SEQ ID NO: 56.

In some embodiments, a method for generating a steroid- and calcineurin inhibitor-
resistant modified cell (e.g., Treg) of the present disclosure comprises introducing into the cell a
CRISPR system that produces an indel in NR3C1, wherein the indel is capable of
downregulating gene expression of NR3C1, and further comprises an insertion of an exogenous
calcineurin inhibitor resistance gene into the genome of the cell. In some embodiments, the
insertion of the CNI resistance gene occurs at the site of the indel in NR3C1. In some
embodiments, the indel in NR3C1 is in exon 2 of NR3C1. In some embodiments, the CNI
resistance gene encodes for a calcineurin variant, wherein the calcineurin variant is a mutant
form of a calcineurin A (CNa) gene selected from the group consisting of PPP3Ca, PPP3Cb,
and PPP3Cc (three isoforms of the catalytic subunit), or a mutant form of a calcineurin B (CNb)
gene selected from the group consisting of PPP3R1 and PPP3R2 (two isoforms of the
regulatory subunit). In some embodiments, the calcineurin variant is selected from the group
consisting of CNa12 (SEQ ID NO:3), CNa22 (SEQ ID NO:4), and CNb30 (SEQ ID NOs:5).

In some embodiments, a method for generating a steroid- and calcineurin inhibitor-
resistant modified cell (e.g., Treg) of the present disclosure comprises introducing into the cell a
CRISPR system that produces a substitution in NR3C1, wherein the substitution is capable of

downregulating gene expression of NR3C1, and further comprises an insertion of an exogenous

46



10

15

20

25

30

CA 03100247 2020-11-12

WO 2019/222513 PCT/US2019/032686

calcineurin inhibitor resistance gene into the genome of the cell. In some embodiments, the
substitution in NR3C1 is in an exon of NR3C1. In some embodiments, the substitution in
NR3C1 is in exon 2 of NR3C1. In some embodiments, the substitution in NR3C1 is in a splice
acceptor of NR3C1. In some embodiments, the substitution in NR3C1 is in a splice donor of
NR3C1. In some embodiments, the insertion of the CNI resistance gene occurs at, near, or
downstream of the site of the substitution in NR3C1 (e.g., within the NR3C1 locus). In some
embodiments, the insertion of the CNI resistance gene occurs outside the NR3C1 locus). In
some embodiments, the CNI resistance gene encodes for a calcineurin variant, wherein the
calcineurin variant is a mutant form of a calcineurin A (CNa) gene selected from the group
consisting of PPP3Ca, PPP3Cb, and PPP3Cc, or a mutant form of a calcineuron B (CNb) gene
selected from the group consisting of PPP3R1 and PPP3R2. In some embodiments, the
calcineurin variant is selected from the group consisting of CNa12 (SEQ ID NO:3), CNa22 (SEQ
ID NO:4), and CNb30 (SEQ ID NOs:5).

Accordingly, a method for generating a steroid- and calcineurin inhibitor-resistant
modified cell (e.g., Treg) comprises introducing into the cell a CRISPR system that produces an
indel in exon 2 of NR3C1, wherein the indel is capable of downregulating gene expression of
NR3C1, and further comprises an insertion of an exogenous CNI resistance gene into the site of
the indel in NR3C1, wherein the exogenous CNI resistance gene encodes for a calcineurin
variant comprising the amino acid sequence set forth in SEQ ID NO:3. Accordingly, a method
for generating a steroid- and calcineurin inhibitor-resistant modified cell (e.g., Treg) comprises
introducing into the cell a CRISPR system that produces an indel in exon 2 of NR3C1, wherein
the indel is capable of downregulating gene expression of NR3C1, and further comprises an
insertion of an exogenous CNI resistance gene into the site of the indel in NR3C1, wherein the
exogenous CNI resistance gene encodes for a calcineurin variant comprising the amino acid
sequence set forth in SEQ ID NO:4. Accordingly, a method for generating a steroid- and
calcineurin inhibitor-resistant modified cell (e.g., Treg) comprises introducing into the cell a
CRISPR system that produces an indel in exon 2 of NR3C1, wherein the indel is capable of
downregulating gene expression of NR3C1, and further comprises an insertion of an exogenous
CNI resistance gene into the site of the indel in NR3C1, wherein the exogenous CNI resistance
gene encodes for a calcineurin variant comprising the amino acid sequence set forth in SEQ ID
NO:5.

In some cases, the modified cell is a modified pluripotent stem cell, either embryonic or

induced. In such cases, the methods provided herein further comprise differentiating modified
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pluripotent stem cells under conditions that promote differentiation of the modified pluripotent
stem cells into hematopoietic precursor cells or hematopoietic cells. In some cases, the method
comprises culturing modified pluripotent stem cells in the presence of differentiation factors
necessary and sufficient to obtain modified hematopoietic precursors and differentiated
hematopoietic cell types. Modified pluripotent stem cells can be then differentiated according to
any appropriate differentiation methods, such as those described in, for example, U.S. Patent
Nos. 9574179, 8093049, thus producing modified pluripotent stem cell-derived hematopoietic
cells or precursors thereof.

Accordingly, in some cases, a method for generating a steroid- and/or calcineurin
inhibitor-resistant modified cell (e.g., Treg) comprises introducing into a pluripotent stem cell a
CRISPR system that produces a substitution in a gene locus encoding for NR3C1 as described
herein, wherein the substitution is capable of downregulating gene expression of NR3C1, and,
in some cases, further comprises introducing an insertion of an exogenous calcineurin inhibitor
resistance gene into the genome of the pluripotent cell.

In some aspects, the provided compositions and methods include those in which at least
or greater than about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90% or 95% of cells in a composition of cells contain the desired genetic modification. For
example, about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%
or 95% of cells in a composition of cells into which an agent (e.g., gRNA/Cas nuclease) for
knockout or genetic disruption (e.g., indel and/or substitution) of endogenous gene (e.g.,
NR3C1) was introduced contain the genetic disruption; do not express the targeted endogenous
polypeptide, do not contain a contiguous and/or functional copy of the targeted gene. In some
embodiments, the methods, compositions and cells according to the present disclosure include
those in which at least or greater than about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90% or 95% of cells in a composition of cells into which an agent (e.g.,
gRNA/Cas nuclease) for knockout or genetic disruption (e.g., indel and/or substitution) of a
targeted gene was introduced do not express the targeted polypeptide. In some embodiments,
at least or greater than about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90% or 95% of cells in a composition of cells into which an agent (e.g. gRNA/Cas9)
for knockout or genetic disruption (e.g., indel and/or substitution) of the targeted gene was
introduced are knocked out in both alleles, i.e. comprise a biallelic deletion, in such percentage

of cells.
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In some embodiments, provided are compositions and methods in which the Cas9-
mediated cleavage efficiency (e.g., % indel, % substitution) in or near the targeted gene (e.g.
within or about within 100 base pairs, within or about within 50 base pairs, or within or about
within 25 base pairs or within or about within 10 base pairs upstream or downstream of the cut
site) is at least or greater than about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90% or 95% in cells of a composition of cells into which an agent (e.qg.
gRNA/Cas9) for knockout or genetic disruption of a targeted gene has been introduced.

In some embodiments, the provided cells, compositions and methods results in a
reduction or disruption of signals delivered via the endogenous in at least or greater than about
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95% of cells
in a composition of cells into which an agent (e.g., gRNA/Cas nuclease) for knockout or genetic
disruption of a targeted gene was introduced.

In some embodiments, the cells in the composition retain a phenotype of the cells
compared to the phenotype of cells in a corresponding or reference composition when assessed
under the same conditions. In some embodiments, the cells in the composition retain a
phenotype of the cells compared to the phenotype of cells in a corresponding or reference
composition when assessed under the same conditions, except for the effects disrupting the
target gene has on the cells.

In some embodiments, cells in the composition include without limitation, naive cells,
effector memory cells, central memory cells, stem central memory cells, effector memory cells,
and long-lived effector memory cells. In some embodiments, the cells include without limitation,
immune suppressive cells, such as regulatory T cells (Tregs), non-Tregs modified to be directly
immune suppressive (e.g., via secretion of IL-10 or TGF-B), and non-Tregs modified to be
indirectly immune suppressive (e.g., cytotoxic T lymphocytes (CTLs) that kill antigen presenting
cells (APCs)). In some embodiments, the cells include without limitation, dendritic cells, myeloid
derived suppressor cells, immunoregulatory macrophages, mesenchymal stem cells, multi-
potent adult progenitor cells, embryonic stem cells, induced pluripotent stem cells, thymic
progenitor cells, immune regulatory B cells, immune regulatory NK cells, immune regulatory
monocytes, veto cells, innate lymphoid cells, invariant natural killer (NK) T cells. In some
embodiments, the cells include hematopoietic cells and precursor cells thereof. In some
embodiments, the cells include effector T cells modified as described herein. In some
embodiments, the cells are in vitro-derived, pluripotent stem cell-derived cells of any of the

aforementioned cell types.
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In some embodiments, the percentage of cells comprising the genetic disruption of a
targeted gene (e.g., NR3C1) exhibit a non-activated, long-lived memory or central memory
phenotype that is the same or substantially the same as a corresponding or reference
population or composition of cells not containing the genetic disruption. In some embodiments,
such property, activity or phenotype can be measured in an in vitro assay, such as by assaying
an immunosuppressive activity of the cells. In some embodiments, any of the assessed
activities, properties or phenotypes can be assessed at various days following electroporation or
other introduction of the agent, such as after orup to 3, 4, 5, 6, 7 days. In some embodiments,
such activity, property or phenotype is retained by at least 80%, 85%, 90%, 95% or 100% of the
cells in the composition compared to the activity of a corresponding composition containing cells
not comprising the genetic disruption of the targeted gene when assessed under the same
conditions.

As used herein, reference to a "corresponding composition" or a "corresponding
population of cells" (also called a "reference composition" or a "reference population of cells")
refers to cells (e.g., Tregs, Teffs) obtained, isolated, generated, produced and/or incubated
under the same or substantially the same conditions, except that the cells or population of cells
were not introduced with the agent. In some aspects, except for not containing introduction of
the agent, such cells are treated identically or substantially identically as cells that have been
introduced with the agent, such that any one or more conditions that can influence the activity or
properties of the cell, including the upregulation or expression of the inhibitory molecule, is not
varied or not substantially varied between the cells other than the introduction of the agent.

Methods and techniques for assessing the expression and/or levels of cell markers (e.g.,
Treg markers) are known in the art. Antibodies and reagents for detection of such markers are
well known in the art, and readily available. Assays and methods for detecting such markers
include, but are not limited to, flow cytometry, including intracellular flow cytometry, ELISA,
ELISPOT, cytometric bead array or other multiplex methods, Western Blot and other
immunoaffinity-based methods. In some embodiments, the modified cells can be detected by
flow cytometry or other immunoaffinity based method for expression of a marker unique to such
cells, and then such cells can be co-stained for another marker.

In some embodiments, the cells, compositions and methods provide for the deletion,
knockout, disruption, or reduction in expression of the target gene in hematopoietic cells or
precursor cells thereof (e.g., Tregs, Teffs) to be adoptively transferred. In some embodiments,

the methods are performed ex vivo on primary cells, such as primary hematopoietic cells or
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precursor cells thereof (e.g., Tregs, Teffs) from a subject. In some aspects, methods of
producing or generating such cells including introducing into the cells an agent or agents that is
capable of disrupting, a gene that encode the endogenous gene to be targeted (e.g., NR3C1),
and introducing into the cells a calcineurin inhibitor resistance gene. As used herein, the term
"introducing" encompasses a variety of methods of introducing DNA into a cell, either in vitro or
in vivo, such methods including transformation, transduction, transfection (e.g. electroporation),
and infection. Where the introducing involves electroporation, a polynucleotide (e.g., a plasmid,
a single stranded DNA, a minicircle DNA) can be electroporated. Vectors are useful for
introducing DNA encoding molecules into cells. Possible vectors include plasmid vectors and
viral vectors. Viral vectors include retroviral vectors, lentiviral vectors, or other vectors such as
adenoviral vectors or adeno-associated vectors.

The population of cells can be cells that have been obtained from a subject, such as
obtained from a peripheral blood mononuclear cells (PBMC) sample, an umbilical cord blood
sample, an unfractionated T cell sample, a lymphocyte sample, a white blood cell sample, an
apheresis product, or a leukapheresis product.

In some embodiments, the step of introducing the nucleic acid encoding a calcineurin
inhibitor resistance gene and the step of introducing the agent (e.g., Cas/gRNA RNP) can occur
simultaneously or sequentially in any order. In some embodiments, subsequent to introduction
of the calcineurin inhibitor resistance gene and one or more gene editing agents (e.qg.
Cas/gRNA RNP), the cells are cultured or incubated under conditions to stimulate expansion
and/or proliferation of cells.

Thus, provided are cells, compositions, and methods that enhance cell, such as Treg,
function in adoptive cell therapy, including those offering improved efficacy, such as by
increasing activity and potency of administered modified cells, while maintaining persistence or
exposure to the transferred cells over time, or such as by increasing persistence and/or survival
of the administered modified cells. In some embodiments, the modified cells, exhibit increased
expansion and/or persistence when administered in vivo to a subject, as compared to certain
available methods. In some embodiments, the provided cells exhibit increased persistence
when administered in vivo to a subject. In some embodiments, the persistence of modified
cells, in the subject upon administration is greater as compared to that which would be achieved
by alternative methods, such as those involving administration of cells genetically engineered by
methods in which cells were not introduced with an agent that reduces expression of or disrupts

a gene encoding an endogenous gene (e.g., NR3C1). In some embodiments, the persistence is
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increased at least or about at least 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-
fold, 10-fold, 20-fold, 30-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-fold or more.

In some embodiments, the degree or extent of persistence of administered cells can be
detected or quantified after administration to a subject. For example, in some embodiments,
quantitative PCR (gPCR) is used to assess the quantity of modified cells in the blood or serum
or organ or tissue (e.g., disease site) of the subject. In some embodiments, persistence is
quantified as copies of DNA or plasmid encoding, e.g., a calcineurin inhibitor resistance gene,
per microgram of DNA, or as the number of CNI resistance gene-expressing cells per microliter
of the sample, e.g., of blood or serum, or per total number of peripheral blood mononuclear cells
(PBMCs) or white blood cells or Tregs per microliter of the sample. In some embodiments, flow
cytometric assays detecting cells generally using antibodies specific for, e.g., a calcineurin
inhibitor resistance gene encoded protein, also can be performed. Cell-based assays may also
be used to detect the number or percentage of functional cells.

The present disclosure provides methods for producing or generating a calcineurin
inhibitor-resistant modified cell (e.g., Treg) of the invention. The cells generally are engineered
by introducing one or more genetically engineered nucleic acids encoding the exogenous
calcineurin inhibitor resistance gene product. In some embodiments, the cells also are
introduced, either simultaneously or sequentially with the nucleic acid encoding the exogenous
CNI resistance gene product, with an agent (e.g. Cas9/gRNA RNP) that is capable of disrupting
a targeted gene (e.g., NR3C1).

In some embodiments, the calcineurin inhibitor resistance gene (e.g., encoding a
calcineurin variant) is inserted into a genome via homology directed repair (HDR). As used
herein, “homology-directed repair” or “HDR” is a mechanism to repair double stranded DNA
breaks in cells. HDR generally relies on the process of homologous recombination, whereby
stretches of nucleic acid sequence homology are used to repair the double stranded DNA
break. During HDR, a strand of the homologous sequence of a nucleic acid donor invades, or
hybridizes, with a resected portion of the cut DNA. A DNA polymerase, using the resected DNA
as a primer, elongates the cut DNA, using the invaded donor sequence as a template. After
elongation and break repair, the new sequence at the site of the cut possess whatever
sequence was present in the nucleic acid donor used in the repair process. The process of
HDR is further described in Jasin et al. (Cold Spring Harb. Perspect. Biol. 2013 Nov; 5(11):

a012740), incorporated herein by reference.
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In some embodiments, the nucleic acid donor template (e.g., for insertion of a CNI
resistance gene) may be employed with gene editing complexes (e.g., CRISPR/Cas system) to
enable genome engineering at specific nucleotide positions in a homologous target nucleic acid
of a host cell (e.g., homologous chromosomes that are compound heterozygous at a particular
allele). In some aspects, the disclosure provides a method for targeted gene editing, the method
comprising delivering to a cell (e.g., a cell of a disease subject) at least one component of a
recombinant gene-editing complex together with the nucleic acid donor template, under
conditions such that the recombinant gene editing complex induces a genetic lesion (e.g., nick
or double stranded break) in a target site in the chromosome, and the donor template of the
invention mediates a repair mechanism (e.g., HDR), thereby repairing the lesion.

In certain embodiments, the nucleic acid donor template (also referred to herein as an
exogenous donor DNA sequence) facilitates insertion of a calcineurin inhibitor resistance gene
(e.g., mutant/variant calcineurin gene) into the NR3C1 locus via homologous recombination.
Accordingly, in certain embodiments, the mutant calcineurin gene is inserted into the NR3C1
locus via homoglous recombination using an exogenous donor DNA sequence comprising the
nucleic acid sequence set forth in SEQ ID NO:11. A schematic of the exogenous donor DNA
sequence is provided herein in Fig. 15.

In some embodiments, the donor DNA sequence can comprise transcriptional control
elements such as, without limitation, a MND promoter, a CMB promoter, a EF-1alpha promoter,
a PGK promoter. In some embodiments, the donor DNA sequence can comprise a reporter
molecule such as, without limitation, a fluorescent marker (e.g., GFP), an epidermal growth
factor receptor (EGFR), a nerve growth factor receptor (NGFR), an inducible caspase. Where
the donor DNA sequence comprises both the primary insertion element (e.g., CNI resistance
gene) and a secondary element (e.g., a reporter molecule), coordinated expression may be
desired. Various methods of coordinated expression of one or more genes are known in the art.
In some embodiments, the primary insertion element (e.g., CNI resistance gene) and the
secondary insertion element (e.g., GFP) is separated by a linker. A linker for use in the present
disclosure allows for multiple proteins to be encoded by the same nucleic acid sequence (e.g., a
multicistronic or bicistronic sequence), which are translated as a polyprotein that is dissociated
into separate protein components. For example, a linker for use in a donor nucleic acid of the
present disclosure comprising a CNI resistance gene and a reporter gene, allows for the CNI
resistance gene product and the reporter gene product to be translated as a polyprotein that is

dissociated into separate CNI resistance gene product and reporter gene product components.
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In some embodiments, the linker comprises a nucleic acid sequence that encodes for an
internal ribosome entry site (IRES). As used herein, “an internal ribosome entry site” or “IRES”
refers to an element that promotes direct internal ribosome entry to the initiation codon, such as
ATG, of a protein coding region, thereby leading to cap-independent translation of the gene.
Various internal ribosome entry sites are known to those of skill in the art, including, without
limitation, IRES obtainable from viral or cellular mMRNA sources, e.g., immunogloublin heavy-
chain binding protein or binding immunoglobulin protein (BiP); vascular endothelial growth factor
(VEGF); fibroblast growth factor 2; insulin-like growth factor; translational initiation factor elF4G;
yeast transcription factors TFIID and HAP4; and IRES obtainable from, e.g., cardiovirus,
rhinovirus, aphthovirus, HCV, Friend murine leukemia virus (FrMLV), and Moloney murine
leukemia virus (MoMLV). Those of skill in the art would be able to select the appropriate IRES
for use in the present invention.

In some embodiments, the linker comprises a nucleic acid sequence that encodes for a
self-cleaving peptide. As used herein, a “self-cleaving peptide” or “2A peptide” refers to an
oligopeptide that allow multiple proteins to be encoded as polyproteins, which dissociate into
component proteins upon translation. Use of the term “self-cleaving” is not intended to imply a
proteolytic cleavage reaction. Various self-cleaving or 2A peptides are known to those of skill in
the art, including, without limitation, those found in members of the Picornaviridae virus family,
e.g., foot-and-mouth disease virus (FMDV), equine rhinitis A virus (ERAV, Thosea asigna virus
(TaV), and porcine tescho virus-1 (PTV-1); and carioviruses such as Theilovirus and
encephalomyocarditis viruses. 2A peptides derived from FMDV, ERAYV, PTV-1, and TaV are
referred to herein as “F2A,” “E2A,” “P2A,” and “T2A,” respectively. Those of skill in the art
would be able to select the appropriate self-cleaving peptide for use in the present invention.

In some embodiments, a linker further comprises a nucleic acid sequence that encodes
a furin cleavage site. Furin is a ubiquitously expressed protease that resides in the trans-golgi
and processes protein precursors before their secretion. Furin cleaves at the COOH- terminus
of its consensus recognition sequence. Various furin consensus recognition sequences (or
“furin cleavage sites”) are known to those of skill in the art, including, without limitation, Arg-X-
Lys-Arg (SEQ ID NO:12) or Arg-X-Arg-Arg (SEQ ID NO:13), X1-Arg-X-X1-Arg (SEQ ID NO:14)
and Arg-X-X-Arg (SEQ ID NO:15), such as an Arg-Gin-Lys-Arg (SEQ ID NO:16), where X is any
naturally occurring amino acid, and X1 is Arg or Lys. Those of skill in the art would be able to

select the appropriate Furin cleavage site for use in the present invention.

