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IMPROVED PROCESS FOR DNA INTEGRATION USING RNA-GUIDED
ENDONUCLEASES

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent Application No. 63/052,319,
filed July 15, 2020 which is incorporated by reference in its entirety.

TECHNICAL FIELD

The present disclosure provides methods and compositions for efficiently integrating a
DNA sequence of interest into a target DNA molecule, such as a host genome using an RNA-
guided endonuclease such as a cas protein. The disclosure also provides cells such as T cells
modified to include a genetic construct integrated into a genetic locus such as the T cell receptor

focus,

BACKGROUND

Targeted integration of an exogenous DNA sequence into a genomic locus has been
highly desired. CRISPR-Cas genome engineering is a fast and relatively simple way to knockout
gene function or precisely knock-in a DNA sequence for gene correction or gene tagging.
Targeted gene knockout is achieved through generation of a double-strand break (DSB) in the
DNA using Cas9 nuclease and guide RNA (gRNA). The DSB is then repaired, often imperfectly,
by random insertions or deletions (indels), through the endogenous non-homologous end joining
(NHE]J) repair pathway. For knock-in experiments, in addition to the Cas9 nuclease and gRNA, a
DNA donor template is required and the DSB is repaired with the donor template, typically
through the homology-directed repair (HDR) pathway.

Knock-in using a donor template, either a single-stranded DNA (ssDNA) donor oligo or
donor plasmid (dsDNA), has a relatively low efficiency, often in the 1-10% range. Therefore,
successful HDR-mediated knock-in experiments require important design considerations and
experimental optimization. Using single-stranded oligodeoxynucleotides (ssODNs) with short
homology arms, several groups have achieved precise DNA editing such as SNP correction or
epitope tag addition. A donor plasmid (dsDNA) is able to integrate much longer exogenous
DNA, however efficiency is very low. Several groups used an AAV (viral) vector to provide
HDR donor ssDNA and combined with CRISPR/Cas9 to achieve 40-60% gene knock-in
efficiency. However, these methods still need to produce high titer AAV vectors which 1s time-
consuming and needs to be compatible with cGMP production for clinical application.
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A genome engineering tool has been developed based on the components of the type I
prokaryotic CRISPR {Clustered Regularly Interspaced Short palindromic Repeats) adaptive
immune system of some bacteria such as 3. pvogenes. This multi-component system referred to
as RNA-guided Cas nuclease system or more simply as CRISPR, involves a Cas endonuclease,
coupled with a guide RNA molecule, that have the ability to create double-stranded breaks in
genomic DNA at specific sequences that are targeted by the guide RNA. The RNA-guided Cas
endonuclease has the ability to cleave the DNA where the RNA guide hybridizes to the genome
sequence. Addiionally, the Cas9 nuclease cuts the DNA only if a specific sequence known as
protospacer adjacent motif (PAM) s present immediately dowasiream of the target sequence in
the genome. The cancnical PAM sequence in S. pyogenes 15 5'-NGG-3', where N refers to any
nucleotide.

It has been demoustrated that the expression of a single chimeric oRNA tractRNA
transcript, which normally 1s expressed as two different RNAs in the native type Il CRISPR
system, i3 sutticient to direct the Cas9 nuclease to sequence-specifically cleave target DNA
sequences. In addition, several mutant forms of Cas® nuclease have been developed. For
wstance, oue mutant form of Cas® nuclease functions as & nickase, generating a break m
complementary strand of DNA rather than both strands as with the wild-type Cas9. This allows
repair of the DNA template using a lugh-fidelity pathway rather than NHEJ, which prevents
formation of indels at the targeted locus, and possibly other locations 1n the genome to reduce
possible oft-target/toxicity effects while matntaining ability to undergo homologous
recombination. Paired nicking can reduce off-target activity by 50- to 1,500-fold 10 cell lines and
to facilitate gene knockout in mouse zygote without losing on-target cleavage efficiency.

In addition, cas proteins have been isolated from a variety of bacteria and have been
found to use different PAM sequences than 8. pyogenes cas9, In addition, some cas proteins such
as casi2a naturally use a single RNA guide - that 1s, they use a ctRNA that hybridizes to a target
sequence but do not use a tracrRNA.

Adoptive immunotherapy involves transter of autologous antigen-specific cells generated
ex vivo, 18 a promising strategy to treat viral infections and cancer. The cells used for adoptive
immunotherapy can be generated either by expansion of antigen-specific cells or redirection of
cells through genetic engineering.

CARs are synthetic receptors consisting of a targeting moiety that is associated with one
or more signaling domains in a single fusion molecule. In general, the binding wmotety of a CAR
consists of an astigen-binding domain of a single~chain antibody (scFv}, comprising the light and

vartable fragments of a monoclonal antibody joined by a flexible linker. Binding moieties based
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on receptor of ligand domains have also been used successtully. The signaling domains for first
generation CARs are derived from the cytoplasmic region of the CD3zeta or the Fc receptor
gamma chains. First generation CARs have been shown to successfully redirect T cell
cytotoxicity, however, they failed to provide prolonged expansion and anti-turnor activity in
vivo. Stgnaling domains from co-stimulatory molecules inchuding CD28, 0X-40 {CD134), and 4~
188 {CB137) have been added alone (second generation) or in combination (third generation) to
enhance survival and increase proliferation of CAR modified T cell. CARs have successfully
allowed T cells to be redirected against antigens expressed at the surface of tumor cells from
various malignancies including lymphomas and solid tumors.

CAR (chimeric antigen receptor) cell immunotherapy, which involves removing T-cells
from a patient's blood, adding a CAR through gene transfer, and infusing the genetically
engineered cells back into the body, is one of the most promising methods in treating cancer.
Currently, the gene transfer techniques include viral-based gene transfer methods using gamma-
retroviral vectors or lentiviral vectors. To make GMP (FDA’s required good manufacturing
practice regulations) level viral-vector, the viral vector has to comply with clinical safety
standards such as replication incompetence, low genotoxicity, and low immunogenicity. These
conventional approaches have ease of use and reasonable expression, however they can give rise
to secondary transformation events, e.g., unwanted blood cancers and other events resulting from
viral genome integration into the T cells.

A review articte (Ren and Zhao, Prorein Cell §(93.634-643, 2017} indicates that any use
of CRISPR/Cas9 still involves the use of viral vector for a knocking tn process to insert a CAR
{chimeric antigen receptor) construct into a T cell genome. “Gene editing with CRISPR encoded
by non-integrating virus, such as adenovirus and adenovirus-associated virus (AAV), has also
been reported.” In addition, Ren et al., Clin. Cancer Res. 16:1300, published online 04
November 2016 used a CD19 CAR construct and found that gene disruption 1n T cells 1s not
very efficient with lentiviral and adenoviral CRISPR.

Although RNA-guided endonucleases, such as the CasS/CRISPR system, appear to be an
attractive approach for genetically engineening some mammalian cells, the use of CasS/CRISPR
in primary cells, in particular in T cells, is significantly more difficult because: {1} T-cells are
adversely affected by the introduction of DNA in their cytoplasm: high rate of apoptosis is
observed when transtorming cells with DNA vectors; (2) the CRISPR system requires stable
expression of Cas9 in the cells, however, prolonged expression of Cas9 in living cells may lead
to chromosomal defects; and (3} the specificity of current RNA-guided endonuclease is

determined only by sequences comprising 11 nucleotides (N12-20NGG, where NGG represents
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the PAM), which makes it very difficult to identify target sequences in desired loci that are
unique in the genome. Other nucleases, in addition to CAS9, are zinc finger nucleases (ZFN) or
TAL effector nucleases (TALEN).

The present disclosure aims to provide solutions to these hmitations n order to efficiently
implement RNA-~guided endonuclease engineering in host cells such as T cells. There 1s a need
in the art for safer techniques for introducing genetic constucts, such as Chimeric Antigen
Receptor constructs, into cells that do not include transduction with viral vectors but instead can

use transfection techniques, where the risk of off-target mutations is minimized.

SUMMARY

According to a first aspect, a method for site-specific integration of a donor DNA into a
target DNA molecule s described. The method includes introducing into a cell: an RNA-guided
endonuclease or a nucleic acid molecule encoding an RNA-guided endonuclease; at least one
engineered guide RNA or at least one nucleic acid molecule encoding an engineered guide RNA;
and a donor DNA molecule comprising at least two nucleic acid modifications. The guide RNA
includes a target sequence designed to hybridize with a target site in the target DNA and the
donor DNA is inserted into the target DNA molecule at the target site.