54



10

15

20

25

30

CA 03100247 2020-11-12

WO 2019/222513 PCT/US2019/032686

As used herein, the terms “nucleic acid donor” or “nucleic acid donor template” or
“donor template” or “donor sequence” or “donor” or “nucleic acid insert” or “insert” refer to any
nucleic acid sequence, e.g., deoxyribonucleic acid, that may be used as a repair template in the
repair mechanism (e.g., homology-directed repair (HDR)). The nucleic acid donor may be
double stranded or single stranded, e.g., double stranded DNA (dsDNA) or single stranded DNA
(ssDNA). The nucleic acid donors of the disclosure may comprise varying polynucleotide
lengths. In certain embodiments, the nucleic acid donor may be less than about 100
nucleotides in length, about 100 nucleotides in length, about 200 nucleotides in length, about
300 nucleotides in length, about 400 nucleotides in length, about 500 nucleotides in length,
about 600 nucleotides in length, about 700 nucleotides in length, about 800 nucleotides in
length, about 900 nucleotides in length, about 1000 nucleotides in length, or greater than about
1000 nucleotides in length. A nucleic acid donor of less than or equal to 200 nucleotides in
length may also be referred to as a “short” nucleic acid donor. In certain embodiments, the
nucleic acid donor is a single stranded donor oligonucleotide (ssODN). The nucleic acid donors
to be inserted into the genome of a cell may be of any nucleotide length as needed by the
skilled practitioner. For example, but in no way limiting, the nucleotide portion may be as short
as a single nucleotide or greater than ten kilobases.

In some embodiments, the nucleic acid donors of the disclosure comprise a nucleotide
sequence to be inserted into the genome of a cell, for example, an exogenous sequence to be
inserted into the genome of a cell. The exogenous sequence may comprise a gene (e.g., a
calcineurin inhibitor resistance gene). The gene may encode for a protein, such as a
therapeutic protein or a selectable marker protein (e.g., a calcineurin variant). In certain
embodiments, the selectable marker may encode for a selectable marker protein that confers
resistance to an agent that reduces cell growth or causes cell death. Examples of such agents,
included, but not limited to, ampicillin, blasticidin, bleomycin, chloramphenicol, gentamycin,
hygromycin, kanamycin, lincomycin, methotrexate, neomycin, phosphinothricin, puromycin,
tetracyclin, and zeocin. In other embodiments, the selectable marker may encode a fluorescent
or luminescent protein (e.g., luciferase or GFP). The gene may be derived from the same
species organism of the cell in which the gene is to be inserted. The gene may be derived from
a different species organism of the cell in which the gene is to be inserted. The gene may be a
chimeric sequence comprising sequences of multiple species. The nucleic acid donor may
comprise a sequence that encodes for a non-coding RNA. Examples of non-coding RNAs
include, but are not limited to, transfer RNAs (tRNAs), ribosomal RNAs (rRNAs), small RNAs
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such as siRNA, miRNA, piRNA, snoRNA, snRNA, exosomal RNA (exRNA). The nucleic acid
donor may comprise a sequence that is not expressed. The nucleic acid donor may comprise a
sequence that reduces or eliminates the expression of an endogenous gene in the cell.

In the case of HDR-mediated gene editing, the nucleic acid donors of the disclosure
further comprise homology arms at the 5’ end and 3’ end, for example, a first and second
homology arm. The homology arms are nucleic acid sequences that share sufficient homology
with a target site in the genome of a cell to mediate HDR. Each homology arm may comprise
varying polynucleotide lengths. It will be understood to those of skill in the art that homology
arm nucleic acid sequences are an extension of the existing nucleic acid donor sequence as
described above.

In certain embodiments the first homology arm may be about 20 nucleotides in length to
about 1000 nucleotides in length. In certain embodiments the first homology arm may be less
than about 20 nucleotides in length, about 20 nucleotides in length, about 30 nucleotides in
length, about 40 nucleotides in length, about 50 nucleotides in length, about 60 nucleotides in
length, about 70 nucleotides in length, about 80 nucleotides in length, about 90 nucleotides in
length, about 100 nucleotides in length, about 200 nucleotides in length, about 300 nucleotides
in length, about 400 nucleotides in length, about 500 nucleotides in length, about 600
nucleotides in length, about 700 nucleotides in length, about 800 nucleotides in length, about
900 nucleotides in length, about 1000 nucleotides in length, or greater than about 1000
nucleotides in length.

In certain embodiments the second homology arm may be about 20 nucleotides in
length to about 1000 nucleotides in length. In certain embodiments the second homology arm
may be less than about 20 nucleotides in length, about 20 nucleotides in length, about 30
nucleotides in length, about 40 nucleotides in length, about 50 nucleotides in length, about 60
nucleotides in length, about 70 nucleotides in length, about 80 nucleotides in length, about 90
nucleotides in length, about 100 nucleotides in length, about 200 nucleotides in length, about
300 nucleotides in length, about 400 nucleotides in length, about 500 nucleotides in length,
about 600 nucleotides in length, about 700 nucleotides in length, about 800 nucleotides in
length, about 900 nucleotides in length, about 1000 nucleotides in length, or greater than about
1000 nucleotides in length.

In certain embodiments, the first and second homology arm of the nucleic acid donor
may comprise different nucleotide lengths. As an example for illustrative purposes, but in no

way limiting, the homology arm at the 5' end of the nucleic acid donor (the first homology arm)
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may be 100 nucleotides in length and the homology arm at the 3' end of the nucleic acid donor
(the second homology arm) may be 150 nucleotides in length.

In some embodiments, the calcineurin inhibitor resistance gene (e.g., encoding a
calcineurin variant) is introduced into a cell by an expression vector. Expression vectors
comprising a nucleic acid sequence encoding a calcineurin variant of the present invention are
provided herein. Suitable expression vectors include lentivirus vectors, gamma retrovirus
vectors, foamy virus vectors, adeno associated virus (AAV) vectors, adenovirus vectors,
engineered hybrid viruses, naked DNA, including but not limited to transposon mediated
vectors, such as Sleeping Beauty, Piggybac, and Integrases such as Phi31. Some other
suitable expression vectors include Herpes simplex virus (HSV) and retrovirus expression
vectors.

Adenovirus expression vectors are based on adenoviruses, which have a low capacity
for integration into genomic DNA but a high efficiency for transfecting host cells. Adenovirus
expression vectors contain adenovirus sequences sufficient to: (a) support packaging of the
expression vector and (b) to ultimately express the calcineurin variant in the host cell. In some
embodiments, the adenovirus genome is a 36 kb, linear, double stranded DNA, where a foreign
DNA sequence (e.g., a nucleic acid encoding a calcineurin variant) may be inserted to substitute
large pieces of adenoviral DNA in order to make the expression vector of the present invention
(see, e.g., Danthinne and Imperiale, Gene Therapy (2000) 7(20): 1707-1714).

Another expression vector is based on an adeno associated virus, which takes
advantage of the adenovirus coupled systems. This AAV expression vector has a high
frequency of integration into the host genome. It can infect nondividing cells, thus making it
useful for delivery of genes into mammalian cells, for example, in tissue cultures or in vivo. The
AAV vector has a broad host range for infectivity. Various AAV vectors are known in the art,
including without limitation those derived from AAV1, AAV2, AAV3, AAV4, AAV5, AAVE, AAV7Y,
AAVS, AAVY, or AAVrh10. Details concerning the generation and use of AAV vectors are
described in U.S. Patent Nos. 5,139,941 and 4,797,368.

Retrovirus expression vectors are capable of integrating into the host genome, delivering
a large amount of foreign genetic material, infecting a broad spectrum of species and cell types
and being packaged in special cell lines. The retrovirus vector is constructed by inserting a
nucleic acid (e.g., a nucleic acid encoding a calcineurin variant) into the viral genome at certain

locations to produce a virus that is replication defective. Though the retrovirus vectors are able
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to infect a broad variety of cell types, integration and stable expression of the calcineurin variant
requires the division of host cells.

Lentivirus vectors are derived from lentiviruses, which are complex retroviruses that, in
addition to the common retroviral genes gag, pol, and env, contain other genes with regulatory
or structural function (see, e.g., U.S. Patent Nos. 6,013,516 and 5,994, 136). Some examples
of lentiviruses include the Human Immunodeficiency Viruses (HIV-1, HIV-2) and the Simian
Immunodeficiency Virus (SIV). Lentivirus vectors have been generated by multiply attenuating
the HIV virulence genes, for example, the genes env, vif, vpr, vpu and nef are deleted making
the vector biologically safe. Lentivirus vectors are capable of infecting non-dividing cells and
can be used for both in vivo and ex vivo gene transfer and expression, e.g., of a nucleic acid
encoding a calcineurin variant (see, e.g., U.S. Patent No. 5,994,136).

Expression vectors including a nucleic acid of the present disclosure can be introduced
into a host cell by any means known to persons skilled in the art. The expression vectors may
include viral sequences for transfection, if desired. Alternatively, the expression vectors may be
introduced by fusion, electroporation, biolistics, transfection, lipofection, or the like. The host
cell may be grown and expanded in culture before introduction of the expression vectors,
followed by the appropriate treatment for introduction and integration of the vectors. The host
cells are then expanded and may be screened by virtue of a marker present in the vectors.
Various markers that may be used are known in the art, and may include hprt, neomycin
resistance, thymidine kinase, hygromycin resistance, etc. As used herein, the terms "cell," "cell
line," and "cell culture" may be used interchangeably. In some embodiments, the host cell is a
hematopoietic cell or precursor thereof, e.g., a Treg, a T cell, an NK cell, or an NKT cell.

The present invention also provides genetically engineered cells which include and
stably express a calcineurin variant of the present disclosure. In some embodiments, the
genetically engineered cells are genetically engineered regulatory T cells (Tregs), T-
lymphocytes (T cells), naive T cells (TN), memory T cells (for example, central memory T cells
(TCM), effector memory cells (TEM)), natural killer cells (NK cells), and macrophages capable
of giving rise to therapeutically relevant progeny. In one embodiment, the genetically
engineered cells are autologous cells.

Modified cells (e.g., comprising a calcineurin variant) may be produced by stably
transfecting host cells with an expression vector including a nucleic acid of the present
disclosure. Additional methods to generate a modified cell of the present disclosure include,

without limitation, chemical transformation methods (e.g., using calcium phosphate, dendrimers,
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liposomes and/or cationic polymers), non-chemical transformation methods (e.g.,
electroporation, optical transformation, gene electrotransfer and/or hydrodynamic delivery)
and/or particle-based methods (e.g., impalefection, using a gene gun and/or magnetofection).
Transfected cells expressing a calcineurin variant of the present disclosure may be expanded
ex vivo.

Physical methods for introducing an expression vector into host cells include calcium
phosphate precipitation, lipofection, particle bombardment, microinjection, electroporation, and
the like. Methods for producing cells including vectors and/or exogenous nucleic acids are well-
known in the art. See, e.g., Sambrook et al. (2001), Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory, New York. Chemical methods for introducing an expression
vector into a host cell include colloidal dispersion systems, such as macromolecule complexes,
nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water emulsions,
micelles, mixed micelles, and liposomes.

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

Regardless of the method used to introduce exogenous nucleic acids into a host cell or

otherwise expose a cell to the inhibitor of the present invention, in order to confirm the presence
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of the nucleic acids in the host cell, a variety of assays may be performed. Such assays
include, for example, molecular biology assays well known to those of skill in the art, such as
Southern and Northern blotting, RT-PCR and PCR; biochemistry assays, such as detecting the
presence or absence of a particular peptide, e.g., by immunological means (ELISAs and
Western blots) or by assays described herein to identify agents falling within the scope of the
invention.

In one embodiment, the nucleic acids introduced into the host cell are RNA. In another
embodiment, the RNA is mRNA that comprises in vitro transcribed RNA or synthetic RNA. The
RNA may be produced by in vitro transcription using a polymerase chain reaction (PCR)-
generated template. DNA of interest from any source can be directly converted by PCR into a
template for in vitro mRNA synthesis using appropriate primers and RNA polymerase. The
source of the DNA may be, for example, genomic DNA, plasmid DNA, phage DNA, cDNA,
synthetic DNA sequence or any other appropriate source of DNA.

PCR may be used to generate a template for in vitro transcription of MRNA which is then
introduced into cells. Methods for performing PCR are well known in the art. Primers for use in
PCR are designed to have regions that are substantially complementary to regions of the DNA
to be used as a template for the PCR. “Substantially complementary,” as used herein, refers to
sequences of nucleotides where a majority or all of the bases in the primer sequence are
complementary. Substantially complementary sequences are able to anneal or hybridize with
the intended DNA target under annealing conditions used for PCR. The primers can be
designed to be substantially complementary to any portion of the DNA template. For example,
the primers can be designed to amplify the portion of a gene that is normally transcribed in cells
(the open reading frame), including 5' and 3' UTRs. The primers may also be designed to
amplify a portion of a gene that encodes a particular domain of interest. In one embodiment,
the primers are designed to amplify the coding region of a human cDNA, including all or portions
of the 5' and 3' UTRs. Primers useful for PCR are generated by synthetic methods that are well
known in the art. “Forward primers” are primers that contain a region of nucleotides that are
substantially complementary to nucleotides on the DNA template that are upstream of the DNA
sequence that is to be amplified. “Upstream” is used herein to refer to a location 5, to the DNA
sequence to be amplified relative to the coding strand. “Reverse primers” are primers that
contain a region of nucleotides that are substantially complementary to a double-stranded DNA

template that are downstream of the DNA sequence that is to be amplified. “Downstream” is
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used herein to refer to a location 3' to the DNA sequence to be amplified relative to the coding
strand.

Chemical structures that have the ability to promote stability and/or translation efficiency
of the RNA may also be used. The RNA preferably has 5' and 3' UTRs. In one embodiment,
the 5' UTR is between zero and 3000 nucleotides in length. The length of 5' and 3' UTR
sequences to be added to the coding region can be altered by different methods, including, but
not limited to, designing primers for PCR that anneal to different regions of the UTRs. Using
this approach, one of ordinary skill in the art can modify the 5" and 3' UTR lengths required to
achieve optimal translation efficiency following transfection of the transcribed RNA.

The 5' and 3' UTRs can be the naturally occurring, endogenous 5' and 3' UTRs for the
gene of interest. Alternatively, UTR sequences that are not endogenous to the gene of interest
can be added by incorporating the UTR sequences into the forward and reverse primers or by
any other modifications of the template. The use of UTR sequences that are not endogenous to
the gene of interest can be useful for modifying the stability and/or translation efficiency of the
RNA. For example, it is known that AU-rich elements in 3' UTR sequences can decrease the
stability of mMRNA. Therefore, 3' UTRs can be selected or designed to increase the stability of
the transcribed RNA based on properties of UTRs that are well known in the art.

In one embodiment, the 5' UTR can contain the Kozak sequence of the endogenous
gene. Alternatively, when a 5' UTR that is not endogenous to the gene of interest is being
added by PCR as described above, a consensus Kozak sequence can be redesigned by adding
the 5' UTR sequence. Kozak sequences can increase the efficiency of translation of some RNA
transcripts, but does not appear to be required for all RNAs to enable efficient translation. The
requirement for Kozak sequences for many mRNAs is known in the art. In other embodiments
the 5' UTR can be derived from an RNA virus whose RNA genome is stable in cells. In other
embodiments various nucleotide analogues can be used in the 3' or 5' UTR to impede
exonuclease degradation of the mRNA.

To enable synthesis of RNA from a DNA template without the need for gene cloning, a
promoter of transcription should be attached to the DNA template upstream of the sequence to
be transcribed. When a sequence that functions as a promoter for an RNA polymerase is
added to the 5' end of the forward primer, the RNA polymerase promoter becomes incorporated
into the PCR product upstream of the open reading frame that is to be transcribed. In one

embodiment, the promoter is a T7 polymerase promoter, as described elsewhere herein. Other
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useful promoters include, but are not limited to, T3 and SP6 RNA polymerase promoters.
Consensus nucleotide sequences for T7, T3 and SP6 promoters are known in the art.

In one embodiment, the mRNA has both a cap on the 5' end and a 3' poly(A) tail which
determine ribosome binding, initiation of translation and stability mRNA in the cell. On a circular
DNA template, for instance, plasmid DNA, RNA polymerase produces a long concatameric
product which is not suitable for expression in eukaryotic cells. The transcription of plasmid
DNA linearized at the end of the 3' UTR results in normal sized mRNA which is not effective in
eukaryotic transfection even if it is polyadenylated after transcription.

On a linear DNA template, phage T7 RNA polymerase can extend the 3' end of the
transcript beyond the last base of the template (Schenborn and Mierendorf, Nuc Acids Res.,
13:6223-36 (1985); Nacheva and Berzal-Herranz, Eur. J. Biochem., 270:1485-65 (2003).

The polyA/T segment of the transcriptional DNA template can be produced during PCR
by using a reverse primer containing a polyT tail, such as 100T tail (size can be 50-5000 T), or
after PCR by any other method, including, but not limited to, DNA ligation or in vitro
recombination. Poly(A) tails also provide stability to RNAs and reduce their degradation.
Generally, the length of a poly(A) tail positively correlates with the stability of the transcribed
RNA. In one embodiment, the poly(A) tail is between 100 and 5000 adenosines.

Poly(A) tails of RNAs can be further extended following in vitro transcription with the use
of a poly(A) polymerase, such as E. coli polyA polymerase (E-PAP). In one embodiment,
increasing the length of a poly(A) tail from 100 nucleotides to between 300 and 400 nucleotides
results in about a two-fold increase in the translation efficiency of the RNA. Additionally, the
attachment of different chemical groups to the 3' end can increase mRNA stability. Such
attachment can contain modified/artificial nucleotides, aptamers and other compounds. For
example, ATP analogs can be incorporated into the poly(A) tail using poly(A) polymerase. ATP
analogs can further increase the stability of the RNA.

5' caps also provide stability to RNA molecules. In a preferred embodiment, RNAs
produced by the methods disclosed herein include a 5' cap. The 5' cap is provided using
techniques known in the art and described herein (Cougot, et al., Trends in Biochem. Sci.,
29:436-444 (2001); Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al., Biochim. Biophys.
Res. Commun., 330:958-966 (2005)).

In some embodiments, the RNA is electroporated into the cells, such as in vitro

transcribed RNA. Any solutes suitable for cell electroporation, which can contain factors
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facilitating cellular permeability and viability such as sugars, peptides, lipids, proteins,
antioxidants, and surfactants can be included.

In some embodiments, a nucleic acid encoding a calcineurin variant of the present
disclosure will be RNA, e.g., in vitro synthesized RNA. Methods for in vitro synthesis of RNA
are known in the art; any known method can be used to synthesize RNA comprising a sequence
encoding a calcineurin variant. Methods for introducing RNA into a host cell are known in the
art. See, e.g., Zhao et al. Cancer Res. (2010) 15: 9053. Introducing RNA comprising a
nucleotide sequence encoding a calcineurin variant into a host cell can be carried out in vitro or
ex vivo or in vivo. For example, a host cell (e.g., a Treg, an NK cell, a cytotoxic T lymphocyte,
etc.) can be electroporated in vitro or ex vivo with RNA comprising a nucleotide sequence
encoding a calcineurin variant.

The disclosed methods can be applied to the modulation of T cell activity in basic
research and therapy, in the fields of cancer, stem cells, acute and chronic infections,
autoimmune diseases, cell therapy, and gene therapy, including the assessment of the ability of
the genetically modified T cell to kill a target cancer cell.

The methods also provide the ability to control the level of expression over a wide range
by changing, for example, the promoter or the amount of input RNA, making it possible to
individually regulate the expression level. Furthermore, the PCR-based technique of MRNA
production greatly facilitates the design of the mRNAs with different structures and combination
of their domains.

One advantage of RNA transfection methods of the invention is that RNA transfection is
essentially transient and a vector-free. A RNA transgene can be delivered to a lymphocyte and
expressed therein following a brief in vitro cell activation, as a minimal expressing cassette
without the need for any additional viral sequences. Under these conditions, integration of the
transgene into the host cell genome is unlikely. Cloning of cells is not necessary because of the
efficiency of transfection of the RNA and its ability to uniformly modify the entire lymphocyte
population.

Genetic modification of cells with in vitro-transcribed RNA (IVT-RNA) makes use of two
different strategies both of which have been successively tested in various animal models.
Cells are transfected with in vitro-transcribed RNA by means of lipofection or electroporation. It
is desirable to stabilize IVT-RNA using various modifications in order to achieve prolonged

expression of transferred IVT-RNA.
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Some IVT vectors are known in the literature which are utilized in a standardized manner
as template for in vitro transcription and which have been genetically modified in such a way
that stabilized RNA transcripts are produced. Currently protocols used in the art are based on a
plasmid vector with the following structure: a 5' RNA polymerase promoter enabling RNA
transcription, followed by a gene of interest which is flanked either 3' and/or 5' by untranslated
regions (UTR), and a 3' polyadenyl cassette containing 50-70 A nucleotides. Prior to in vitro
transcription, the circular plasmid is linearized downstream of the polyadenyl cassette by type Il
restriction enzymes (recognition sequence corresponds to cleavage site). The polyadenyl
cassette thus corresponds to the later poly(A) sequence in the transcript. As a result of this
procedure, some nucleotides remain as part of the enzyme cleavage site after linearization and
extend or mask the poly(A) sequence at the 3' end. It is not clear, whether this nonphysiological
overhang affects the amount of protein produced intracellularly from such a construct.

In another aspect, the RNA construct is delivered into the cells by electroporation. See,
e.g., the formulations and methodology of electroporation of nucleic acid constructs into
mammalian cells as taught in US 2004/0014645, US 2005/0052630A1, US 2005/0070841A1,
US 2004/0059285A1, US 2004/0092907A1. The various parameters including electric field
strength required for electroporation of any known cell type are generally known in the relevant
research literature as well as numerous patents and applications in the field. See e.g., U.S. Pat.
No. 6,678,556, U.S. Pat. No. 7,171,264, and U.S. Pat. No. 7,173,116. Apparatus for therapeutic
application of electroporation are available commercially, e.g., the MedPulser™ DNA
Electroporation Therapy System (Inovio/Genetronics, San Diego, Calif.), and are described in
patents such as U.S. Pat. No. 6,567,694; U.S. Pat. No. 6,516,223, U.S. Pat. No. 5,993,434,
U.S. Pat. No. 6,181,964, U.S. Pat. No. 6,241,701, and U.S. Pat. No. 6,233,482; electroporation
may also be used for transfection of cells in vitro as described e.g. in US20070128708A1.
Electroporation may also be utilized to deliver nucleic acids into cells in vitro. Accordingly,
electroporation-mediated administration into cells of nucleic acids including expression
constructs utilizing any of the many available devices and electroporation systems known to
those of skill in the art presents an exciting new means for delivering an RNA of interest to a
target cell.

In some embodiments, the cells (e.g., pluripotent stem cells, Tregs) can be incubated or
cultivated prior to, during and/or subsequent to introducing the nucleic acid molecule encoding
the exogenous calcineurin variant and the gene editing agent (e.g. Cas9/gRNA RNP). In some

embodiments, the cells (e.g., pluripotent stem cells, Tregs) can be incubated or cultivated prior
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to, during or subsequent to the introduction of the nucleic acid molecule encoding the
exogenous receptor, such as prior to, during or subsequent to the transduction of the cells with
a viral vector (e.g., lentiviral vector) encoding the exogenous receptor. In some embodiments,
the cells (e.g., T cells) can be incubated or cultivated prior to, during or subsequent to the
introduction of the gene editing agent (e.g. Cas9/gRNA RNP), such as prior to, during or
subsequent to contacting the cells with the agent or prior to, during or subsequent to delivering
the agent into the cells, e.g. via electroporation. In some embodiments, the incubation can be
both in the context of introducing the nucleic acid molecule encoding the exogenous receptor
and introducing the gene editing agent, e.g. Cas9/gRNA RNP.

In some embodiments, introducing the gene editing agent, e.g. Cas9/gRNA RNP, is after
introducing the nucleic acid molecule encoding the calcineurin variant. In some embodiments,
prior to the introducing of the agent, the cells are rested, e.g. by removal of any stimulating or
activating agent. In some embodiments, prior to introducing the agent, the stimulating or
activating agent and/or cytokines are not removed. Those of skill in the art will be able to
determine the order in which each of the one or more nucleic acid sequences are introduced
into the host cell.

Accordingly, a method for generating a modified hematopoietic cell or precursor cell
thereof is provided, comprising introducing into the cell a CRISPR system that produces an
indel in exon 2 of NR3C1, wherein the indel is capable of downregulating gene expression of
NR3C1. In an exemplary embodiment, the method further comprises an insertion of an
exogenous calcineurin inhibitor resistance gene into the genome of the cell, wherein the

insertion occurs at the site of the indel NR3C1.

D. NUCLEIC ACIDS AND EXPRESSION VECTORS

The present disclosure provides a nucleic acid encoding an exogenous calcineurin

variant. In some embodiments, a nucleic acid of the present disclosure may be operably linked
to a transcriptional control element, e.g., a promoter, and enhancer, etc. Suitable promoter and
enhancer elements are known to those of skill in the art.

For expression in a bacterial cell, suitable promoters include, but are not limited to, lacl,
lacZ, T3, T7, gpt, lambda P and trc. For expression in a eukaryotic cell, suitable promoters
include, but are not limited to, light and/or heavy chain immunoglobulin gene promoter and
enhancer elements; cytomegalovirus immediate early promoter; herpes simplex virus thymidine

kinase promoter; early and late SV40 promoters; promoter present in long terminal repeats from
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a retrovirus; mouse metallothionein-1 promoter; and various art-known tissue specific promoters.
Suitable reversible promoters, including reversible inducible promoters are known in the art.
Such reversible promoters may be isolated and derived from many organisms, e.g., eukaryotes
and prokaryotes. Modification of reversible promoters derived from a first organism for use in a
second organism, e.g., a first prokaryote and a second a eukaryote, a first eukaryote and a
second a prokaryote, etc., is well known in the art. Such reversible promoters, and systems
based on such reversible promoters but also comprising additional control proteins, include, but
are not limited to, alcohol regulated promoters (e.g., alcohol dehydrogenase | (alcA) gene
promoter, promoters responsive to alcohol transactivator proteins (A1cR), etc.), tetracycline
regulated promoters, (e.g., promoter systems including TetActivators, TetON, TetOFF, etc.),
steroid regulated promoters (e.g., rat glucocorticoid receptor promoter systems, human
estrogen receptor promoter systems, retinoid promoter systems, thyroid promoter systems,
ecdysone promoter systems, mifepristone promoter systems, etc.), metal regulated promoters
(e.g., metallothionein promoter systems, etc.), pathogenesis-related regulated promoters (e.g.,
salicylic acid regulated promoters, ethylene regulated promoters, benzothiadiazole regulated
promoters, etc.), temperature regulated promoters (e.g., heat shock inducible promoters (e.g.,
HSP-70, HSP-90, soybean heat shock promoter, etc.), light regulated promoters, synthetic
inducible promoters, and the like.

In some embodiments, the promoter is a CD8 cell-specific promoter, a CD4 cell-specific
promoter, a neutrophil-specific promoter, or an NK-specific promoter. For example, a CD4 gene
promoter can be used; see, e.g., Salmon et al. Proc. Natl. Acad. Sci. USA (1993) 90:7739; and
Marodon et al. (2003) Blood 101:3416. As another example, a CD8 gene promoter can be
used. NK cell-specific expression can be achieved by use of an Ncrl (p46) promoter; see, e.g.,
Eckelhart et al. Blood (2011) 117:1565.

For expression in a yeast cell, a suitable promoter is a constitutive promoter such as an
ADH1 promoter, a PGK1 promoter, an ENO promoter, a PYK1 promoter and the like; or a
regulatable promoter such as a GAL1 promoter, a GAL10 promoter, an ADH2 promoter, a
PHOS promoter, a CUP1 promoter, a GALT promoter, a MET25 promoter, a MET3 promoter, a
CYC1 promoter, a HIS3 promoter, an ADH1 promoter, a PGK promoter, a GAPDH promoter, an
ADC1 promoter, a TRP1 promoter, a URA3 promoter, a LEU2 promoter, an ENO promoter, a
TP1 promoter, and AOX1 (e.g., for use in Pichia). Selection of the appropriate vector and
promoter is well within the level of ordinary skill in the art. Suitable promoters for use in

prokaryotic host cells include, but are not limited to, a bacteriophage T7 RNA polymerase
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promoter; a trp promoter; a lac operon promoter; a hybrid promoter, e.g., a lac/tac hybrid
promoter, a tac/trc hybrid promoter, a trp/lac promoter, a T7/lac promoter; a trc promoter; a tac
promoter, and the like; an araBAD promoter; in vivo regulated promoters, such as an ssaG
promoter or a related promoter (see, e.g., U.S. Patent Publication No. 20040131637), a pagC
promoter (Pulkkinen and Miller, J. Bacteriol. (1991) 173(1): 86-93; Alpuche-Aranda et al., Proc.
Natl. Acad. Sci. USA (1992) 89(21): 10079-83), a nirB promoter (Harborne et al. Mol. Micro.
(1992) 6:2805-2813), and the like (see, e.g., Dunstan et al., Infect. Immun. (1999) 67:5133-
5141; McKelvie et al., Vaccine (2004) 22:3243-3255; and Chatfield et al., Biotechnol. (1992)
10:888-892); a sigma70 promoter, e.g., a consensus sigma70 promoter (see, e.g., GenBank
Accession Nos. AX798980, AX798961, and AX798183); a stationary phase promoter, e.g., a
dps promoter, an spv promoter, and the like; a promoter derived from the pathogenicity island
SPI-2 (see, e.g., WO96/17951); an actA promoter (see, e.g., Shetron-Rama et al., Infect.
Immun. (2002) 70:1087-1096); an rpsM promoter (see, e.g., Valdivia and Falkow Mol. Microbiol.
(1996). 22:367); a tet promoter (see, e.g., Hillen, W. and Wissmann, A. (1989) In Saenger, W.
and Heinemann, U. (eds), Topics in Molecular and Structural Biology, Protein--Nucleic Acid
Interaction. Macmillan, London, UK, Vol. 10, pp. 143-162); an SP6 promoter (see, e.g., Melton
et al., Nucl. Acids Res. (1984) 12:7035); and the like. Suitable strong promoters for use in
prokaryotes such as Escherichia coli include, but are not limited to Trc, Tac, T5, T7, and
PLambda. Non-limiting examples of operators for use in bacterial host cells include a lactose
promoter operator (Lacl repressor protein changes conformation when contacted with lactose,
thereby preventing the Lad repressor protein from binding to the operator), a tryptophan
promoter operator (when complexed with tryptophan, TrpR repressor protein has a
conformation that binds the operator; in the absence of tryptophan, the TrpR repressor protein
has a conformation that does not bind to the operator), and a tac promoter operator (see, e.g.,
deBoer et al., Proc. Natl. Acad. Sci. U.S.A. (1983) 80:21-25).

Other examples of suitable promoters include the immediate early cytomegalovirus
(CMV) promoter sequence. This promoter sequence is a strong constitutive promoter sequence
capable of driving high levels of expression of any polynucleotide sequence operatively linked
thereto. Other constitutive promoter sequences may also be used, including, but not limited to a
simian virus 40 (SV40) early promoter, a mouse mammary tumor virus (MMTV) or human
immunodeficiency virus (HIV) long terminal repeat (LTR) promoter, a MoMuLV promoter, an
avian leukemia virus promoter, an Epstein-Barr virus immediate early promoter, a Rous

sarcoma virus promoter, the EF-1 alpha promoter, as well as human gene promoters such as,
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but not limited to, an actin promoter, a myosin promoter, a hemoglobin promoter, and a creatine
kinase promoter. Further, the invention should not be limited to the use of constitutive
promoters. Inducible promoters are also contemplated as part of the invention. The use of an
inducible promoter provides a molecular switch capable of turning on expression of the
polynucleotide sequence which it is operatively linked when such expression is desired, or
turning off the expression when expression is not desired. Examples of inducible promoters
include, but are not limited to a metallothionine promoter, a glucocorticoid promoter, a
progesterone promoter, and a tetracycline promoter.

In some embodiments, the locus or construct or transgene containing the suitable
promoter is irreversibly switched through the induction of an inducible system. Suitable systems
for induction of an irreversible switch are well known in the art, e.g., induction of an irreversible
switch may make use of a Cre-lox-mediated recombination (see, e.g., Fuhrmann-Benzakein, et
al., Proc. Natl. Acad. Sci. USA (2000) 28:€99, the disclosure of which is incorporated herein by
reference). Any suitable combination of recombinase, endonuclease, ligase, recombination
sites, etc. known to the art may be used in generating an irreversibly switchable promoter.
Methods, mechanisms, and requirements for performing site-specific recombination, described
elsewhere herein, find use in generating irreversibly switched promoters and are well known in
the art, see, e.g., Grindley et al. Annual Review of Biochemistry (2006) 567-605; and Tropp,
Molecular Biology (2012) (Jones & Bartlett Publishers, Sudbury, Mass.), the disclosures of
which are incorporated herein by reference.

A nucleic acid of the present disclosure may be present within an expression vector
and/or a cloning vector. An expression vector can include a selectable marker, an origin of
replication, and other features that provide for replication and/or maintenance of the vector.
Suitable expression vectors include, e.g., plasmids, viral vectors, and the like. Large numbers
of suitable vectors and promoters are known to those of skill in the art; many are commercially
available for generating a subject recombinant construct. The following vectors are provided by
way of example, and should not be construed in anyway as limiting: Bacterial: pBs, phagescript,
PsiX174, pBluescript SK, pBs KS, pNH8a, pNH16a, pNH18a, pNH46a (Stratagene, La Jolla,
Calif., USA); pTrc99A, pKK223-3, pKK233-3, pDR540, and pRIT5 (Pharmacia, Uppsala,
Sweden). Eukaryotic: pWLneo, pSV2cat, pOG44, PXR1, pSG (Stratagene) pSVK3, pBPV,
pMSG and pSVL (Pharmacia).

Expression vectors generally have convenient restriction sites located near the promoter

sequence to provide for the insertion of nucleic acid sequences encoding heterologous proteins.
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A selectable marker operative in the expression host may be present. Suitable expression
vectors include, but are not limited to, viral vectors (e.g. viral vectors based on vaccinia virus;
poliovirus; adenovirus (see, e.g., Li et al., Invest. Opthalmol. Vis. Sci. (1994) 35: 2543-2549;
Borras et al., Gene Ther. (1999) 6: 515-524; Li and Davidson, Proc. Natl. Acad. Sci. USA (1995)
92: 7700-7704; Sakamoto et al., H. Gene Ther. (1999) 5: 1088-1097; WO 94/12649, WO
93/03769; WO 93/19191; WO 94/28938; WO 95/11984 and WO 95/00655); adeno-associated
virus (see, e.g., Ali et al., Hum. Gene Ther. (1998) 9: 81-86, Flannery et al., Proc. Natl. Acad.
Sci. USA (1997) 94: 6916-6921; Bennett et al., Invest. Opthalmol. Vis. Sci. (1997) 38: 2857-
2863; Jomary et al., Gene Ther. (1997) 4.683 690, Rolling et al., Hum. Gene Ther. (1999) 10:
641-648; Ali et al., Hum. Mol. Genet. (1996) 5: 591-594; Srivastava in WO 93/09239, Samulski
et al., J. Vir. (1989) 63: 3822-3828; Mendelson et al., Virol. (1988) 166: 154-165; and Flotte et
al., Proc. Natl. Acad. Sci. USA (1993) 90: 10613-10617); SV40; herpes simplex virus; human
immunodeficiency virus (see, e.g., Miyoshi et al., Proc. Natl. Acad. Sci. USA (1997) 94: 10319-
23; Takahashi et al., J. Virol. (1999) 73: 7812-7816); a retroviral vector (e.g., Murine Leukemia
Virus, spleen necrosis virus, and vectors derived from retroviruses such as Rous Sarcoma
Virus, Harvey Sarcoma Virus, avian leukosis virus, human immunodeficiency virus,
myeloproliferative sarcoma virus, and mammary tumor virus); and the like.

Additional expression vectors suitable for use are, e.g., without limitation, a lentivirus
vector, a gamma retrovirus vector, a foamy virus vector, an adeno-associated virus vector, an
adenovirus vector, a pox virus vector, a herpes virus vector, an engineered hybrid virus vector,
a transposon mediated vector, and the like. Viral vector technology is well known in the art and
is described, for example, in Sambrook et al., 2012, Molecular Cloning: A Laboratory Manual,
volumes 1-4, Cold Spring Harbor Press, NY), and in other virology and molecular biology
manuals. Viruses, which are useful as vectors include, but are not limited to, retroviruses,
adenoviruses, adeno- associated viruses, herpes viruses, and lentiviruses.

In general, a suitable vector contains an origin of replication functional in at least one
organism, a promoter sequence, convenient restriction endonuclease sites, and one or more
selectable markers, (e.g., WO 01/96584; WO 01/29058; and U.S. Pat. No. 6,326,193).

Vectors of the present invention may be self-inactivating vectors. As used herein, the
term “self-inactivating vector” refers to vectors in which the 3’ LTR enhancer promoter region
(U3 region) has been modified (e.g., by deletion or substitution). A self-inactivating vector may
prevent viral transcription beyond the first round of viral replication. Consequently, a self-

inactivating vector may be capable of infecting and then integrating into a host genome (e.g., a
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mammalian genome) only once, and cannot be passed further. Accordingly, self-inactivating
vectors may greatly reduce the risk of creating a replication-competent virus.

In some embodiments, a nucleic acid of the present invention may be RNA, e.q., in vitro
synthesized RNA. Methods for in vitro synthesis of RNA are known to those of skill in the art;
any known method can be used to synthesize RNA comprising a sequence encoding a
calcineurin variant of the present disclosure. Methods for introducing RNA into a host cell are
known in the art. See, e.g., Zhao et al. Cancer Res. (2010) 15: 9053. Introducing RNA
comprising a nucleotide sequence encoding a calcineurin variant of the present disclosure into a
host cell can be carried out in vitro or ex vivo or in vivo. For example, a host cell (e.g., a Treg,
an NK cell, a cytotoxic T lymphocyte, etc.) can be electroporated in vitro or ex vivo with RNA
comprising a nucleotide sequence encoding a calcineurin variant of the present disclosure.

In order to assess the expression of a polypeptide or portions thereof, the expression
vector to be introduced into a cell may also contain either a selectable marker gene or a reporter
gene, or both, to facilitate identification and selection of expressing cells from the population of
cells sought to be transfected or infected through viral vectors. In some embodiments, the
selectable marker may be carried on a separate piece of DNA and used in a co-transfection
procedure. Both selectable markers and reporter genes may be flanked with appropriate
regulatory sequences to enable expression in the host cells. Useful selectable markers include,
without limitation, antibiotic-resistance genes.

Reporter genes are used for identifying potentially transfected cells and for evaluating
the functionality of regulatory sequences. In general, a reporter gene is a gene that is not
present in or expressed by the recipient organism or tissue and that encodes a polypeptide
whose expression is manifested by some easily detectable property, e.g., enzymatic activity.
Expression of the reporter gene is assessed at a suitable time after the DNA has been
introduced into the recipient cells. Suitable reporter genes may include, without limitation,
genes encoding luciferase, beta-galactosidase, chloramphenicol acetyl transferase, secreted
alkaline phosphatase, or the green fluorescent protein gene (e.g., Ui-Tei et al., 2000 FEBS
Letters 479: 79-82).

E. SOURCES OF CELLS

Cells suitable for the present invention include without limitation, naive cells, effector

memory cells, central memory cells, stem central memory cells, effector memory cells, and

long-lived effector memory cells. In some embodiments, the cells include without limitation,
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immune suppressive cells, such as regulatory T cells (Tregs), non-Tregs modified to be directly
immune suppressive (e.g., via secretion of IL-10 or TGF-B), and non-Tregs modified to be
indirectly immune suppressive (e.g., cytotoxic T lymphocytes (CTLs) that kill antigen presenting
cells (APCs)). In some embodiments, the cells include without limitation, dendritic cells, myeloid
derived suppressor cells, immunoregulatory macrophages, mesenchymal stem cells, multi-
potent adult progenitor cells, embryonic stem cells, induced pluripotent stem cells, innate
lymphoid cells, invariant natural killer (NK) T cells. In some embodiments, the cells include
hematopoietic cells and precursor cells thereof.

Prior to expansion, a source of immune cells is obtained from a subject for ex vivo
manipulation. Sources of target cells for ex vivo manipulation may also include, e.g., autologous
or heterologous donor blood, cord blood, or bone marrow. For example the source of immune
cells may be from the subject to be treated with the modified immune cells of the invention, e.g.,
the subject's blood, the subject's cord blood, or the subject's bone marrow. Non-limiting
examples of subjects include humans, dogs, cats, mice, rats, and transgenic species thereof.
Preferably, the subject is a human.

Immune cells can be obtained from a number of sources, including blood, peripheral
blood mononuclear cells, bone marrow, lymph node tissue, spleen tissue, umbilical cord, lymph,
or lymphoid organs. Immune cells are cells of the immune system, such as cells of the innate or
adaptive immunity, e.g., myeloid or lymphoid cells, including lymphocytes, typically T cells
and/or NK cells. Other exemplary cells include stem cells, such as multipotent and pluripotent
stem cells, including embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs).
In some aspects, the cells are human cells. With reference to the subject to be treated, the cells
may be allogeneic and/or autologous. The cells typically are primary cells, such as those
isolated directly from a subject and/or isolated from a subject and frozen.

In certain embodiments, the immune cell is a T cell, e.g., aCD8+ T cell (e.g., a CD8+
naive T cell, central memory T cell, or effector memory T cell), a CD4+ T cell, a natural killer T
cell (NKT cells), a regulatory T cell (Treg), a stem cell memory T cell, a lymphoid progenitor cell
a hematopoietic stem cell, a natural killer cell (NK cell) or a dendritic cell. In some embodiments,
the cells are monocytes or granulocytes, e.g., myeloid cells, macrophages, neutrophils, dendritic
cells, mast cells, eosinophils, and/or basophils. In an embodiment, the target cell is an induced
pluripotent stem (iPS) cell or a cell derived from an iPS cell, e.g., an iPS cell generated from a
subject, manipulated to alter (e.g., induce a mutation in) or manipulate the expression of one or

more target genes, and differentiated into, e.g., a T cell, e.g., a CD8+ T cell (e.g., a CD8+ naive
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T cell, central memory T cell, or effector memory T cell), a CD4+ T cell, a stem cell memory T
cell, a lymphoid progenitor cell or a hematopoietic stem cell.

In some embodiments, the cells include one or more subsets of T cells or other cell
types, such as whole T cell populations, CD4+ cells, CD8+ cells, and subpopulations thereof,
such as those defined by function, activation state, maturity, potential for differentiation,
expansion, recirculation, localization, and/or persistence capacities, antigen- specificity, type of
antigen receptor, presence in a particular organ or compartment, marker or cytokine secretion
profile, and/or degree of differentiation. Among the sub-types and subpopulations of T cells
and/or of CD4+ and/or of CD8+ T cells are naive T (TN) cells, effector T cells (TEFF), memory T
cells and sub-types thereof, such as stem cell memory T (TSCM), central memory T (TCM),
effector memory T (TEM), or terminally differentiated effector memory T cells, tumor-infiltrating
lymphocytes (TIL), immature T cells, mature T cells, helper T cells, cytotoxic T cells, mucosa-
associated invariant T (MAIT) cells, naturally occurring and adaptive regulatory T (Treg) cells,
helper T cells, such as TH1 cells, TH2 cells, TH3 cells, TH17 cells, TH9 cells, TH22 cells,
follicular helper T cells, alpha/beta T cells, and delta/gamma T cells. In certain embodiments,
any number of T cell lines available in the art, may be used.