In any of the disclosed implementations, the method may further include any of the
following details, which may be combined with one another in any combinations unless clearly
mutually exclusive:

(1) the at least two nucleic acid modifications may be on a single strand of the donor
DNA molecule;

(i1) one or more nucleic acid modifications may be a modification of one or more
nucleotides or nucleotide linkages within 10 nucleotides of the 5’ end of the modified strand of
the donor DNA molecule;

(111) one or more nucleic acid modifications may be a backbone modification;

(1v) one or more nucleic acid modifications may be a phosphorothioate modification or a
phosphoramidite modification, or a combination thereof;

(v) one or more nucleic acid modifications may be a modification or substitution of a
nucleobase;

(vi) one or more nucleic acid modifications may be a modification or substitution of a
sugar,

(vit) one or more nucleic acid modifications may be a 2’-O-methyl group modification of
deoxyribose;
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(vii1) the donor DNA molecule may be a double stranded DNA molecule;

(ix) the donor DNA molecule may have a 5’ terminal phosphate on the strand opposite to
the modified strand;

(x) the donor molecule may have between one and three phosphorothiorate modifications
on the backbone within ten nucleotides of the 5” terminus of one strand of the donor molecule
and between one and three 2’-O-methyl nucleotide modifications within ten nucleotides of the 5’
terminus of one strand of the donor molecule;

(x1) the donor molecule may have between one and three phosphorothiorate
modifications on the backbone within five nucleotides of the 5° terminus of one strand of the
donor molecule and between one and three 2’-O-methyl nucleotide modifications within five
nucleotides of the 5’ terminus of one strand of the donor molecule;

(x11) the donor DNA molecule may include homology arms flanking a sequence for
integration into the genome;

(xiii) the guide RNA may be a crRNA;

(x1v) the method may further include introducing a tracr RNA into the cell;

(xv) the guide RNA may be a chimeric guide RNA;

(xvi) the RNA-guided endonuclease may be Cas9, Casl12a, Cas12b, Casl3, Casl4, or
CasX;

(xvii) at least one guide RNA may be introduced into the cell;

(xvii1) an RNA-guided endonuclease may be introduced into the cell;

(xix) the RNA-guided endonuclease may be introduced into the cell as a
ribonucleoprotein;

(xx) the RNA-guided endonuclease or the nucleic acid molecule encoding an RNA-
guided endonuclease, the at least one engineered guide RNA or the at least one nucleic acid
molecule encoding an engineered guide RNA, and the donor DNA molecule may be introduced
into the cell simultaneously;

(xx1) the cell may be a prokaryotic cell or a eukaryotic cell;

{xxii} the cell may be a mammalian cell;

(xxiii) the cell may be a human cell;

(xxiv) the cell may be a hematopaietic cell,

(xxv) the cell may be a T cell,

(xxv1) the homology arms may be from 50 to 2000 nucleotides in length;

(xxvii) the homology arms may be from 100 and 1000 nucleotides in length;

2

(xxviii) the homology arms may be from 150 to 650 nucleotides in length;
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(xxix) the homology arms may be from 150 and 350 nucleotides in length;

(xxx) the homology arms may be from 150 to 200 nucleotides in length;

(xxx1) the donor DNA molecule may include a modified strand and an opposite strand,
wherein the modified strand may include two or more nucleic acid modifications, and the
opposite strand may include a terminal phosphate;

(xxxii) the RNA-guided endonuclease and the guide RNA are introduced into the cell as a
ribonucleoprotein complex (RNP),

(xxxiii) the RNP may include a tracr RNA;

(xxxiv) the RNP may be introduced into the cell by electroporation or liposome transfer;

(xxxv) the donor DNA and the RNP may be introduced into the cell simultaneously or
separately;

(xxxvi) the donor DNA may include a gene construct;

(xxxvii) the donor DNA may include a gene construct that is at least 1.0 kb, at least 1.2
kb, at least 1.4 kb, at least 1.6 kb, at least 1.8 kb, at least 2.0 kb, at least 2.2 kb, at least 2.4 kb, or
at least 2.5 kb 1n size;

{xxxviit} the donor DNA may include a chimeric antigen receptor {CAR) or a dimeric
antigen receptor (AR} construct;

{xxxix} the target site may be selected from a T cell receptor gene, a PD-1 gene, or a
TIM3 gene;

{xxxx ) the efficiency of tosertion of the donor DNA into the target site may be at least
15%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, or at least
80%:

{xxxx1} the frequency of total off-target mutations occurring at a trequency of at least
0.2% may be less than 25%, 20%, or 15% of the frequency of mutation at the target site;

{xoooxai) the frequency of mutation at the highest frequency non-target mutation site may
be tess than 25%, 20%, or 15% of the frequency of mutation at the target site; and

{xxxxiit} there may be no detectable nontarget mutations 1n protein encoding regions of

the genome.