In some embodiments, the methods include isolating immune cells from the subject,
preparing, processing, culturing, and/or engineering them. In some embodiments, preparation of
the engineered cells includes one or more culture and/or preparation steps. The cells for
engineering as described may be isolated from a sample, such as a biological sample, e.g., one
obtained from or derived from a subject. In some embodiments, the subject from which the cell
is isolated is one having the disease or condition or in need of a cell therapy or to which cell
therapy will be administered. The subject in some embodiments is a human in need of a
particular therapeutic intervention, such as the adoptive cell therapy for which cells are being
isolated, processed, and/or engineered. Accordingly, the cells in some embodiments are
primary cells, e.g., primary human cells. The samples include tissue, fluid, and other samples
taken directly from the subject, as well as samples resulting from one or more processing steps,
such as separation, centrifugation, genetic engineering (e.g. transduction with viral vector),
washing, and/or incubation. The biological sample can be a sample obtained directly from a
biological source or a sample that is processed. Biological samples include, but are not limited
to, body fluids, such as blood, plasma, serum, cerebrospinal fluid, synovial fluid, urine and

sweat, tissue and organ samples, including processed samples derived therefrom.
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In some aspects, the sample from which the cells are derived or isolated is blood or a
blood-derived sample, oris or is derived from an apheresis or leukapheresis product. Exemplary
samples include whole blood, peripheral blood mononuclear cells (PBMCs), leukocytes, bone
marrow, thymus, tissue biopsy, tumor, leukemia, lymphoma, lymph node, gut associated
lymphoid tissue, mucosa associated lymphoid tissue, spleen, other lymphoid tissues, liver, lung,
stomach, intestine, colon, kidney, pancreas, breast, bone, prostate, cervix, testes, ovaries,
tonsil, or other organ, and/or cells derived therefrom. Samples include, in the context of cell
therapy, e.g., adoptive cell therapy, samples from autologous and allogeneic sources.

In some embodiments, the cells are derived from cell lines, e.g., T cell lines. The cells in
some embodiments are obtained from a xenogeneic source, for example, from mouse, rat, non-
human primate, and pig. In some embodiments, isolation of the cells includes one or more
preparation and/or non-affinity based cell separation steps. In some examples, cells are
washed, centrifuged, and/or incubated in the presence of one or more reagents, for example, to
remove unwanted components, enrich for desired components, lyse or remove cells sensitive to
particular reagents. In some examples, cells are separated based on one or more property,
such as density, adherent properties, size, sensitivity and/or resistance to particular
components.

In some examples, cells from the circulating blood of a subject are obtained, e.g., by
apheresis or leukapheresis. The samples, in some aspects, contain lymphocytes, including T
cells, monocytes, granulocytes, B cells, other nucleated white blood cells, red blood cells,
and/or platelets, and in some aspects contains cells other than red blood cells and platelets. In
some embodiments, the blood cells collected from the subject are washed, e.g., to remove the
plasma fraction and to place the cells in an appropriate buffer or media for subsequent
processing steps. In some embodiments, the cells are washed with phosphate buffered saline
(PBS). In some aspects, a washing step is accomplished by tangential flow filtration (TFF)
according to the manufacturer's instructions. In some embodiments, the cells are resuspended
in a variety of biocompatible buffers after washing. In certain embodiments, components of a
blood cell sample are removed and the cells directly resuspended in culture media. In some
embodiments, the methods include density-based cell separation methods, such as the
preparation of white blood cells from peripheral blood by lysing the red blood cells and
centrifugation through a Percoll or Ficoll gradient.

In one embodiment, immune cells are obtained from the circulating blood of an individual

are obtained by apheresis or leukapheresis. The apheresis product typically contains
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lymphocytes, including T cells, monocytes, granulocytes, B cells, other nucleated white blood
cells, red blood cells, and platelets. The cells collected by apheresis may be washed to remove
the plasma fraction and to place the cells in an appropriate buffer or media, such as phosphate
buffered saline (PBS) or wash solution lacks calcium and may lack magnesium or may lack
many if not all divalent cations, for subsequent processing steps. After washing, the cells may
be resuspended in a variety of biocompatible buffers, such as, for example, Ca-free, Mg-free
PBS. Alternatively, the undesirable components of the apheresis sample may be removed and
the cells directly resuspended in culture media.

In some embodiments, the isolation methods include the separation of different cell
types based on the expression or presence in the cell of one or more specific molecules, such
as surface markers, e.g., surface proteins, intracellular markers, or nucleic acid. In some
embodiments, any known method for separation based on such markers may be used. In some
embodiments, the separation is affinity- or immunoaffinity-based separation. For example, the
isolation in some aspects includes separation of cells and cell populations based on the cells'
expression or expression level of one or more markers, typically cell surface markers, for
example, by incubation with an antibody or binding partner that specifically binds to such
markers, followed generally by washing steps and separation of cells having bound the antibody
or binding partner, from those cells having not bound to the antibody or binding partner.

Such separation steps can be based on positive selection, in which the cells having
bound the reagents are retained for further use, and/or negative selection, in which the cells
having not bound to the antibody or binding partner are retained. In some examples, both
fractions are retained for further use. In some aspects, negative selection can be particularly
useful where no antibody is available that specifically identifies a cell type in a heterogeneous
population, such that separation is best carried out based on markers expressed by cells other
than the desired population. The separation need not result in 100% enrichment or removal of a
particular cell population or cells expressing a particular marker. For example, positive selection
of or enrichment for cells of a particular type, such as those expressing a marker, refers to
increasing the number or percentage of such cells, but need not result in a complete absence of
cells not expressing the marker. Likewise, negative selection, removal, or depletion of cells of a
particular type, such as those expressing a marker, refers to decreasing the number or
percentage of such cells, but need not result in a complete removal of all such cells.

In some examples, multiple rounds of separation steps are carried out, where the

positively or negatively selected fraction from one step is subjected to another separation step,
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such as a subsequent positive or negative selection. In some examples, a single separation
step can deplete cells expressing multiple markers simultaneously, such as by incubating cells
with a plurality of antibodies or binding partners, each specific for a marker targeted for negative
selection. Likewise, multiple cell types can simultaneously be positively selected by incubating
cells with a plurality of antibodies or binding partners expressed on the various cell types.

In some embodiments, one or more of the T cell populations is enriched for or depleted
of cells that are positive for (marker+) or express high levels (marker"s") of one or more
particular markers, such as surface markers, or that are negative for (marker -) or express
relatively low levels (marker'") of one or more markers. For example, in some aspects, specific
subpopulations of T cells, such as cells positive or expressing high levels of one or more
surface markers, e.g., CD28+, CD62L+, CCR7+, CD27+, CD127+, CD4+, CD8+, CD45RA+,
and/or CD45RO+ T cells, are isolated by positive or negative selection techniques. In some
cases, such markers are those that are absent or expressed at relatively low levels on certain
populations of T cells (such as non-memory cells) but are present or expressed at relatively
higher levels on certain other populations of T cells (such as memory cells). In one embodiment,
the cells (such as the CD8+ cells or the T cells, e.g., CD3+ cells) are enriched for (i.e., positively
selected for) cells that are positive or expressing high surface levels of CD45R0O, CCR7, CD28,
CD27, CD44, CD 127, and/or CD62L and/or depleted of (e.g., negatively selected for) cells that
are positive for or express high surface levels of CD45RA. In some embodiments, cells are
enriched for or depleted of cells positive or expressing high surface levels of CD 122, CD95,
CD25, CD27, and/or IL7-Ra (CD 127). In some examples, CD8+ T cells are enriched for cells
positive for CD45RO (or negative for CD45RA) and for CD62L. For example, CD3+, CD28+ T
cells can be positively selected using CD3/CD28 conjugated magnetic beads (e.g.,
DYNABEADS® M-450 CD3/CD28 T Cell Expander).

In some embodiments, T cells are separated from a PBMC sample by negative selection
of markers expressed on non-T cells, such as B cells, monocytes, or other white blood cells,
such as CD14. In some aspects, a CD4+ or CD8+ selection step is used to separate CD4+
helper and CD8+ cytotoxic T cells. Such CD4+ and CD8+ populations can be further sorted into
sub-populations by positive or negative selection for markers expressed or expressed to a
relatively higher degree on one or more naive, memory, and/or effector T cell subpopulations. In
some embodiments, CD8+ cells are further enriched for or depleted of naive, central memory,
effector memory, and/or central memory stem cells, such as by positive or negative selection

based on surface antigens associated with the respective subpopulation. In some embodiments,
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enrichment for central memory T (TCM) cells is carried out to increase efficacy, such as to
improve long-term survival, expansion, and/or engraftment following administration, which in
some aspects is particularly robust in such sub-populations. In some embodiments, combining
TCM-enriched CD8+ T cells and CD4+ T cells further enhances efficacy.

In embodiments, memory T cells are present in both CD62L+ and CD62L- subsets of
CD8+ peripheral blood lymphocytes. PBMC can be enriched for or depleted of CD62L-CD8+
and/or CD62L+CD8+ fractions, such as using anti-CD8 and anti-CD62L antibodies. In some
embodiments, a CD4+ T cell population and a CD8+ T cell sub-population, e.g., a sub-
population enriched for central memory (TCM) cells. In some embodiments, the enrichment for
central memory T (TCM) cells is based on positive or high surface expression of CD45R0O,
CD62L, CCR7, CD28, CD3, and/or CD127; in some aspects, it is based on negative selection
for cells expressing or highly expressing CD45RA and/or granzyme B. In some aspects,
isolation of a CD8+ population enriched for TCM cells is carried out by depletion of cells
expressing CD4, CD14, CD45RA, and positive selection or enrichment for cells expressing
CD862L. In one aspect, enrichment for central memory T (TCM) cells is carried out starting with a
negative fraction of cells selected based on CD4 expression, which is subjected to a negative
selection based on expression of CD14 and CD45RA, and a positive selection based on
CD62L. Such selections in some aspects are carried out simultaneously and in other aspects
are carried out sequentially, in either order. In some aspects, the same CD4 expression-based
selection step used in preparing the CD8+ cell population or subpopulation, also is used to
generate the CD4+ cell population or sub-population, such that both the positive and negative
fractions from the CD4-based separation are retained and used in subsequent steps of the
methods, optionally following one or more further positive or negative selection steps.

CD4+ T helper cells are sorted into naive, central memory, and effector cells by
identifying cell populations that have cell surface antigens. CD4+ lymphocytes can be obtained
by standard methods. In some embodiments, naive CD4+ T lymphocytes are CD45RO-,
CD45RA+, CDB2L+, CD4+ T cells. In some embodiments, central memory CD4+ cells are
CD62L+ and CD45R0O+. In some embodiments, effector CD4+ cells are CD62L- and CD45R0.
In one example, to enrich for CD4+ cells by negative selection, a monoclonal antibody cocktail
typically includes antibodies to CD14, CD20, CDI Ib, CD16, HLA-DR, and CD8. In some
embodiments, the antibody or binding partner is bound to a solid support or matrix, such as a
magnetic bead or paramagnetic bead, to allow for separation of cells for positive and/or

negative selection.
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In some embodiments, the cells are incubated and/or cultured prior to or in connection
with genetic engineering. The incubation steps can include culture, cultivation, stimulation,
activation, and/or propagation. In some embodiments, the compositions or cells are incubated in
the presence of stimulating conditions or a stimulatory agent. Such conditions include those
designed to induce proliferation, expansion, activation, and/or survival of cells in the population,
to mimic antigen exposure, and/or to prime the cells for genetic engineering, such as for the
introduction of a recombinant antigen receptor. The conditions can include one or more of
particular media, temperature, oxygen content, carbon dioxide content, time, agents, e.g.,
nutrients, amino acids, antibiotics, ions, and/or stimulatory factors, such as cytokines,
chemokines, antigens, binding partners, fusion proteins, recombinant soluble receptors, and any
other agents designed to activate the cells. In some embodiments, the stimulating conditions or
agents include one or more agent, e.g., ligand, which is capable of activating an intracellular
signaling domain of a TCR complex. In some aspects, the agent turns on or initiates TCR/CD3
intracellular signaling cascade in a T cell. Such agents can include antibodies, such as those
specific for a TCR component and/or costimulatory receptor, e.g., anti-CD3, anti-CD28, for
example, bound to solid support such as a bead, and/or one or more cytokines. Optionally, the
expansion method may further comprise the step of adding anti-CD3 and/or anti CD28 antibody
to the culture medium (e.g., at a concentration of at least about 0.5 ng/ml). In some
embodiments, the stimulating agents include IL-2 and/or IL-15, for example, an IL-2
concentration of at least about 10 units/mL.

In another embodiment, T cells are isolated from peripheral blood by lysing the red blood
cells and depleting the monocytes, for example, by centrifugation through a PERCOLL™
gradient. Alternatively, T cells can be isolated from an umbilical cord. In any event, a specific
subpopulation of T cells can be further isolated by positive or negative selection techniques.

The cord blood mononuclear cells so isolated can be depleted of cells expressing certain
antigens, including, but not limited to, CD34, CD8, CD14, CD19, and CD56. Depletion of these
cells can be accomplished using an isolated antibody, a biological sample comprising an
antibody, such as ascites, an antibody bound to a physical support, and a cell bound antibody.

Enrichment of a T cell population by negative selection can be accomplished using a
combination of antibodies directed to surface markers unique to the negatively selected cells. A
preferred method is cell sorting and/or selection via negative magnetic immunoadherence or
flow cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers

present on the cells negatively selected. For example, to enrich for CD4* cells by negative
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selection, a monoclonal antibody cocktail typically includes antibodies to CD14, CD20, CD11b,
CD16, HLA-DR, and CD8.

For isolation of a desired population of cells by positive or negative selection, the
concentration of cells and surface (e.g., particles such as beads) can be varied. In certain
embodiments, it may be desirable to significantly decrease the volume in which beads and cells
are mixed together (i.e., increase the concentration of cells), to ensure maximum contact of cells
and beads. For example, in one embodiment, a concentration of 2 billion cells/ml is used. In
one embodiment, a concentration of 1 billion cells/ml is used. In a further embodiment, greater
than 100 million cells/ml is used. In a further embodiment, a concentration of cells of 10, 15, 20,
25, 30, 35, 40, 45, or 50 million cells/ml is used. In yet another embodiment, a concentration of
cells from 75, 80, 85, 90, 95, or 100 million cells/ml is used. In further embodiments,
concentrations of 125 or 150 million cells/ml can be used. Using high concentrations can result
in increased cell yield, cell activation, and cell expansion.

T cells can also be frozen after the washing step, which does not require the monocyte-
removal step. While not wishing to be bound by theory, the freeze and subsequent thaw step
provides a more uniform product by removing granulocytes and to some extent monocytes in
the cell population. After the washing step that removes plasma and platelets, the cells may be
suspended in a freezing solution. While many freezing solutions and parameters are known in
the art and will be useful in this context, in a non-limiting example, one method involves using
PBS containing 20% DMSO and 8% human serum albumin, or other suitable cell freezing
media. The cells are then frozen to -80°C at a rate of 1°C per minute and stored in the vapor
phase of a liquid nitrogen storage tank. Other methods of controlled freezing may be used as
well as uncontrolled freezing immediately at -20°C or in liquid nitrogen.

In one embodiment, the population of T cells is comprised within cells such as peripheral
blood mononuclear cells, cord blood cells, a purified population of T cells, and a T cell line. In
another embodiment, peripheral blood mononuclear cells comprise the population of T cells. In
yet another embodiment, purified T cells comprise the population of T cells.

In certain embodiments, T regulatory cells (Tregs) can be isolated from a sample. The
sample can include, but is not limited to, umbilical cord blood or peripheral blood. In certain
embodiments, the Tregs are isolated by flow-cytometry sorting. The sample can be enriched for
Tregs prior to isolation by any means known in the art. The isolated Tregs can be

cryopreserved, and/or expanded prior to use. Methods for isolating Tregs are described in U.S.
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Patent Numbers: 7,754,482, 8,722,400, and 9,555,105, and U.S. Patent Application No.

13/639,927, contents of which are incorporated herein in their entirety.

F. EXPANSION OF CELLS

Whether prior to or after modification of cells, the cells, e.g., immune cells can be

activated and expanded in number using methods as described, for example, in U.S. Patent
Nos. 6,352,694, 6,534,055; 6,905,680; 6,692,964; 5,858,358; 6,887,466; 6,905,681 ; 7,144,575,
7,067,318; 7,172,869; 7,232,566, 7,175,843; 5,883,223; 6,905,874; 6,797,514; 6,867,041; and
U.S. Publication No. 20060121005.

Examples of methods for expanding Treg cells are well known to the skilled artisan, and
include, but are not limited to: use of stimulatory antibodies, commonly anti-CD3 and anti-CD28,
absorbed on magnetic beads or nanoparticles and use of stimulatory cytokines (commonly from
the group of IL-2, IL-15 and IL-4); use of stimulatory antibodies, commonly anti-CD3 and anti-
CD28, and use of ligands specific for the stimulatory antibodies absorbed on magnetic beads or
nanoparticles and use of stimulatory cytokines (commonly from the group of IL- 2, IL-15 and IL-
4); use of stimulatory antibodies, commonly anti-CD3 and anti-CD28, coated on a surface of a
cell culture vessel and use of stimulatory cytokines (commonly from the group of IL-2, IL-15 and
IL-4); and use of feeder cells, as described in W02006/108882, which is incorporated herein by
reference. Examples of methods for differentiating T cells into regulatory T cells are well known
in the art and include, without limitation, exposure to rapamycin, dexamethasone, IL-10, IFN-
alpha, tolerogenic antigen presenting cells such as dendritic cells and the like.

In some embodiments, regulatory T cells may be obtained by the method described in
Wakkach et al (Immunity 2003 May; 18(5):605-17), and comprising the steps of: a) isolating a
progenitor cell population from a subject; b) obtaining a population of dendritic cells by culturing
the progenitor cell population in the presence of IL-10 (in a concentration ranging from 50 to 250
U/ml, preferably at 100 U/ml in the culture medium); c) contacting cells of step b) with a CD4+ T
lymphocyte population isolated from the subject in the presence of a specific antigen, to allow
differentiation of CD4+ T cells directed to the antigen into the regulatory T cell population; and
d) recovering the regulatory T cell population from the step ¢). The method may also be carried
out using Dexamethasone and Vitamin D3, or tolerogenised or immature DCs instead of the
DCs of step b).

In some embodiments, regulatory T cells may be obtained by the method described in

the patent US6746670 and comprising the steps of: a) culturing a CD4+ T cell population
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directed to a specific antigen, isolated from a subject in a medium with an appropriate amount of
IFN-alpha (preferably at 5 ng/ml of culture medium); and b) recovering the regulatory T cell
population. In step a), the medium may further comprise an appropriate amount of IL-10,
preferably at IOO U/ml. In step b), the regulatory T cell population may be cultured in @ medium
comprising IL- 15 to allow proliferation, IL- 15 being preferably at 5 ng/ml in the medium.

In some embodiments, regulatory T cells may be obtained by the method described in
the patent application W002/092793 and comprising the steps of: a) in vitro activating a CD4+ T
cell population in presence of a specific antigen, presented by artificial antigen presenting cells;
and b) recovering an activated CD4+ T cells comprising at least 10% of regulatory T cells. In
some embodiments, the artificial antigen presenting cells express a HLA Il system molecule and
a human LFA-3 molecule and do not express the co-stimulation molecules B7-1, B7-2, B7-H1,
CD40, CD23 and ICAM-I.

In some embodiments, regulatory T cells may be obtained by the method described in
Groux et al. (Nature 1997, 389(6652):737-42), and comprising the steps of: a) in vitro activating
a CD4+ T cell population in presence of a specific antigen and an appropriate amount of IL-10
(preferably at 100 U/ml of culture medium); and b) recovering the regulatory T cell population.
Preferably, IL-10 is present in the medium.

In some embodiments, regulatory T cells may be obtained by the method described in
the patent application W02007/010406, comprising the steps of: a) stimulating a leukocyte
population or a peripheral blood mononuclear cell (PBMC) population with a specific antigen; b)
recovering the antigen-specific Treg cell population from the stimulated population; and c)
optionally expanding the antigen-specific Treg cell population.

Other methods of obtaining regulatory T cells are known in the art, including, for
example, inducing the generation of Tregs from non-Treg populations as described in U.S.
Patent No. 9,228,172 and U.S. Publication No. US201601571471A1.

In some embodiments, ex vivo culture-expanded regulatory T cells may be obtained by
the methods described in U.S. Patent Nos. 7,651,855, 8,129,185, and 9,181,526. In some
embodiments, regulatory T cells may be isolated from a population of cells obtained from cord
blood, as described in U.S. Patent Nos. 9,273,282, and 9,187,727. Methods to expand
regulatory T cells are also described in U.S. Publication No. 20130101567. In some
embodiments, Tregs may be obtained by converting non-Tregs into Tregs according to the
methods described in U.S. Patent No. 9,228,172 and U.S. Publication No. 20160151471. In

some embodiments, a regulatory T cell can be obtained by converting T cells into Tregs,
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according to the methods described in U.S. Patent No. 9,644,179 and U.S. Publication No.
20170211042.

Leukocytes encompass several types of cells, which are characterized by their
importance, their distribution, their number, their lifetime and their potentiality. These types are
the following : the polynuclear or granular leukocytes, among which one finds the eosinophilic,
the neutrophilic and the basophilic leukocytes, and the mononuclear cells, or peripheral blood
mononuclear cells (PBMCs), which are large white blood cells and consist in the major cell
types of the immune system (lymphocytes and monocytes). The leukocytes or the PBMCs can
be separated from the peripheral blood by any method known to those skilled in the art.
Advantageously, for the separation of the PBMCs, centrifugation may be used, preferably
density gradient centrifugation, preferably discontinuous density gradient centrifugation. An
alternative is the use of specific monoclonal antibodies. In certain embodiments PBMC are
typically isolated from the whole blood product by means of Ficoll-Hypaque, using standard
procedures. In other embodiments the PBMCs are recovered by means of leukapheresis.

In some embodiments, regulatory T cells may be obtained by: a) culturing a leukocyte
population or a peripheral blood mononuclear cell (PBMC) population with mesenchymal stem
cells in the presence of a specific antigen; and b) recovering the Treg cell population. Such a
method can also be carried out with naive or memory T cells instead of PBMC or leukocytes.

In some embodiments, Treg cells can be obtained by culturing T cells in the presence of
IL-2 and TGF-beta (Davidson et al. The Journal of Immunology, 2007, 178:4022-4026). In
another embodiment, Treg cells can be obtained by culturing T cells in the presence of TGF-
beta.

Expanding cells by the methods disclosed herein can be multiplied by about 10 fold, 20
fold, 30 fold, 40 fold, 50 fold, 60 fold, 70 fold, 80 fold, 90 fold, 100 fold, 200 fold, 300 fold, 400
fold, 500 fold, 600 fold, 700 fold, 800 fold, 900 fold, 1000 fold, 2000 fold, 3000 fold, 4000 fold,
5000 fold, 6000 fold, 7000 fold, 8000 fold, 9000 fold, 10,000 fold, 100,000 fold, 1,000,000 fold,
10,000,000 fold, or greater, and any and all whole or partial integers therebetween.

Following culturing, the cells can be incubated in cell medium in a culture apparatus for a
period of time or until the cells reach confluency or high cell density for optimal passage before
passing the cells to another culture apparatus. The culturing apparatus can be of any culture
apparatus commonly used for culturing cells in vitro. Preferably, the level of confluence is 70%
or greater before passing the cells to another culture apparatus. More preferably, the level of

confluence is 90% or greater. A period of time can be any time suitable for the culture of cells in
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vitro. The cell medium may be replaced during the culture of the cells at any time. Preferably,
the cell medium is replaced about every 2 to 3 days. The cells are then harvested from the
culture apparatus whereupon cells can be used immediately or cryopreserved to be stored for
use at a later time. In one embodiment, the invention includes cryopreserving the expanded
cells. The cryopreserved cells are thawed prior to introducing nucleic acids into the cell.

In some embodiments, the method comprises isolating cells and expanding the cells. In
another embodiment, the invention further comprises cryopreserving the cells prior to
expansion. In yet another embodiment, the cryopreserved cells are thawed for electroporation
with the RNA encoding the chimeric membrane protein.

The culturing step as described herein (contact with agents as described herein or after
electroporation) can be very short, for example less than 24 hours such as 1, 2, 3, 4, 5,6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23 hours. The culturing step as
described further herein (contact with agents as described herein) can be longer, for example 1,
2,3,4,56,7,8,9, 10, 11,12, 13, 14, or more days.

Various terms are used to describe cells in culture. Cell culture refers generally to cells
taken from a living organism and grown under controlled condition. A primary cell culture is a
culture of cells, tissues or organs taken directly from an organism and before the first
subculture. Cells are expanded in culture when they are placed in a growth medium under
conditions that facilitate cell growth and/or division, resulting in a larger population of the cells.
When cells are expanded in culture, the rate of cell proliferation is typically measured by the
amount of time required for the cells to double in number, otherwise known as the doubling
time.

Each round of subculturing is referred to as a passage. When cells are subcultured,
they are referred to as having been passaged. A specific population of cells, or a cell line, is
sometimes referred to or characterized by the number of times it has been passaged. For
example, a cultured cell population that has been passaged ten times may be referred to as a
P10 culture. The primary culture, i.e., the first culture following the isolation of cells from tissue,
is designated PO. Following the first subculture, the cells are described as a secondary culture
(P1 or passage 1). After the second subculture, the cells become a tertiary culture (P2 or
passage 2), and so on. It will be understood by those of skill in the art that there may be many
population doublings during the period of passaging; therefore the number of population
doublings of a culture is greater than the passage number. The expansion of cells (i.e., the

number of population doublings) during the period between passaging depends on many

82



10

15

20

25

30

CA 03100247 2020-11-12

WO 2019/222513 PCT/US2019/032686

factors, including but is not limited to the seeding density, substrate, medium, and time between
passaging.

In one embodiment, the cells may be cultured for several hours (about 3 hours) to about
14 days or any hourly integer value in between. Conditions appropriate for Treg cell culture
include an appropriate media that may contain factors necessary for proliferation and viability,
and/or any other additives for the growth of cells known to the skilled artisan. Other additives
for the growth of cells include, but are not limited to, surfactant, plasmanate, and reducing
agents such as N-acetyl-cysteine and 2-mercaptoethanol. Media can include RPMI 1640, AIM-
V, DMEM, MEM, a-MEM, F-12, X-Vivo 15, and X-Vivo 20, Optimizer, with added amino acids,
sodium pyruvate, and vitamins, either serum-free or supplemented with an appropriate amount
of serum (or plasma) or a defined set of hormones, and/or an amount of cytokine(s) sufficient for
the growth and expansion of Tregs. Antibiotics, e.g., penicillin and streptomycin, are included
only in experimental cultures, not in cultures of cells that are to be infused into a subject. The
target cells are maintained under conditions necessary to support growth, for example, an
appropriate temperature (e.g., 37°C) and atmosphere (e.g., air plus 5% CO>).

A cell isolated by the methods disclosed herein can be expanded approximately 10 fold,
20 fold, 30 fold, 40 fold, 50 fold, 60 fold, 70 fold, 80 fold, 90 fold, 100 fold, 200 fold, 300 fold, 400
fold, 500 fold, 600 fold, 700 fold, 800 fold, 900 fold, 1000 fold, 2000 fold, 3000 fold, 4000 fold,
5000 fold, 6000 fold, 7000 fold, 8000 fold, 9000 fold, 10,000 fold, 100,000 fold, 1,000,000 fold,
10,000,000 fold, or greater. In one embodiment, the Tregs expand in the range of about 20 fold
to about 50 fold, or more. In one embodiment, human T regulatory cells are expanded via anti-
CD3 antibody coated KT64.86 artificial antigen presenting cells (aAPCs). Methods for
expanding and activating Tregs are described herein.

In one embodiment, the method of expanding the Tregs can further comprise isolating
the expanded Tregs for further applications. In another embodiment, the method of expanding
can further comprise a subsequent electroporation of the expanded Tregs followed by culturing.
The subsequent electroporation may include introducing a nucleic acid encoding an agent, such
as transducing the expanded Tregs, transfecting the expanded Tregs, or electroporating the
expanded Tregs with a nucleic acid, into the expanded population of Tregs, wherein the agent
further stimulates the Treg. The agent may stimulate the Tregs, such as by stimulating further

expansion, or function.

G. METHODS OF TREATMENT
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The modified cells (e.g., Tregs) described herein may be included in a composition for
immunotherapy, in particular suppression immunotherapy. The composition may include a
pharmaceutical composition and further include a pharmaceutically acceptable carrier. A
therapeutically effective amount of the pharmaceutical composition comprising the modified
cells may be administered.

In one aspect, the invention includes a method for adoptive cell transfer therapy
comprising administering to a subject in need thereof a modified T cell of the present invention.
In another aspect, the invention includes a method of treating a disease or condition in a subject
comprising administering to a subject in need thereof a population of modified T cells.

Also included is a method of treating a disease or condition in a subject in need thereof
comprising administering to the subject a genetically edited modified cell (e.g., genetically edited
modified Treg, genetically edited modified Teff). In one embodiment, the method of treating a
disease or condition in a subject in need thereof comprises administering to the subject a
steroid and/or calcineurin inhibitor and/or immunosuppressant drug-resistant cell of the present
disclosure.

Methods for administration of immune cells for adoptive cell therapy are known and may
be used in connection with the provided methods and compositions. For example, adoptive T
cell therapy methods are described, e.g., in US Patent Application Publication No.
2003/0170238 to Gruenberg et al; US Patent No. 4,690,915 to Rosenberg; Rosenberg (2011)
Nat Rev Clin Oncol. 8(10):577-85). See, e.g., Themeli et al. (2013) Nat Biotechnol. 31(10): 928-
933; Tsukahara et al. (2013) Biochem Biophys Res Commun 438(1): 84-9; Davila et al. (2013)
PLoS ONE 8(4): e61338. In some embodiments, the cell therapy, e.g., adoptive T cell therapy is
carried out by autologous transfer, in which the cells are isolated and/or otherwise prepared
from the subject who is to receive the cell therapy, or from a sample derived from such a
subject. Thus, in some aspects, the cells are derived from a subject, e.g., patient, in need of a
treatment and the cells, following isolation and processing are administered to the same subject.

In some embodiments, the cell therapy, e.g., adoptive T cell therapy, is carried out by
allogeneic transfer, in which the cells are isolated and/or otherwise prepared from a subject
other than a subject who is to receive or who ultimately receives the cell therapy, e.g., a first
subject. In such embodiments, the cells then are administered to a different subject, e.g., a
second subject, of the same species. In some embodiments, the first and second subjects are

genetically identical. In some embodiments, the first and second subjects are genetically similar.
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In some embodiments, the second subject expresses the same HLA class or supertype as the
first subject.

In some embodiments, the subject has been treated with a therapeutic agent targeting
the disease or condition, e.g., GVHD, prior to administration of the cells or composition
containing the cells. In some embodiments, the subject is refractory or non-responsive to the
other therapeutic agent. In some embodiments, the subject has persistent or relapsed disease,
e.g., following treatment with another therapeutic intervention, including chemotherapy,
radiation, and/or hematopoietic stem cell transplantation (HSCT), e.g., allogenic HSCT. In
some embodiments, the administration effectively treats the subject despite the subject having
become resistant to another therapy. In some embodiments the subject has been treated with a
standard of care prophylaxis for GVHD, such as a steroid (e.g., glucocorticoid) and/or
calcineurin inhibitor (e.g., FK506, CsA).

In some cases, the cells are genetically edited Teffs as described herein. In some
embodiments, the method comprises administering genetically edited Teffs to a subject to a
hematopoietic stem cell transplant patient treated with glucocorticoids or CaNI. Without being
bound to any particular theory or mode of action, administration of modified Teffs, in which the
glucocorticoid receptor locus has been modified to increase sensitivity to steroids and/or
calcineurin inhibitors, is believed to increase or maintain Teff survival in such patients. In some
cases, the modified Teffs are tumor specific or enriched for a particular tumor type. In some
cases, the modified Teffs are pathogen-specific (e.g., specific to cytomegalovirus or BK virus).

In some embodiments, the subject is responsive to the other therapeutic agent, and
treatment with the therapeutic agent reduces disease burden. In some aspects, the subject is
initially responsive to the therapeutic agent, but exhibits a relapse of the disease or condition
over time. In some embodiments, the subject has not relapsed. In some such embodiments, the
subject is determined to be at risk for relapse, such as at a high risk of relapse, and thus the
cells are administered prophylactically, e.g., to reduce the likelihood of or prevent relapse. In
some aspects, the subject has not received prior treatment with another therapeutic agent.

In some embodiments, the subject has persistent or relapsed disease, e.g., following
treatment with another therapeutic intervention, including chemotherapy, radiation, and/or
hematopoietic stem cell transplantation (HSCT), e.g., allogenic HSCT. In some embodiments,
the administration effectively treats the subject despite the subject having become resistant to

another therapy.
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In some embodiments, the subject has received a stem cell transplant, or is a candidate
for stem cell transplantation. In some embodiments, the subject has received a solid organ
transplant, or is a candidate for solid organ transplantation. In some embodiments, the subject
is suffering from an autoimmune disorder. In some embodiments, the subject is suffering from
graft versus host disease (GVHD). In some embodiments, the subject is suffering from type 1
diabetes.

In one embodiment, the method of treating a disease or condition in a subject in need
thereof comprises administering to the subject a therapeutically effective amount of a steroid
and/or calcineurin inhibitor-resistant cell of the invention. In one embodiment, the method of
treating a disease or condition in a subject in need thereof comprises administering to the
subject a therapeutically effect amount of a steroid and/or calcineurin inhibitor-resistant Treg.

The steroid and/or calcineurin inhibitor-resistant cells of the invention are able to engraft,
survive, persist, and/or proliferate during the conditions of conventional standard(s) of care of
immunotherapies such as administration of glucocorticoids and calcineurin inhibitors that serve
to suppress and/or induce senescence and/or cytotoxicity in cells of the lymphohematopoetic
system. As such, the cells of the invention are able to exert their therapeutic effect for longer
and sustained periods.

When a steroid and/or calcineurin inhibitor-resistant cell of the invention is administered,
the transplanted tissue is protected from rejection. In one embodiment, a steroid and/or
calcineurin inhibitor-resistant cell can mediate persistent immunosuppression. In one
embodiment, a steroid and/or calcineurin inhibitor-resistant cell can suppress T cell proliferation
in response to allogeneic antigens. In some embodiments, upon cell, tissue, and/or organ
transplantation, allogeneic antigens may be ubiquitously expressed on the transplanted cells,
tissues, and/or organs. In such cases, substantial immune cell infiltration into the transplanted
cells, tissues, and/or organs may occur, resulting in destruction of the transplanted cells,
tissues, and/or organs. Accordingly, in some embodiments, a steroid and/or calcineurin
inhibitor-resistant cell of the invention is capable of reducing infiltration of immune cells, and
thus protecting the transplanted cells, tissues, and/or organs from destruction. In some cases,
the transplanted cells, tissues, and/or organs may mediate toxicity. Accordingly, in some
embodiments, a steroid and/or calcineurin inhibitor-resistant cell of the invention is able to
reduce transplanted cells, tissues, and/or organ- mediated toxicity.

Accordingly, the present invention provides a method for achieving a preventative

therapeutic effect in a subject in need thereof, and/or a method for achieving an
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immunosuppressive effect in a subject in need thereof e.g. one who is experiencing an
alloresponse or autoimmune response. In some embodiments, a method for achieving a
preventative therapeutic effect in a subject in need thereof, and/or a method for achieving an
immunosuppressive effect in a subject in need thereof with an alloresponse or autoimmune
response, comprises administering to the subject a steroid and/or calcineurin inhibitor-resistant
cell of the invention.

The methods of the present invention should be construed to include protection from
rejection of any type of transplanted organ, tissue, or cells, including but not limited to lungs,
hearts (e.g., cardiomyocytes), heart valves, skin (e.g., fibroblasts), liver (e.g., hepatocytes),
hand, kidneys, pancreas, intestines, stomach, thymus, bones, tendons, cornea, testes, nerves,
veins, blood (e.g., whole blood, white blood cells, red blood cells, platelets, plasma, serum),
bone marrow (e.g., monocytes, macrophages, mesenchymal stem cells), stem cells (e.g.,
mesenchymal stem cells (MSCs), hematopoietic stem cells (HSCs)), islets of Langerhans cells,
neural cells (e.g., neurons, macroglia, microglia), immune cells (e.g., T cells, Natural Killer (NK)
cells, or NKT (Natural Killer T) cells), and hematopoietic cells, and components thereof. Other
tissues and cell types for which the methods can provide protection from rejection include,
without limitation, epithelial cells, fibroblast cells, neural cells, keratinocytes, hematopoietic cells,
melanocytes, chondrocytes, lymphocytes (B and T), macrophages, monocytes, mononuclear
cells, cardiac muscle cells, other muscle cells, granulosa cells, cumulus cells, epidermal cells,
endothelial cells, Islet of Langerhans cells, pancreatic insulin secreting cells, pancreatic alpha-2
cells, pancreatic beta cells, pancreatic alpha-1 cells, bone cells, bone precursor cells, neuronal
stem cells, primordial stem cells, hepatocytes, aortic endothelial cells, microvascular endothelial
cells, umbilical vein endothelial cells, fibroblasts, liver stellate cells, aortic smooth muscle cells,
cardiac myocytes, neurons, Kupffer cells, smooth muscle cells, Schwann cells, erythrocytes,
platelets, neutrophils, lymphocytes, monocytes, eosinophils, basophils, adipocytes,
chondrocytes, pancreatic islet cells, thyroid cells, parathyroid cells, parotid cells, glial cells,
astrocytes, red blood cells, white blood cells, macrophages, somatic cells, pituitary cells,
adrenal cells, hair cells, bladder cells, kidney cells, retinal cells, rod cells, cone cells, heart cells,
liver cells, pacemaker cells, spleen cells, antigen presenting cells, memory cells, T cells, B cells,
plasma cells, muscle cells, ovarian cells, uterine cells, prostate cells, vaginal epithelial cells,
sperm cells, testicular cells, germ cells, egg cells, leydig cells, peritubular cells, sertoli cells,
lutein cells, cervical cells, endometrial cells, mammary cells, follicle cells, mucous cells, ciliated

cells, nonkeratinized epithelial cells, keratinized epithelial cells, lung cells, goblet cells, columnar
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epithelial cells, dopaminergic cells, squamous epithelial cells, osteocytes, osteoblasts,
osteoclasts, embryonic stem cells, fibroblasts and fibroblasts. The methods of the invention also
include protection against graft versus host disease (GVHD).

In certain embodiments, the subject can be administered, in addition to the steroid
and/or calcineurin inhibitor-resistant cell, a secondary treatment, such as an
immunosuppressive drug. Examples of immunosuppressive drugs include but are not limited to
prednisone, azathioprine, tacrolimus, and cyclosporine A. In some embodiments, the
secondary treatment is a steroid and/or a calcineurin inhibitor. In some embodiments, the
steroid is a corticosteroid. In some embodiments, the steroid is a glucocorticoid selected from
the group consisting of a progesterone-type glucocorticoid, a hydrocortisone-type glucocorticoid,
a methasone-type glucocorticoid, and an acetonide-type glucocorticoid. In some embodiments,
the glucocorticoid is selected from the group consisting of dexamethasone, betamethasone,
hydrocortisone (cortisol), prenisone, prednisolone, loteprednol, deflazacort, methylprednisolone,
triamcinolone, fludrocortisone, and deoxycorticosterone, and derivatives and analogs thereof.

In some embodiments, the calcineurin inhibitor is selected from the group consisting of
cyclosporin, voclosporin, pimecrolimus, and tacrolimus, and derivatives and analogs thereof.

In some embodiments, the subject is provided a secondary treatment. Secondary
treatments include but are not limited to chemotherapy, radiation, surgery, and medications.

Cells of the invention can be administered in dosages and routes and at times to be
determined in appropriate pre-clinical and clinical experimentation and trials. Cell compositions
may be administered multiple times at dosages within these ranges. Administration of the cells
of the invention may be combined with other methods useful to treat the desired disease or
condition as determined by those of skill in the art.

The cells of the invention to be administered may be autologous, with respect to the
subject undergoing therapy.

The administration of the cells of the invention may be carried out in any convenient
manner known to those of skill in the art. The cells of the present invention may be administered
to a subject by aerosol inhalation, injection, ingestion, transfusion, implantation or
transplantation. The compositions described herein may be administered to a patient
transarterially, subcutaneously, intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In other instances, the cells
of the invention are injected directly into a site of inflammation in the subject, a local disease site

in the subject, alymph node, an organ, a tumor, and the like.
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In some embodiments, the cells are administered at a desired dosage, which in some
aspects includes a desired dose or number of cells or cell type(s) and/or a desired ratio of cell
types. Thus, the dosage of cells in some embodiments is based on a total number of cells (or
number per kg body weight) and a desired ratio of the individual populations or sub-types. In
some embodiments, the dosage of cells is based on a desired total number (or number per kg
of body weight) of cells in the individual populations or of individual cell types. In some
embodiments, the dosage is based on a combination of such features, such as a desired
number of total cells, desired ratio, and desired total number of cells in the individual
populations.

In some embodiments, the populations or sub-types of cells are administered at or within
a tolerated difference of a desired dose of total cells, such as a desired dose of T cells. In some
aspects, the desired dose is a desired number of cells or a desired number of cells per unit of
body weight of the subject to whom the cells are administered, e.g., cells/kg. In some aspects,
the desired dose is at or above a minimum number of cells or minimum number of cells per unit
of body weight. In some aspects, among the total cells, administered at the desired dose, the
individual populations or sub-types are present at or near a desired output ratio, e.g., within a
certain tolerated difference or error of such a ratio.

In some embodiments, the cells are administered at or within a tolerated difference of a
desired dose of one or more of the individual populations or sub-types of cells. In some aspects,
the desired dose is a desired number of cells of the sub-type or population, or a desired number
of such cells per unit of body weight of the subject to whom the cells are administered, e.g.,
cells/kg. In some aspects, the desired dose is at or above a minimum number of cells of the
population or subtype, or minimum number of cells of the population or sub-type per unit of body
weight. Thus, in some embodiments, the dosage is based on a desired fixed dose of total cells
and a desired ratio, and/or based on a desired fixed dose of one or more, e.g., each, of the
individual sub-types or sub-populations.

In certain embodiments, the cells, or individual populations of sub-types of cells, are
administered to the subject at a range of about one million to about 100 billion cells, such as,
e.g., 1 million to about 50 billion cells (e.g., about 5 million cells, about 25 million cells, about
500 million cells, about 1 billion cells, about 5 billion cells, about 20 billion cells, about 30 billion
cells, about 40 billion cells, or a range defined by any two of the foregoing values), such as
about 10 million to about 100 billion cells (e.g., about 20 million cells, about 30 million cells,

about 40 million cells, about 60 million cells, about 70 million cells, about 80 million cells, about
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90 million cells, about 10 billion cells, about 25 billion cells, about 50 billion cells, about 75 billion
cells, about 90 billion cells, or a range defined by any two of the foregoing values), and in some
cases about 100 million cells to about 50 billion cells (e.g., about 120 million cells, about 250
million cells, about 350 million cells, about 450 million cells, about 650 million cells, about 800
million cells, about 900 million cells, about 3 billion cells, about 30 billion cells, about 45 billion
cells) or any value in between these ranges.

In some embodiments, the dose of total cells and/or dose of individual sub-populations
of cells is within a range of between at or about 1x105 cells/kg to about 1x10"" cells/kg 10* and
at or about 10" cells/kilograms (kg) body weight, such as between 105 and 108 cells / kg body
weight, for example, at or about 1 x 105 cells/kg, 1.5 x 10° cells/kg, 2 x 105 cells/kg, or 1 x 108
cells/kg body weight. For example, in some embodiments, the cells are administered at, or
within a certain range of error of, between at or about 10* and at or about 10° T cells/kilograms
(kg) body weight, such as between 10° and 108 T cells / kg body weight, for example, at or
about 1 x 10° T cells/kg, 1.5 x 10° T cells/kg, 2 x 10° T cells/kg, or 1 x 108 T cells/kg body
weight. In other exemplary embodiments, a suitable dosage range of modified cells for use in a
method of the present disclosure includes, without limitation, from about 1x105 cells/kg to about
1x10° cells/kg, from about 1x10° cells/kg to about 1x107 cells/kg, from about 1x107 cells/kg
about 1x108 cells/kg, from about 1x108 cells/kg about 1x10° cells/kg, from about 1x10° cells/kg
about 1x10'° cells/kg, from about 1x10'° cells/kg about 1x10' cells/kg. In an exemplary
embodiment, a suitable dosage for use in a method of the present disclosure is about 1x108
cells/kg. In an exemplary embodiment, a suitable dosage for use in a method of the present
disclosure is about 1x107 cells/kg. In other embodiments, a suitable dosage is from about 1x107
total cells to about 5x107 total cells. In some embodiments, a suitable dosage is from about
1x108 total cells to about 5x108 total cells. In some embodiments, a suitable dosage is from
about 1.4x107 total cells to about 1.1x10° total cells. In an exemplary embodiment, a suitable
dosage for use in a method of the present disclosure is about 7x10° total cells.

In some embodiments, the cells are administered at or within a certain range of error of
between at or about 10* and at or about 10° cells/kilograms (kg) body weight, such as between
10% and 1068 cells / kg body weight, for example, at or about 1 x 10° cells/kg, 1.5 x 105 cells/kg, 2
x 105 cells/kg, or 1 x 108 cells/kg body weight. In some embodiments, the cells are administered
at or within a certain range of error of, greater than, and/or at least about 1 x 108, about 2.5 x

108, about 5 x 108, about 7.5 x 108, or about 9 x 108 cells. In some embodiments, the cells are
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administered at or within a certain range of error of between about 10% and 10'? or between
about 10'° and 10" T cells, between about 10° and 102 or between about 10" and 10" cells.

In some embodiments, the cells are administered at or within a tolerated range of a
desired output ratio of multiple cell populations or sub-types. In some aspects, the desired ratio
can be a specific ratio or can be a range of ratios, for example, in some embodiments, the
desired ratio is between at or about 5: 1 and at or about 5: 1 (or greater than about 1:5 and less
than about 5: 1), or between at or about 1:3 and at or about 3: 1 (or greater than about 1:3 and
less than about 3: 1), such as between at or about 2: 1 and at or about 1:5 (or greater than
about 1 :5 and less than about 2: 1, such as at or about 5: 1,4.5:1,4: 1,3.5: 1, 3: 1, 2.5: 1, 2: 1,
19:1,18:1,17:1,16:1,15:1,14:1,13:1,12:1,1.1:1,1:1,1: 1.1,1: 1.2, 1: 1.3, 1:1.4, 1:
15,1.16,1:1.7,1:1.8,1:.1.9: 1:2, 1:2.5, 1:3, 1:3.5, 1:4, 1:4.5, or 1:5. In some aspects, the
tolerated difference is within about 1%, about 2%, about 3%, about 4% about 5%, about 10%,
about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%
of the desired ratio, including any value in between these ranges.

In some embodiments, a dose of modified cells is administered to a subject in need
thereof, in a single dose or multiple doses. In some embodiments, a dose of modified cells is
administered in multiple doses, e.g., once a week or every 7 days, once every 2 weeks or every
14 days, once every 3 weeks or every 21 days, once every 4 weeks or every 28 days. In an
exemplary embodiment, a single dose of modified cells is administered to a subject in need
thereof. In an exemplary embodiment, a single dose of modified cells is administered to a
subject in need thereof by rapid intravenous infusion.

For the prevention or treatment of disease, the appropriate dosage may depend on the
type of disease to be treated, the type of cells or recombinant receptors, the severity and course
of the disease, whether the cells are administered for preventive or therapeutic purposes,
previous therapy, the subject's clinical history and response to the cells, and the discretion of
the attending physician. The compositions and cells are in some embodiments suitably
administered to the subject at one time or over a series of treatments.

In some embodiments, the cells are administered as part of a combination treatment,
such as simultaneously with or sequentially with, in any order, another therapeutic intervention,
such as an antibody or engineered cell or receptor or agent, such as a cytotoxic or therapeutic
agent. The cells in some embodiments are co-administered with one or more additional
therapeutic agents or in connection with another therapeutic intervention, either simultaneously

or sequentially in any order. In some contexts, the cells are co-administered with another
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therapy sufficiently close in time such that the cell populations enhance the effect of one or
more additional therapeutic agents, or vice versa. In some embodiments, the cells are
administered prior to the one or more additional therapeutic agents. In some embodiments, the
cells are administered after the one or more additional therapeutic agents. In some
embodiments, the one or more additional agents includes a cytokine, for example, to enhance
persistence. In some embodiments, the methods comprise administration of a
chemotherapeutic agent.

Following administration of the cells, the biological activity of the engineered cell
populations in some embodiments is measured, e.g., by any of a number of known methods.
Parameters to assess include specific binding of an engineered or natural T cell or other
immune cell to antigen, in vivo, e.g., by imaging, or ex vivo, e.g., by ELISA or flow cytometry. In
certain embodiments, the ability of the engineered cells to destroy target cells can be measured
using any suitable method known in the art, such as cytotoxicity assays described in, for
example, Kochenderfer et al., J. Immunotherapy, 32(7): 689-702 (2009), and Herman et al. J.
Immunological Methods, 285(1): 25-40 (2004). In certain embodiments, the biological activity of
the cells is measured by assaying expression and/or secretion of one or more cytokines. In
some aspects the biological activity is measured by assessing clinical outcome, such as

reduction in tumor burden or load.

H. PHARMACEUTICAL COMPOSITIONS AND FORMULATIONS

Also provided are populations of hematopoietic cells or precursor cells thereof of the

invention, compositions containing such cells and/or enriched for such cells, such as in which
cells expressing the recombinant receptor make up at least 50%, 60%, 70%, 80%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more of the total cells in the composition or
cells of a certain type such as T cells or CD8+ or CD4+ cells. Among the compositions are
pharmaceutical compositions and formulations for administration, such as for adoptive cell
therapy. Also provided are therapeutic methods for administering the cells and compositions to
subjects, e.g., patients.

Also provided are compositions including the cells for administration, including
pharmaceutical compositions and formulations, such as unit dose form compositions including
the number of cells for administration in a given dose or fraction thereof. The pharmaceutical

compositions and formulations generally include one or more optional pharmaceutically
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acceptable carrier or excipient. In some embodiments, the composition includes at least one
additional therapeutic agent.

The term "pharmaceutical formulation" refers to a preparation which is in such form as to
permit the biological activity of an active ingredient contained therein to be effective, and which
contains no additional components which are unacceptably toxic to a subject to which the
formulation would be administered. A "pharmaceutically acceptable carrier” refers to an
ingredient in a pharmaceutical formulation, other than an active ingredient, which is nontoxic to
a subject. A pharmaceutically acceptable carrier includes, but is not limited to, a buffer,
excipient, stabilizer, or preservative. In some aspects, the choice of carrier is determined in part
by the particular cell and/or by the method of administration. Accordingly, there are a variety of
suitable formulations. For example, the pharmaceutical composition can contain preservatives.
Suitable preservatives may include, for example, methylparaben, propylparaben, sodium
benzoate, and benzalkonium chloride. In some aspects, a mixture of two or more preservatives
is used. The preservative or mixtures thereof are typically present in an amount of about
0.0001% to about 2% by weight of the total composition. Carriers are described, e.g., by
Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). Pharmaceutically
acceptable carriers are generally nontoxic to recipients at the dosages and concentrations
employed, and include, but are not limited to: buffers such as phosphate, citrate, and other
organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride;
benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight
(less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides,
and other carbohydrates including glucose, mannose, or dextrins; chelating agents such as
EDTA,; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such
as sodium; metal complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as
polyethylene glycol (PEG).

Buffering agents in some aspects are included in the compositions. Suitable buffering
agents include, for example, citric acid, sodium citrate, phosphoric acid, potassium phosphate,
and various other acids and salts. In some aspects, a mixture of two or more buffering agents is

used. The buffering agent or mixtures thereof are typically present in an amount of about
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0.001% to about 4% by weight of the total composition. Methods for preparing administrable
pharmaceutical compositions are known. Exemplary methods are described in more detail in,
for example, Remington: The Science and Practice of Pharmacy, Lippincott Williams & Wilkins;
21sted. (May 1, 2005).

The formulations can include aqueous solutions. The formulation or composition may
also contain more than one active ingredient useful for the particular indication, disease, or
condition being treated with the cells, preferably those with activities complementary to the cells,
where the respective activities do not adversely affect one another. Such active ingredients are
suitably present in combination in amounts that are effective for the purpose intended. Thus, in
some embodiments, the pharmaceutical composition further includes other pharmaceutically
active agents or drugs, such as chemotherapeutic agents, e.g., asparaginase, busulfan,
carboplatin, cisplatin, daunorubicin, doxorubicin, fluorouracil, gemcitabine, hydroxyurea,
methotrexate, paclitaxel, rituximab, vinblastine, and/or vincristine. The pharmaceutical
composition in some embodiments contains the cells in amounts effective to treat or prevent the
disease or condition, such as a therapeutically effective or prophylactically effective amount.
Therapeutic or prophylactic efficacy in some embodiments is monitored by periodic assessment
of treated subjects. The desired dosage can be delivered by a single bolus administration of the
cells, by multiple bolus administrations of the cells, or by continuous infusion administration of
the cells.

Formulations include those for oral, intravenous, intraperitoneal, subcutaneous,
pulmonary, transdermal, intramuscular, intranasal, buccal, sublingual, or suppository
administration. In some embodiments, the cell populations are administered parenterally. The
term "parenteral," as used herein, includes intravenous, intramuscular, subcutaneous, rectal,
vaginal, and intraperitoneal administration. In some embodiments, the cells are administered to
the subject using peripheral systemic delivery by intravenous, intraperitoneal, or subcutaneous
injection. Compositions in some embodiments are provided as sterile liquid preparations, e.g.,
isotonic aqueous solutions, suspensions, emulsions, dispersions, or viscous compositions,
which may in some aspects be buffered to a selected pH. Liquid preparations are normally
easier to prepare than gels, other viscous compositions, and solid compositions. Additionally,
liquid compositions are somewhat more convenient to administer, especially by injection.
Viscous compositions, on the other hand, can be formulated within the appropriate viscosity
range to provide longer contact periods with specific tissues. Liquid or viscous compositions can

comprise carriers, which can be a solvent or dispersing medium containing, for example, water,
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saline, phosphate buffered saline, polyoi (for example, glycerol, propylene glycol, liquid
polyethylene glycol) and suitable mixtures thereof.

Sterile injectable solutions can be prepared by incorporating the cells in a solvent, such
as in admixture with a suitable carrier, diluent, or excipient such as sterile water, physiological
saline, glucose, dextrose, or the like. The compositions can contain auxiliary substances such
as wetting, dispersing, or emulsifying agents (e.g., methylcellulose), pH buffering agents, gelling
or viscosity enhancing additives, preservatives, flavoring agents, and/or colors, depending upon
the route of administration and the preparation desired. Standard texts may in some aspects be
consulted to prepare suitable preparations.

Various additives which enhance the stability and sterility of the compositions, including
antimicrobial preservatives, antioxidants, chelating agents, and buffers, can be added.
Prevention of the action of microorganisms can be ensured by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, and sorbic acid. Prolonged
absorption of the injectable pharmaceutical form can be brought about by the use of agents
delaying absorption, for example, aluminum monostearate and gelatin.

The formulations to be used for in vivo administration are generally sterile. Sterility may

be readily accomplished, e.g., by filtration through sterile filtration membranes.

J. ANIMAL MODELS

The present invention provides an in vivo animal model of a disease or condition
following the transplantation (e.g., of a cell or tissue). In some embodiments, the animal model
is of a disease or condition following an allogeneic transplantation (e.g., of a cell or tissue). In
some embodiments, the animal model is of a disease or condition following a xenogeneic
transplantation (e.g., of a cell or tissue). In certain embodiments, the present invention provides
an in vivo animal model of graft versus host disease (GVHD) following an allogeneic
transplantation (e.g., of a cell or tissue). In certain embodiments the present invention provides
an in vivo animal model of graft versus host disease (GVHD) following a xenogeneic
transplantation (e.g., of a cell or tissue). The present invention also provides methods of
making such animal models.

In some embodiments, an in vivo animal model of GVHD following an allogeneic or
xenogeneic transplantation comprises an animal comprising a population of allogeneic cells. As
used herein, the term “allogeneic” refers to a material that is genetically dissimilar but of the

same species, which may be immunologically incompatible. For example, an allogeneic cell or
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tissue is a cell or tissue derived from a genetically dissimilar source that is from the same
species. As used herein, the term “xenogeneic” refers to a material that belongs to a different
species. For example, a xenogeneic cell or tissue is a cell or tissue derived from a different
species.

As provided herein, an in vivo animal model of GVHD is a murine model of GVHD. In
some embodiments, the allogeneic cells are allogeneic plasma blood mononuclear cells
(PBMCs). In some embodiments, the xenogeneic cells are xenogeneic PBMCs. In some
embodiments, the murine GVHD model comprises an immunodeficient mouse comprising a
population of allogeneic (i.e., derived from a genetically dissimilar mouse) or xenogeneic (i.e.,
derived from a different species) PBMCs.

Various immunodeficient mouse strains are known in the art, including without limitation,

» u » u

immunodeficient mouse strains of the “nude,” “scid,” “rag-deficient,” and “higher-order,
multigenic” varieties. Nude mice are homozygous for the Foxn1™ mutation. Foxn1 encodes a
transcription factor required for both hair follicle and thymic development. In its absence, mice
are both hairless and athymic. Because the thymus fails to form, there is no place for CD4+ and
CD8+ T cells to differentiate and mature, making nude homozygotes T cell-deficient. Scid mice
are homozygous for the Prkdcs®® mutation. The gene Prkdc encodes the catalytic subunit of
DNA-dependent protein kinase that is required for DNA repair and for sealing the double-
stranded DNA breaks that occur during somatic recombination of T cell receptor (TCR) and
immunoglobulin (Ig) genes. In the absence of Prkdc protein, TCR and Ig genes cannot
rearrange, resulting in mice that are both T and B cell deficient. Rag-deficient mice are mice
that fail to express functional Rag1 or Rag2 proteins. Like the Prkdc gene, both Rag1 and Rag2
are required for somatic recombination of TCR and Ig genes, and the absence of either gene
results in T and B cell deficiency. Mice that carry either the Rag1im™Mom or Rag2t™!-1can mutations
have very similar, if not identical, phenotypes. Higher-order, multigenic immunodeficient mice
are constructed from either Prkdcs®d or Rag-deficient mice, and carry additional
immunodeficiency-enhancing mutations. Among these mice are our NSG and NRG mice, which
carry a specific mutation in the interleukin 2 receptor gamma subunit gene (l12rg™"W) in
combination with the Prkdcs®d and Rag1im™Mom respectively. These mice are B, T and NK cell
deficient. Additionally, because they both have NOD/ShilLtJ genetic backgrounds, they are
hemolytic complement-deficient and carry alleles that adversely affect macrophage and

dendritic cell functions. In certain embodiments, the immunodeficient mouse is a BALB/c

96



10

15

20

25

30

CA 03100247 2020-11-12

WO 2019/222513 PCT/US2019/032686

mouse. In certain embodiments, the immunodeficient mouse is a NOD/Scid/IL-2Rg -/- (NSG)
mouse.

In some embodiments, a population of allogeneic PBMCs can be derived from a donor
mouse that is genetically dissimilar. In certain embodiments, the donor mouse is a C57BL/6
mouse. |n certain embodiments, the population of allogeneic PBMCs is derived from the bone
marrow of a C57BL/6 mouse. Accordingly, an allogeneic GVHD murine model of the present
invention comprises an immunodeficient BALB/c mouse comprising a population of allogeneic
PBMCs derived from the bone marrow of a donor C57BL/6 mouse.

In some embodiments, a population of xenogeneic PBMCs can be derived from a
human. Accordingly, a xenogeneic GVHD murine model of the present invention comprises an
immunodeficient NSG mouse comprising a population of xenogeneic PBMCs derived from a
human.

In some embodiments, a method of making a GVHD animal model of the present
disclosure comprises injecting/administering a population of allogeneic or xenogeneic PBMCs
into a host animal (e.g., mouse). In some embodiments, a method of making a GVHD murine
model of the present disclosure comprises injecting/administering a population of allogeneic or
xenogeneic PBMCs into an immunodeficient mouse. In some embodiments, a method of
making an allogeneic GVHD murine model of the present disclosure comprises
injecting/administering a population of allogeneic PBMCs into an immunodeficient mouse. In
some embodiments, a method of making a xenogeneic GVHD murine model of the present
disclosure comprises injecting/administering a population of xenogeneic PBMCs into an
immunodeficient mouse.

In some embodiments, the immunodeficient mouse is non-lethally irradiated prior to
injection with allogeneic or xenogeneic PBMCs. In certain embodiments, non-lethally irradiating
the immunodeficient mouse comprises subjecting the mouse to a dose of radiation that is about
50 rad to about 200 rad. In some embodiments, non-lethally irradiating the immunodeficient
mouse comprises subjecting the mouse to a dose of radiation that is about 35, about 40, about
45, about 50, about 55, about 60, about 65, about 70, about 80, about 90, about 100, about 110,
about 120, about 130, about 140, about 150, about 160, about 170, about 175, about 180, about
185, about 190, about 195, about 200, about 205, about 210, about 215, about 220, about 225
rad, or any value inbetween. Those of skill in the art will be able to determine the appropriate

non-lethal dosage of radiation to administer to a mouse.
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In certain embodiments, the immunodeficient mouse is injected/administered with about
1 x 10° to about 20 x 108 allogeneic or xenogeneic PBMCs. In some embodiments, the
immunodeficient mouse is injected/administered with about 0.5 x 108, 0.6 x 10°, 0.7 x 108, 0.8 x
10%, 0.9 x 108, 1 x 10%, 1.1 x 108, 1.2 x 108, 1.3 x 10°, 1.4 x 108, 1.5 x 108, 2 x 108, 3 x 108, 4 x
108, 5x 108, 10 x 108, 15 x 108, 16 x 10°, 17 x 108, 18 x 10°, 19 x 108, 19.5 x 108, 19.6 x 108,
19.7 x 108, 19.8 x 108, 19.9 x 108, 20 x 108, 20.1 x 10°, 20.2 x 10°, 20.3 x 10%, 20.4 x 108, 20.5 x
108, 21 x 108, 22 x 10°, 23 x 108, 24 x 108, 25 x 10° allogeneic or xenogeneic PBMCs, or any
value inbetween. Those of skill in the art will be able to determine the appropriate number of
PBMCs to inject into the immunodeficient mouse.

In some embodiments, the survival of a GVHD animal model of the present invention is
reduced when treated with steroids and/or calcineurin inhibitors, as compared to a wild-type
animal. In certain embodiments, the survival of a GVHD murine model of the present invention
is reduced when treated with steroids and/or calcineurin inhibitors, as compared to a wild-type

mouse.

The contents of the articles, patents, and patent applications, and all other documents
and electronically available information mentioned or cited herein, are hereby incorporated by
reference in their entirety to the same extent as if each individual publication was specifically
and individually indicated to be incorporated by reference. Applicants reserve the right to
physically incorporate into this application any and all materials and information from any such
articles, patents, patent applications, or other physical and electronic documents.

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the true spirit and
scope of the invention. It will be readily apparent to those skilled in the art that other suitable
modifications and adaptations of the methods described herein may be made using suitable
equivalents without departing from the scope of the embodiments disclosed herein. In addition,
many modifications may be made to adapt a particular situation, material, composition of matter,
process, process step or steps, to the objective, spirit and scope of the present invention. All
such modifications are intended to be within the scope of the claims appended hereto. Having

now described certain embodiments in detail, the same will be more clearly understood by
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reference to the following examples, which are included for purposes of illustration only and are

not intended to be limiting.
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EXAMPLES
The following experimental examples are not intended to be limiting, and relate to
compositions and methods for generating steroid and/or calcineurin inhibitor resistant immune

cells.

Materials and Methods:

GMP Compliant Tregs

Tregs were purified from human apheresis products in a two step procedure whereby
CD25+ cells (including Tregs) were positively selected using GMP grade mAb-conjugated
magnetic beads and then sorted for naive and memory Treg PB (CD4+25++127-45RA+ and
CD4+25++127-45RA-, respectively) (Fig. 1). Purified cells were stimulated with GMP-quality
artificial antigen presenting cells (aAPC) and cultured for 14 days in high dose IL-2 (300 U/ml).
Expanded Tregs were banked (frozen) on day 14. For the experiments described herein, Tregs
were thawed and re-stimulated with GMP-compliant anti-CD3/28 beads for 7-10 days. Treg
purity and in vitro suppressive function were assessed at the end of the culture. Cultures of
naive and memory Tregs showed similar numbers of Foxp3+ cells, and all cultures were

suppressive in vitro.

Example 1: Dexamethasone effects on Treg survival and expansion

To determine whether Tregs are sensitive to the immunosuppressive effects of
glucocorticoid receptor activation, a source of banked Tregs was generated. The banked Tregs
were generated from magnetic bead enriched peripheral blood cells (4+25++12710 and
variations of CD45RA+ and CD45RA- for naive and effector memory cells, respectively).
Purified Tregs were expanded in a 14 day culture using IL-2, K562-CD64/86 cells loaded with
anti-CD3 mADb to provide greater consistency in replicate experiments. Banked tTregs were
thawed, re-stimulated using anti-CD3/28 mAb beads, and then further expanded for 4 + 1 days
or longer as indicated. Tregs were then split into cultures £ Dexamethasone (Dex: 10, 30, 100
Mg/ml), and relative survival by flow cytometry using a viability dye and counting beads was
assessed after 2-3 days.

Dex decreased Treg numbers in the cultures in a dose-dependent manner (Fig. 2B).
Without being bound by any theory, Treg expansion cultures contained 10-35% Foxp3- cells as
a result of extended culture in the absence of rapamycin and using magnetic beads rather than

flow sorting. To exclude the possibility that the reduction in cell numbers was due to a
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preferential loss of Tregs, the above cultures were also stained with CD127 and Foxp3 and the
relative susceptibility to Dex for Treg (CD4+CD127-Foxp3+) and non-Tregs was determined
(Fig. 2C). Dex treatment did not significantly impact the purity of Treg cultures, indicating that
Treg viability/survival was adversely affected by Dex. The suppressive function of Tregs grown
* 30 pg/ml Dex was tested (Fig. 2D). Exposure of Tregs to Dex in the re-expansion culture

increased suppressive function.

Example 2: Gene targeting strategy

The Nuclear Receptor Subfamily 3, Group C, Member 1 (NR3C7) gene encodes the
glucocorticoid receptor (GR, also known as NR3C1) which is the receptor to which cortisol and
other glucocorticoids bind. The targeting strategy was to disrupt exon two via programmable
nuclease gene disruption and mutagenic DNA repair through the error prone nonhomologous
end-joining pathway (NHEJ). To definitlevly define the conditions for gene targeting application
in Tregs, a comprehensive approach was taken for direct gene disruption of NR3C1 as well as a
novel homology directed repair approach.

A strategy was developed to generate dual drug (steroid and calcineurin inhibitor)
resistance by targeted insertion of a calcineurin inhibitor resistance gene in such a manner that
it disrupted the glucocorticoid receptor locus. To accomplish this, four reagents derived from
the clustered regularly interspaced palindromic repeats (CRISPR)/Cas9 system were designed
for testing. Studies were performed in Jurkat cells in order to optimize the delivery and drug
dosing parameters. Cas9 mRNA with guide RNAs (gRNAs) that were specially modified with
nuclease resistant phosphorothioate bonds to prevent intracellular degradation were tested. In
parallel, Cas9 protein complexed with a gRNA as a ribonucleoprotein (RNP) product was tested.
The two delivery methods were compared for both gene disruption and homology directed
repair (HDR)-based gene editing. After exhaustive dosing, timing, and electroporation condition
optimization Cas9 RNP was identified as the optimal gene disruption and repair platform in
Jurkat cells. This strategy did not require chemically modified gRNAs, and under some
conditions may represent a more streamlined engineering, synthesis, and delivery method for
research and clinical grade genome engineering and cellular manufacturing.

Using these parameters the use of CRISPR/Cas9 engineering of T-cells was pursued
using the experimental schema as shown in Fig. 3A. Human primary T-cells were grown in the
presence of IL-2 and activated with CD3/CD28 beads for 48-72 hours. The CRISPR/Cas9

reagents used a guide RNA transcript (Synthego) and recombinant Cas9 peptide (Aldevron)
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that were delivered using the Neon electroporation device (ThermoFisher). The individual
candidates were located in exon 2 of NR3C7 and were identified through the MIT CRISPR
Design Tool (Fig. 3B). Using the Surveyor nuclease assay to assess nuclease activity (Fig. 3C)
all four candidates were observed to be active as evidenced by Surveyor DNA fragmentation
products (Fig. 3D). The two candidates identified, termed GR1 and GR2, exhibited the highest
activity levels (Fig. 3D).

Example 3: CRISPR/Cas9-mediated NR3C1 knockout in Tregs

To determine whether the GR1 and GR2 guides were also capable of knocking out the

NR3C1 locus in cultures of clinically-relevant Tregs, banked Tregs were thawed and re-
stimulated with anti-CD3/28 beads in high dose IL-2 (300 U/ml). On day 3, the Tregs were
electroporated as above in the absence or presence of GR1 or GR2 GRISPR/Cas9 RNP and
returned to culture in optimal expansion conditions. After 2 days, Treg cultures were harvested
and were re-cultured £ Dexamethasone (30 ug/ml) for an additional 48 hours (7 days total), at
which time cultures were harvested, and relative survival was assessed by flow cytometry using
a viability dye and counting beads. The dose of 30 ug/mL was identified by performing beta
testing in Jurkat and primary T-cells that had undergone CRISPR/Cas9 gene modification and
Dexamethasone dosing from 0-100 ug/mL. As shown in Fig. 4B, Tregs electroporated with
GR2 CRISPR/Cas9 had significantly increased survival in the presence of Dexamathasone.
CRISPR/Cas9 gene repair by non-homologous endjoining results in insertions and deletions
(indel) proximal to the gRNA binding site. As such, the indel pattern using a sequence trace
decomposition algorithm called TIDE (tracking of indels by decomposition) was assessed. Pre-
and post-Dexamethasone exposure samples were analyzed (Figs. 4C and 4D, respectively).
The frequency of out of frame indels that are predicted to result in gene inactivation in Tregs
prior to Dexamathasone addition was ~35%, which is similar to what was experimentally
observed for peripheral blood T cells treated with GR2 GRISPR/Cas9 reagents (~40%).
Following culture in Dexamethasone, the frequency of indels increased to 44%. Without being
bound by any theory, this indicates preferential survival of gene modified Tregs. Cells that

acquired Dexamethasone resistance also showed an enrichment of out of frame indels.

Example 4. Homology directed repair in Tregs

To achieve dual drug (steroid and calcineurin inhibitor ) resistance, Jurkat and primary T-

cells were used to define the conditions for optimal homology directed repair (HDR). Cas9
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MRNA and Cas9 RNP approaches were compared and assessed for their ability to facilitate
HDR using a reporter HDR construct at the human AAVS1 locus. In these studies, Cas9 RNP
followed by immediate addition of an AAV viral donor template was observed to result in
maximal (>65% HDR rates). The HDR template was designed and is as shown in Fig. 5A, and
contained the calcineurin resistance gene coexpressed with GFP and driven by the MND
promoter. Flanking the calcineurin resistance gene were donor targeting arms homologous to
the NR3C1 gene such that insertion disrupted exon 2 with concomitant deletion of 21 amino
acids (Fig. 5A). To define the conditions for HDR in Tregs culture conditions that were optimal
for AAV transduction (Treg density of 2 x 108 cells/ml) were employed. The donor was
packaged in AAV-6 serotype viral particles and added to Tregs, at various multiplicities of
infection (MOI) that had been electroporated with the GR2 gRNA and Cas9 protein. Using an
inside-out PCR strategy with one PCR primer inside the donor and the other located outside the
donor at the adjacent genomic locus HDR was observed in Tregs at each MOI (Fig. 5B).

Sanger sequencing showed the junction of the donor arm with the endogenous locus (Fig. 5C).

Example 5: HDR in Tregs using GR2-Cas9 and AAV under optimal Treg expansion conditions

To optimize HDR in a clinically relevant culture setting, banked Tregs were thawed,
stimulated, expanded for 2 days, and then electroporated with GR2-Cas9. After
electroporation, the cells were transduced with AAV at an MOI of 3 x 105, and returned to
optimal Treg expansion conditions. Under these conditions, Treg expansion was not
significantly affected following transduction (Fig. 6B) and GFP expression from the HDR donor
was observed (Fig. 6C). The Treg population treated with GR2-Cas9 and CnB mut. AAV

showed increased survival when cultured with Dexamethasone (Fig. 6D).

Example 5: Tregs of the present invention are not susceptible to CsA or FK506 toxicity at >3-

fold peak therapeutic conditions

To model the in vivo inhibitory effects of CNI on Treg survival and expansion, banked
Tregs were thawed, re-stimulated, expanded for 4 + 1 days and treated with or without
cyclosporine (20, 200, and 2000 ng/ml) or FK506 (3, 10, 30 ng/ml) for an additional 2-3 days
and relative survival was assessed by flow cytometry. Studies were performed with non-
separated Tregs, naive Tregs and memory Tregs, to determine whether one subset was

differentially sensitive to Dex and CNIs and to determine whether IL-2 dependency differences

103



10

15

20

25

30

CA 03100247 2020-11-12

WO 2019/222513 PCT/US2019/032686

might permit lower IL-2 concentrations. No differences were found in outcome parameters the
three populations.

Fig. 7 shows that, under these conditions, neither CsA or FK506 had a significant effect
on Treg survival in vitro, even at concentrations >3-fold over peak therapeutic values. One of
the primary targets of calcinuerin, and thus CNls, is the transcription factor NFAT, which is
activated downstream of CD28 and is required for Treg development. IL-2 signaling can also
activate NFAT. Without being bound by any theory, the lack of CsA and FK506 toxicity on
Tregs in vitro may be due to the supra-physiological IL-2 concentrations in the culture. To test
whether an effect could be revealed by decreasing the IL-2 concentration, thawed/re-stimulated
Tregs were exposed to CsA or FK506 in titered concentrations of IL-2 for the final 3 days of

culture and relative survival was assessed by flow cytometry.

Example 6: Establishing glucocorticoids and calcineurin inhibitor platforms for in vivo models of

GVHD to verify that gene modification of Tregs increases efficacy in an immunosuppressive

environment

To test whether gene modified (GR2-CRISPR/Cas9) or gene edited (GR2-
CRISPR/Cas9/AAV-CaN mut.) Tregs have increased efficacy in vivo in the presence of
glucocorticoid, how glucocorticoid (methyl-prednisolone) effects GVHD in preclinical mouse
models was first determined. An allogeneic GVHD model was used for several reasons: 1)
optimal GVHD prophylactic doses of Csa (optimal 80 mg/kg/day vs. no benefits at 20 or 40
mg/kg/day) and FK506 [36 mg/kg/day in carboxymethylcellulose (55%-90% day 100 survival vs.
0% by day 37 with vehicle] with some toxicity at 48 mg/kg/day and poorer efficacy at 12 or 24
mg/kg/day in aqueous solution; n = 16-26/group) were established; 2) optimal Treg generation
and expansion protocols that lead to GVHD prevention in >90% of mice and further titered Treg
doses to determine the threshold Treg: Teffector ratios that were too low to uniformly prevent
GVHD (0.75:1 was deemed suboptimal; 0.5:1 provided protection at a level of <50% longterm
survival) were established; and 3) allogeneic GVHD models are highly amenable to GVHD
pathophysiological studies including Treg and Teffector trafficking, persistence, and function,
facilitating in depth Treg and Teffector studies. For these reasons, as well as the more
logistically feasible and cost effective benefits of an allogeneic GVHD model, optimized steroid
use in allogeneic recipients for GVHD prevention and therapy were first tested, and then applied
to a xenogeneic model to enable testing of the human Treg product. Using lethally irradiated

BALB/c recipients of C57BL/6 (B6) donor bone marrow + 2 x 108 T cells, methyl-prednisolone at
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doses of 1, 3, and 6 mg/kg/dose were tested days 1-28 vs. rapamycin at 0.5 mg/kg/day, days 0-
14 then 3x/week through day 27. Survival and p values are shown in Fig. 8. The T cell dose
was reduced to 1.5 x 10% and moved to GVHD therapy beginning on day 3 or day 4 (rather than
day 1 prophylaxis) and compared no treatment to vehicle to prednisolone (n=8/group). Day 3
GVHD therapy with prednisolone improved outcome (Fig. 9).

Delaying prednisolone treatment until day 4 was ineffective. Next, an experiment was
performed to determine whether prednisolone at 10 mg/kg d3-28 was reproducible, and it was
observed that this was the case (Fig. 10).

These data provide a steroid treatment model of GVHD in which steroids can rescue a
proportion of mice but is not curative, providing a forum for testing the addition of Tregs that are

steroid resistant or sensitive.

Example 7: Establishing steroid and calcineurin inhibitor based GVHD prophylaxis and

treatment regimens in a xenogenic GVHD model

To determine the optimal doses of prednisolone, Csa and FK506, non-lethally irradiated
(50 rad), immunodeficient NOD/Scid/IL-2Rg-/- (NSG) mice were given 15x10® human peripheral
blood mononuclear cells (PBMCs). Outlined in Fig. 11A, mice were given a high dose of
prednisolone (30 mg/kg, day 0-28) since only incomplete GVHD prevention was seen at 10
mg/kg in the allogeneic GVHD model (per Figs. 8-10). This dose/schedule of prednisolone did
not offer a survival advantage, and treated mice had a lower median survival (25 vs. 29 days),
although the difference was not significant (Fig. 11B). In addition to survival, weight loss and
human T cell expansion have been shown to be markers of disease severity in this xeno-GVHD
model. In this experiment, the average weight of prednisolone treated were not significantly
different than controls (Fig. 11C). These mice did have significantly more human CD4+ and
CD8+ T cells in the blood on day 19 (Fig. 11D).

To assess the effect of CNI on the xeno-GVHD model, mice were dosed with human
PBMC as normal, and were given FK506 at 2 doses (36 or 12 mg/kg) or CsA (80 mg/kg) (Fig.
12A). Mice receiving high dose FK506 had significantly decreased survival (p<0.03), and while
mice receiving 12mg/kg FK506 had a lower median survival (20 vs. 29 days), the survival was
not significantly different (Fig. 12B; P=0.45). The trend for mice receiving CsA was increased
survival (currently P=0.15). Both FK506 and CsA resulted in significant early weight loss (Fig.
12C). Both FK506 and CsA significantly reduced the in vivo expansion of human CD45+, CD4+
and CD8+ cells (Fig. 12D; p<0.05 for each CNI cohort and each cell type vs. PBMC only control
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animals). A follow up study has shown that xeno-GVHD pathology induced with 200 rad + 1 x
107 human PBMC is more reproducible, and median survival is reduced from ~25 days to ~20
days. To assess the effect of a lower dose of prednisone and CNI in this modified xeno-GVHD
model, mice were irradiated (200rad), injected with human PBMC (iv, 1 x 107), and were given

prednisone (ip, 10 mg/kg), FK506 or CsA (ip, 2 mg/kg or 20 mg/kg, respectively) (Fig. 13).

Example 8: Characterization of gene edited Tregs

Since depletion of the stimulatory CD3/28 beads is required prior to electroporation, it
was assessed whether this would have a negative effect on expansion. /n vitro expanded,
naive Tregs were thawed and re-stimulated with CD3/28 beads (3:1 bead:Tregs), and on day 3
the sample was split and beads were depleted magnetically from one sample. Following bead
depletion, Tregs were returned to culture for another 4 days (7 days total). As shown in Fig. 14,
no significant effect on expansion (n=5) was found after the various manipulations as indicated.

Since Tregs are especially sensitive to extracellular DNA, and electroporation can lead
to necrotic cell death and release of DNA, it was tested whether electroporation would affect
Treg expansion. in vitro expanded naive Tregs were thawed and restimulated with CD3/28
beads (3:1 bead:Tregs). On day 3, beads were depleted magnetically, and Tregs were treated
* electroporation, after which the cells were returned to culture for another 4 days (7 days total).
Electroporation was found to have no significant effect on expansion (Fig. 14B). As a marker
for electroporation efficacy, a sample of Tregs was electroporated in the presence of in vitro
transcribed GFP mRNA. Not only was the mRNA well tolerated, but GFP was uniformly
expressed at high levels in all cells, and expression persisted for at least 7 days after
transduction (Figs. 14C and 14D).

Example 9: Base editing in Tregs

Treg cells were base edited by electroporation of the base editor as protein or mMRNA
encoding said base editor, along with a guide RNA to target bases for editing with said base
editor. The genomic DNA of the edited cells was then isolated and the target locus was PCR
amplified. The PCR amplified locus was then sequenced by Sanger sequencing. Base
conversion was observed by idenitfiying multiple peaks at the target site. The PCR amplicon
sequence data then underwnet decomposiiton using the EDITR method to quantify base editing

frequency (see, Kluesner et al. "EditR: A novel base editing quantification software using
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Sanger sequenceing".DOI: 10.1101/213496. 2017). For Fig. 19-22, and 24-27, the base edited
sequences are marked by red open boxes.

Fig. 16 depicts a schematic showing base editing wherein the CRISPR deactivated or
nicking DNA binding domain is a dCas9, and the base-editing domain is a cytidine deaminase.
Base editing was performed in isolated Tregs according to the flow diagram shown in Fig. 17.
Base editors can be delivered as RNP complexes whereby the guide RNA may or may not be
modified with phosphorothioate bonds to prevent intracellular degradation by endogenous
RNAses. For the present application the base editor was delivered as messenger RNA and the
guide RNAs were synthesized to contain 5° and 3‘ phosphorothioate bonds to prevent
intracellular degradation. The base editing targeting design was intended/designed to convert a
nucleotide such that a premature stop codon was introduced. Further, the sequences at
exon:intron boundaries defined as splice donors and acceptors that are required for intron
excision and proper open reading frame orientation and expression were also targeted for
conversion in order to disrupt splicing. Improperly spliced RNA with intron retention destabilizes
the RNA leading degradation and loss of protein expression.

Base editing was performed to introduce a premature stop codon in exon 2 of NR3C1.
Electroporation of Tregs with base editor mRNA and a guide RNA having a sequence set forth
in SEQ ID NO:7 was performed. Sequencing of the genetic locus revealed that base editing
resulted in editing of a cytosine (C) in the genomic sequence into a thymine (T), thereby
resulting in a premature TAA stop codon (Figs. 18 and 19).

Base editing was performed to introduce a premature stop codon in exon 2 of NR3C1.
Electroporation of Tregs with base editor mRNA and a guide RNA having a sequence set forth
in SEQ ID NO:8 was performed. Sequencing of the genetic locus revealed that base editing
resulted in editing of a cytosine (C) in the genomic sequence into a thymine (T), thereby
resulting in a premature TAG stop codon (Figs. 20 and 21).

Fig. 22 depicts a schematic of the result of disrupting the splice site of a hypothetical
gene. Base editing of either a splice donor or a splice acceptor site can disrupt the normal
splicing of a gene, resulting in downregulated gene expression.

Base editing was performed to disrupt a splice acceptor in NR3C1. Electroporation of
Tregs with base editor mRNA and a guide RNA having a sequence set forth in SEQ ID NO:55
was performed. Sequencing of the genetic locus revealed that base editing resulted in editing
of a adenosine (A) in the genomic sequence into a guanine (G), thereby resulting in a mutant

GG splice acceptor site (Figs. 23 and 24).
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Base editing was performed to disrupt a splice donor in NR3C1. Electroporation of
Tregs with base editor mRNA and a guide RNA having a sequence set forth in SEQ ID NO:56
was performed. Sequencing of the genetic locus revealed that base editing resulted in editing
of a guanine (G) in the genomic sequence into a adenosine (A), thereby resulting in a mutant

splice donor site (Figs. 25 and 26).

Example 10: Base editing in effector T cells

Effector T cells (Teffs) were base edited by electroporation of the base editor as protein
or mRNA encoding said base editor, along with a guide RNA to target bases for editing with said
base editor. Fig. 27 depicts a general outline for two experiments. In one experiment, the
glucocorticoid receptor locus was base editing in effector T cells (Teffs) using BE4, with two
rounds of bead stimulation. In the second experiment, the glucocorticoid receptor locus was
base editing in effector T cells using BE4, but with only one round of bead stimulation. Fig. 28
depicts data showing the percent relative survival of CD4+ effector T cells (Teffs) following
glucocorticoid receptor base editing from donors modified using gRNAs GR2 (SEQ ID NO:8 in
Table 1) or BE4 (SEQ ID NO:20 in Table 2) in the presence or absence of dexamethasone. The
first donor’s cells received two rounds of stimulation, and the second donor’s cells received a
single round of stimulation. Teffs receiving the two rounds of stimulation were very sensitive to
Dexamethasone (Dex). Editing with two rounds of BE4 was more effective than GR2 at 30 ug/mil
in both experiments (p < 0.001, p < 0.01, respectively).
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CLAIMS
What is claimed:
1. A steroid-resistant CRISPR-modified cell, comprising:
a genetic modification in a gene locus encoding for NR3C1, wherein the modification is
capable of downregulating gene expression of NR3C1, wherein the modification is located in an
exon, a splice donor, or a splice acceptor of NR3C1, and wherein the modified cell is rendered

steroid-resistant as a result of said genetic modification.

2. The modified cell of claim 1, wherein the cell is a pluripotent stem cell, a hematopoietic

precursor cell, or a hematopoietic cell.

3. The modified cell of any one of claims 1-2, wherein the genetic modification is mediated
by a CRISPR-Cas9 system, a CRISPR-Cpf1 system, a Cas9 orthologue, a Cas9 paralog, a

Cas-related family member, zinc fingers, TALENS, or a meganuclease.

4. The modified cell of claim 1, wherein the modification is an indel.
5. The modified cell of claim 4, wherein the indel is located in exon 2 of NR3C1.
6. The modified cell of any one of claims 4-5, wherein the indel in NR3C1 is mediated by a

CRISPR system.

7. The modified cell of claim 3 or claim 6, wherein the CRISPR system comprises a
CRISPR nuclease and a guide RNA.

8. The modified cell of claim 7, wherein the guide RNA comprises a guide sequence that is

sufficiently complementary with a target sequence in exon 2 of NR3C1.

9. The modified cell of claim 7, wherein the guide RNA comprises a nucleic acid sequence
set forth in any one of SEQ ID NOs:7-10.
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10. The modified cell of claim 7, wherein the guide RNA comprises a nucleic acid sequence
set forth in SEQ ID NO:8.

11. The modified cell of claim 1, wherein the modification is a base pair substitution.

12. The modified cell of claim 11, wherein the substitution in NR3C1 is mediated by a
CRISPR system.

13. The modified cell of any one of claims 11-12, wherein the CRISPR system comprises a

base editor and a guide RNA.

14. The modified cell of claim 13, wherein the base editor comprises a CRISPR deactivated

or nicking DNA binding domain or a variant thereof, and a base-editing domain.

15. The modified cell of claim 14, wherein the CRISPR deactivated or nicking DNA binding

domain is a Cas9 domain.

16. The modified cell of claim 14, wherein the CRISPR deactivated or nicking DNA binding

domain is a variant Cas9 domain.

17. The modified cell of claim 16, wherein the variant Cas9 domain is a nuclease-inactive

Cas9 domain.

18. The modified cell of any one of claims 14-17, wherein the base-editing domain is a

deaminase domain.

19. The modified cell of claim 18, wherein the deaminase domain has specificity for cytosine

or adenine.

20. The modified cell of claim 18, wherein the deaminase domain is a cytidine or a

adenosine deaminase.
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21. The modified cell of any one of claims 11-20, wherein the substitution introduces a
premature stop codon in NR3C1, thereby resulting in downregulated gene expression of
NR3C1.

22. The modified cell of any one of claims 13-21, wherein the guide RNA comprises a guide

sequence that is sufficiently complementary with a target sequence in an exon of NR3C1.

23. The modified cell of any one of claims 13-21, wherein the guide RNA comprises a guide

sequence that is sufficiently complementary with a target sequence in exon 2 of NR3C1.

24. The modified cell of any one of claims 13-23, wherein the guide RNA comprises a

nucleic acid sequence set forth in any one of SEQ ID NOs:17-54.

25. The modified cell of any one of claims 14-20, wherein the guide RNA comprises a guide
sequence that is sufficiently complementary with a target sequence comprising a splice

acceptor or a splice donor of NR3C1.

26. The modified cell of claim 25, wherein the substitution is capable of disrupting splicing of

an NR3C1 mRNA, thereby resulting in downregulated gene expression of NR3C1.

27. The modified cell of claim 25, wherein the guide RNA comprises a nucleic acid
sequence set forth in any one of SEQ ID NO 55 or 56.

28. The modified cell of any preceding claim, wherein the modified cell is resistant to a

corticosteroid.

29. The modified cell of any preceding claim, wherein the modified cell is resistant to a

glucocorticosteroid.
30. The modified cell of claim 29, wherein the glucocorticosteroid is selected from the group

consisting of a progesterone-type glucocorticosteroid, a hydrocortisone-type glucocorticosteroid,

a methasone-type glucocorticosteroid, and an acetonide-type glucocorticosteroid.
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31. The modified cell of claim 29, wherein the glucocorticosteroid is selected from the group
consisting of dexamethasone, betamethasone, hydrocortisone (cortisol), prednisone,
prednisolone, loteprednol, deflazacort, methylprednisolone, triamcinolone, fludrocortisone, and

deoxycorticosterone.

32. A calcineurin inhibitor (CNI)-resistant, genetically-modified cell, comprising an
exogenous calcineurin inhibitor (CNI) resistance gene in the genome of the cell, wherein the
CNI-resistance gene is inserted as a result of CRISPR-mediated homology directed repair
(HDR) and wherein the modified cell is rendered CNI-resistant as a result of said resistance

gene.

33. The modified cell of claim 32, wherein the cell is a pluripotent stem cell, a hematopoietic

precursor cell, or a hematopoietic cell.

34. The modified cell of claim 32, wherein the genetic modification is mediated by a
CRISPR-Cas9 system, a CRISPR-Cpf1 system, a Cas9 orthologue, a Cas9 paralog, a Cas-

related family member, zinc fingers, TALENS, or a meganuclease.

35. The modified cell of claim 32, wherein the calcineurin inhibitor resistance gene is

inserted at a gene locus encoding for NR3C1.

36. The modified cell of any one of claims 32-35, wherein the calcineurin inhibitor resistance
gene is a mutant form of a Calcineurin A (CNa) gene selected from the group consisting of
PPP3Ca, PPP3Cb and PPP3Cc or a mutant form of the Calcineurin B (CNb) gene selected
from the group consisting of PPP3R1 and PPP3R2.

37. The modified cell of claim 36, wherein the mutant calcineurin gene is inserted into the

NR3C1 locus via homologous recombination using an exogenous donor DNA sequence.

38. The modified cell of claim 37, wherein the exogenous donor DNA sequence comprises
the nucleic acid sequence set forth in SEQ ID NO:11.
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39. The modified cell of any one of claims 32-38, wherein the calcineurin inhibitor resistance

gene encodes for a calcineurin variant protein.

40. The modified cell of claim 39, wherein the calcineurin variant protein is selected from the
group consisting of CNa12, CNa22, and CNb30.

41. The modified cell of claim 39, wherein the calcineurin variant comprises the amino acid

sequence set forth in any one of SEQ ID NOs:3-5.

42. The modified cell of any one of claims 39-41, wherein the calcineurin variant protein
binds a calcineurin inhibitor but not calcineurin, thereby resulting in sequestration of the

calcineurin inhibitor and prevention of calcineurin inhibition.

43. The modified cell of any one of claims 32-42, wherein the modified cell is resistant to a
calcineurin inhibitor selected from the group consisting of Cyclosporin A (CsA), Voclosporin,

Tacrolimus (FK-506, fujimycin), Pimecrolimus, and derivatives and analogs thereof.

44, A genetically modified, steroid-resistant and calcineurin inhibitor (CNI)-resistantcell ,
comprising (1) a first genetic modification comprising an indel in a gene locus encoding for
NR3C1, wherein the indel is capable of downregulating gene expression of NR3C1, and (2) a
second genetic modification comprising an exogenous CNI resistance gene inserted in the
genome of the cell, wherein the CNI resistance gene resides at the site of the indel in the gene
locus encoding for NR3C1, wherein the modified cell is rendered steroid- and CNI-resistant as a

result of said genetic modifications.

45, The modified cell of claim 44, wherein the cell is a pluripotent stem cell, a hematopoietic

precursor cell, or a hematopoietic cell.

46. The modified cell of claim 44, wherein the gene locus corresponds to exon 2 of NR3C1.

47. The modified cell of any one of claims 44-46, wherein the indel is mediated by a
CRISPR system comprising a guide RNA comprising a nucleic acid sequence set forth in any
one of SEQ ID NOs:7-10.
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48. The modified cell of any one of claims 44-47, wherein the indel is mediated by a
CRISPR system comprising a guide RNA comprising the nucleic acid sequence set forth in SEQ
ID NO:8.

49. A genetically modified, steroid-resistant and calcineurin inhibitor (CNI)-resistantcell,
comprising (1) a first genetic modification comprising a modification in a NR3C1 gene locus,
wherein the modification is capable of downregulating gene expression of NR3C1, and (2) a
second genetic modification comprising an exogenous CNI resistance gene inserted in the
genome of the cell, wherein the modified cell is rendered steroid- and CNI-resistant as a result

of said genetic modifications.

50. The modified cell of claim 49, wherein the cell is a pluripotent stem cell, a hematopoietic

precursor cell, or a hematopoietic cell.

51. The modified cell of claim 49, wherein first or second modification is mediated by a
CRISPR-Cas9 system, a CRISPR-Cpf1 system, a Cas9 orthologue, a Cas9 paralog, a Cas-
related family member, zinc fingers, TALENS, or a meganuclease.

52. The modified cell of claim 49, wherein the modification is an indel.

53. The modified cell of claim 52, wherein the indel is located in exon 2 of NR3C1.

54. The modified cell of any one of claims 52-54, wherein the indel in NR3C1 is mediated by
a CRISPR system.

55. The modified cell of claim 54, wherein the CRISPR system comprises a CRISPR

nuclease and a guide RNA.

56. The modified cell of claim 55, wherein the guide RNA comprises a guide sequence that

is sufficiently complementary with a target sequence in exon 2 of NR3C1.
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57. The modified cell of any one of claims 55-56, wherein the guide RNA comprises a

nucleic acid sequence set forth in any one of SEQ ID NOs:7-10.

58. The modified cell of any one of claims 55-57, wherein the guide RNA comprises a

nucleic acid sequence set forth in SEQ ID NO:8.

59. The modified cell of claim 49, wherein the modification is a base pair substitution.

60. The modified cell of claim 59, wherein the substitution in NR3C1 is mediated by a
CRISPR system.

61. The modified cell of claim 60, wherein the CRISPR system comprises a base editor and
a guide RNA.

62. The modified cell of claim 61, wherein the base editor comprises a CRISPR deactivated

or nicking DNA binding domain or a variant thereof, and a base-editing domain.

63. The modified cell of claim 62, wherein the CRISPR deactivated or nicking DNA binding

domain is a Cas9 domain.

64. The modified cell of claim 62, wherein the CRISPR deactivated or nicking DNA binding

domain is a variant Cas9 domain.

65. The modified cell of claim 64, wherein the variant Cas9 domain is a nuclease-inactive

Cas9 domain.

66. The modified cell of any one of claims 62-65, wherein the base-editing domain is a

deaminase domain.

67. The modified cell of claim 66, wherein the deaminase domain has specificity for cytosine

or adenine.
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68. The modified cell of claim 66, wherein the deaminase domain is a cytidine or a

adenosine deaminase.

69. The modified cell of any one of claims 59-68, wherein the substitution introduces a
premature stop codon in NR3C1, thereby resulting in downregulated gene expression of
NR3C1.

70. The modified cell of any one of claims 61-69, wherein the guide RNA comprises a guide

sequence that is sufficiently complementary with a target sequence in an exon of NR3C1.

71. The modified cell of any one of claims 61-70, wherein the guide RNA comprises a guide

sequence that is sufficiently complementary with a target sequence in exon 2 of NR3C1.

72. The modified cell of any one of claims 61-70, wherein the guide RNA comprises a

nucleic acid sequence set forth in any one of SEQ ID NOs:17-54.

73. The modified cell of any one of claims 61-68, wherein the guide RNA comprises a guide
sequence that is sufficiently complementary with a target sequence comprising a splice

acceptor or a splice donor of NR3C1.

74. The modified cell of claim 73, wherein the substitution is capable of disrupting splicing of

an NR3C1 mRNA, thereby resulting in downregulated gene expression of NR3C1.

75. The modified cell of any one of claims 73-74, wherein the guide RNA comprises a

nucleic acid sequence set forth in any one of SEQ ID NOs:55-56.

76. The modified cell of any one of claims 49-75, wherein the modified cell is resistant to a

corticosteroid.

77. The modified cell of any one of claims 49-76, wherein the modified cell is resistant to a

glucocorticosteroid.
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78. The modified cell of claim 77, wherein the glucocorticosteroid is selected from the group
consisting of a progesterone-type glucocorticosteroid, a hydrocortisone-type glucocorticosteroid,

a methasone-type glucocorticosteroid, and an acetonide-type glucocorticosteroid.

79. The modified cell of claim 77, wherein the glucocorticosteroid is selected from the group
consisting of dexamethasone, betamethasone, hydrocortisone (cortisol), prednisone,
prednisolone, loteprednol, deflazacort, methylprednisolone, triamcinolone, fludrocortisone, and

deoxycorticosterone.

80. The modified cell of any one of claims 49-79, wherein the calcineurin inhibitor resistance
gene is a mutant form of a Calcineurin A (CNa) gene selected from the group consisting of
PPP3Ca, PPP3Cb and PPP3Cc or a mutant form of the Calcineurin B (CNb) gene selected
from the group consisting of PPP3R1 and PPP3R2.

81. The modified cell of any one of claims 49-80, wherein the calcineurin inhibitor resistance

gene encodes for a calcineurin variant protein.

82. The modified cell of claim 81, wherein the calcineurin variant protein is selected from the
group consisting of CNa12, CNa22, and CNb30.

83. The modified cell of any one of claims 81-82, wherein the calcineurin variant protein

comprises the amino acid sequence set forth in any one of SEQ ID NOs:3-5.

84. The modified cell of any one of claims 81-83, wherein the calcineurin variant protein
binds a calcineurin inhibitor but not calcineurin, thereby resulting in sequestration of the

calcineurin inhibitor and prevention of calcineurin inhibition.

85. The modified cell of any one of claims 80-84, wherein the mutant calcineurin gene is
inserted into the genome of the cell via homologous recombination using an exogenous donor

DNA sequence.

86. The modified cell of any one of claims 80-85, wherein the mutant calcineurin gene is
inserted into the NR3C1 locus.
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a7. The modified cell of any one of claims 49-85, wherein the modified cell is resistant to a
calcineurin inhibitor selected from the group consisting of Cyclosporin A (CsA), Voclosporin,

Tacrolimus (FK-506, fujimycin), Pimecrolimus, and derivatives and analogs thereof.

88. The modified cell of any one of claims 49-87, wherein the modified cell is a modified

immune cell.

89. The modified cell of any one of claims 49-88, wherein the modified cell is a modified

regulatory T cell (Treg).

90. The modified cell of any one of claims 49-88, wherein the modified cell is a modified
effector T cell (Teff).

91. The modified cell of any one of claims 49-89, wherein the modified cell is an autologous

cell.

92. The modified cell of any one of claims 49-89, wherein the modified cell is an allogeneic

cell.

93. The modified cell of any one of claims 49-92, wherein the modified cell is isolated from a

human subject.

9. The modified cell of claim 93, wherein the human subject has received a stem cell

transplant or is a candidate for stem cell transplantation.

95. The modified cell of claim 93, wherein the human subject has received a solid organ

transplant or is a candidate for solid organ transplantation.

96. The modified cell of claim 93, wherein the human subject is suffering from an

autoimmune disorder.
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97. The modified cell of claim 93, wherein the human subject is suffering from Graft vs. Host

Disease (GVHD).

98. The modified cell of claim 93, wherein the human subject is suffering from Type 1
Diabetes.

99. A method for generating a modified cell, comprising introducing into the cell a gene
editing system that produces a modification in a gene locus encoding for NR3C1, wherein the

modification is capable of downregulating gene expression of NR3C1.

100. The method of claim 99, wherein the cell is a pluripotent stem cell, a hematopoietic

precursor cell, or a hematopoietic cell.

101. The method of claim 99, wherein the modification is an indel in exon 2 of NR3C1.

102. The method of claim 99, wherein the gene editing system is a CRISPR system.

103. The method of claim 102, wherein the CRISPR system comprises a CRISPR nuclease
and a guide RNA.

104. The method of claim 103, wherein the guide RNA comprises a guide sequence that is

sufficiently complementary with a target sequence in exon 2 of NR3C1.

105. The method of any one of claims 103-104, wherein the guide RNA comprises a nucleic

acid sequence set forth in any one of SEQ ID NOs:7-10.

106. The method of any one of claims 103-105 , wherein the guide RNA comprises a nucleic
acid sequence set forth in SEQ ID NO:8.

107. The method of claim 99, wherein the modification is a base pair substitution.

108. The method of claim 102, wherein the CRISPR system comprises a base editor and a
guide RNA.
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109. The method of claim 108, wherein the base editor comprises a CRISPR deactivated or

nicking DNA binding domain or a variant thereof, and a base-editing domain.

110. The method of claim 109, wherein the CRISPR deactivated or nicking DNA binding

domain is a Cas9 domain.

111.  The method of claim 109, wherein the CRISPR deactivated or nicking DNA binding

domain is a variant Cas9 domain.

112. The method of claim 111, wherein the variant Cas9 domain is a nuclease-inactive Cas9

domain.

113. The method of any one of claims 109-112, wherein the base-editing domain is a

deaminase domain.

114. The method of claim 113, wherein the deaminase domain has specificity for cytosine or

adenine.

115.  The method of claim 113, wherein the deaminase domain is a cytidine or an adenosine

deaminase.
116. The method of any one of claims 107-115, wherein the substitution introduces a
premature stop codon in NR3C1, thereby resulting in downregulated gene expression of

NR3C1.

117. The method of any one of claims 108-116, wherein the guide RNA comprises a guide

sequence that is sufficiently complementary with a target sequence in an exon of NR3C1.

118. The method of any one of claims 108-117, wherein the guide RNA comprises a guide

sequence that is sufficiently complementary with a target sequence in exon 2 of NR3C1.
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119. The method of any one of claims 108-117, wherein the guide RNA comprises a nucleic

acid sequence set forth in any one of SEQ ID NOs:17-54.

120. The method of any one of claims 108-115, wherein the guide RNA comprises a guide
sequence that is sufficiently complementary with a target sequence comprising a splice

acceptor or a splice donor of NR3C1.

121. The method of claim 120, wherein the substitution is capable of disrupting splicing of an

NR3C1 mRNA, thereby resulting in downregulated gene expression of NR3C1.

122. The method of any one of claims 120-121, wherein the guide RNA comprises a nucleic
acid sequence set forth in any one of SEQ ID NOs:55-56.

123. The method of any one of claims 99-122, wherein the CRISPR nuclease/base editor and

the guide RNA comprise a ribonucleoprotein (RNP) complex.

124. The method of any one of claims 99-122, wherein the CRISPR nuclease/base editor

and/or the guide RNA are encoded by a polynucleotide.

125. The method of claim 124, wherein the polynucleotide comprises a vector and/or a
synthetic mMRNA.

126. The method of any one of claims 123-125, wherein the RNP or polynucleotide are

introduced by electroporation.

127. The method of any one of claims 99-126, further comprising insertion of an exogenous

calcineurin inhibitor resistance gene into the genome of the cell.

128. The method of claim 127, wherein insertion of the exogenous calcineurin inhibitor

resistance gene is via homologous recombination.

129. The method of any one of claims 127-128, wherein the insertion occurs at the site of the

indel in a gene locus encoding NR3C1.
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130. The method of any one of claims 127-129, wherein the insertion occurs at the site of the

indel in a gene locus encoding NR3C1.

131. The method of any one of claims 127-130, wherein the insertion occurs at the site of the
indel in the gene locus encoding NR3C1 via homologous recombination from an exogenous

donor DNA sequence.

132. The method of claim 131, wherein the exogenous donor DNA sequence comprises the

nucleic acid sequence set forth in SEQ ID NO:11.

133. The method of any one of claims 131-132, wherein the exogenous donor DNA sequence

is introduced via viral transduction.

134. The method of any one of claims 131-132, wherein the exogenous donor DNA sequence

is introduced via electroporation.

135. The method of any one of claims 131-134, wherein the exogenous donor DNA sequence

comprises a promoter in operable linkage to a nucleic acid encoding a reporter molecule.

136. The method of claim 135, wherein the promoter and the nucleic acid encoding the

reporter molecule are separated by a linker.

137. The method of claim 136, wherein the linker comprises a T2A sequence.

138. The method of any one of claims 132-137, wherein the calcineurin inhibitor resistance
gene is a mutant form of a Calcineurin A (CNa) gene selected from the group consisting of
PPP3Ca, PPP3Cb and PPP3Cc or a mutant form of the Calcineurin B (CNb) gene selected

from the group consisting of PPP3R1 and PPP3R2.

139. The method of any one of claims 132-138, wherein the calcineurin inhibitor resistance

gene encodes for a calcineurin variant protein.
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140. The method of claim 139, wherein the calcineurin variant protein is selected from the
group consisting of CNa12, CNa22, and CNb30.

141. The method of any one of claims 139-140, wherein the calcineurin variant protein

comprises the amino acid sequence set forth in any one of SEQ ID NOs:3-5.

142. The method of any one of claims 99-141, wherein the modified cell is a modified immune

cell.

143. The method of any one of claims 99-142, wherein the modified cell is a modified

regulatory T cell (Treg).

144. The method of any one of claims 99-142, wherein the modified cell is a modified effector
T cell (Teff).

145. The method of any one of claims 99-144, wherein the modified cell is an autologous cell.

146. The method of any one of claims 99-144, wherein the modified cell is an allogeneic cell.

147. The method of any one of claims 99-146, wherein the modified cell is isolated from a

human subject.

148. The method of claim 147, wherein the human subject has received a stem cell transplant

or is a candidate for stem cell transplantation.

149. The method of claim 147, wherein the human subject has received an solid organ

transplant or is a candidate for solid organ transplantation.

150. The method of claim 147, wherein the human subject is suffering from an autoimmune

disorder.

151. The method of claim 147, wherein the human subject is suffering from Graft vs. Host
Disease (GVHD).
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152. The method of claim 147, wherein the human subject is suffering from Type 1 Diabetes.

153. A method of achieving an immunosuppressive effect in a subject in need thereof,

comprising administering to the subject the modified cell of any one of claims 1-98.

154. The method of claim 153, wherein the subject is suffering from an alloresponse and/or

an autoimmune response.
155. A method for achieving a preventative therapeutic effect in a subject in need thereof,
comprising administering to the subject, prior to onset of an alloresponse and/or autoimmune

response, a population of the modified cell of any one of claims 1-98.

156. The method of claim 155, wherein the alloresponse and/or autoimmune response

follows transplantation of a biological material.

157. The method of claim 156, wherein the biological material is selected from the group

consisting of a cell, a tissue, and an organ.

158. The method of any one of claims 156-157, wherein the biological material is allogeneic.

159. The method of any one of claims 153-158, wherein the subject is human.

160. The method of claim 159, wherein the human subject has received a stem cell transplant

or is a candidate for stem cell transplantation.

161. The method of claim 159, wherein the human subject has received a solid organ

transplant or is a candidate for solid organ transplantation.

162. The method of claim 159, wherein the human subject is suffering from an autoimmune

disorder.
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163. The method of claim 159, wherein the human subject is suffering from Graft vs. Host
Disease (GVHD).

164. The method of claim 159, wherein the human subject is suffering from Type 1 Diabetes.

165. The method of any of claims 153-164, wherein the modified cells are administered in

combination with a steroid and/or a calcineurin inhibitor.

166. The method of claim 165, wherein the steroid and/or calcineurin inhibitor are

administered prior to administration of the modified cells.

167. The method of claim 165, wherein the steroid and/or calcineurin inhibitor are

administered simultaneous to or after administration of the modified cells.

168. The method of any one of claims 165-167, wherein the steroid is a corticosteroid.

169. The method of any one of claims 165-168, wherein the steroid is a glucocorticosteroid.

170. The method of claim 169, wherein the glucocorticosteroid is selected from the group
consisting of a progesterone-type glucocorticosteroid, a hydrocortisone-type glucocorticosteroid,

a methasone-type glucocorticosteroid, and an acetonide-type glucocorticosteroid.

171. The method of claim 169, wherein the glucocorticosteroid is selected from the group
consisting of dexamethasone, betamethasone, hydrocortisone (cortisol), prednisone,
prednisolone, loteprednol, deflazacort, methylprednisolone, triamcinolone, fludrocortisone, and

deoxycorticosterone.
172. The method of any of claims 165-171, wherein the calcineurin inhibitor is selected from

the group consisting of Cyclosporin A (CsA), Voclosporin, Tacrolimus (FK-506, fujimycin),

Pimecrolimus, and derivatives and analogs thereof.
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