In some embodiments of the method the RNA-guided endonuclease is Cas9 and the
method inchudes introducing into a cell: a Cas9 endonuclease or a nucleic acid molecule
encoding a Cas9 endonuclease; at least one engineered guide RNA or at least one nucleic acid
molecule encoding an engineered guide RNA, where the guide RNA includes the target sequence
of SEQ ID NO:1; and a donor DNA molecule comprising at least two nucleic acid modifications.
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The guide RNA target sequence is designed to hybridize with a target site in the TCRa subunit
constant (TRAC) gene and the donor DNA is inserted into the target DNA molecule at the target
site. The donor DNA can include a gene that may be expressed in the cell. In various examples
the donor DNA includes a gene or genetic construct the genetic construct that is at least 1.0 kb, at
least 1.2 kb, at least 1.4 kb, at least 1.6 kb, at least 1.8 kb, at least 2.0 kb, at least 2.2 kb, at least
2.4 kb, or at least 2.5 kb in size. In various embodiments the gene or genetic construct can
encode an immunological molecule, an immunomodulatory protein, or a receptor. For example,
the donor can encode a CAR or DAR, or can encode a T Cell Receptor Fusion Construct (TFP;
US20210079057, incorporated herein by reference), or an antibody-TCR chimeric molecule
(abTCR; US 10, 098,451, incorporated herein by reference).

The methods herein can be used to introduce an RNA-guided endonuclease, e.g., Cas9, a
guide RNA, and a modified donor DNA as disclosed herein for integration into the genetic locus
targeted by the guide RNA, into a population of cells for integration of the donor DNA into the
genome of the cells of the population. The efficiency of insertion of the genetic construct of the
donor DNA can be, in various examples, at least 15%, at least 20%, at least 30%, at least 40%, at
feast S0%, at least 60%, at least 70%., or at least 80%. In various embodiments at least 20%,. at
feast 30%, at ieast 40%, or at least 50% of the cells transfected with the RNA-guided
endonuclease in combination with the guide and a donor DNA modified as disclosed herein that
includes a genetic construct may express the genetic construct while not expressing the T cell
receptor. Using the methods provided herein the Cas® endonuciease io combination with the
guide comprising the target sequence of SEQ 12 NO:1 and a donor DNA may result in cells of
the population having a frequency of indels at the highest-frequency off-target site of less than
10%. Using the methods provided heremn the Cas9 endonuclease in combination with the guide
comprising the target sequence of SEQ ID NGO T may result in cells of the population having no
detectable off-target mutations in the coding regions of genes.

In various embodiments, the RNA-guided endonuclease, e.g., Cas9, s delivered to the
cells as a protein complexed with a guide RNA, which may be an sgRNA (e.g., a chimeric
guide), or the guide RNA may be a crRNA and the RNP that is introduced into the cell may
further include a tractrRNA. A donor DNA, such as a ds donor DNA fragment having one or
more chemical modifications at the 5° terminus of one strand as described herein, and optionally
having a 5’ terminal phosphate at the 5* terminus of the opposite strand, can be introduced into
the cell along with the RNP, i.e., in the same transfection, or can be separately transfected into
the cell. Introduction of the RNP can be, for example, by electroporation, or may be by chemical
transfection, or for example, by lipofection, liposome delivery, or nanoparticle delivery. In
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certain embodiments, the donor DNA can include an expression construct. For example, the
donor DNA can include a construct that encodes an immunological molecule, i.e., a molecule
comprising a binding domain of an antibody and/or an immunomodulatory molecule, such as, for
example, a cytokine, a receptor domain, a checkpoint molecule or checkpoint inhibitor, etc.
Delivery of an RNA-guided endonuclease (or a nucleic acid molecule encoding an RNA-guided
endonuclease), a guide RNA (or a nucleic acid molecule encoding a guide RNA), and a donor
DNA as disclosed herein into a cell results in integration of the donor DNA into the target site
recognized by the guide RNA. The methods can result in a low level of off-target mutations, for
example, less than a 10% frequency of off-target mutations at the highest-frequency oft-target
site.

In further embodiments, the RNA-guided endonuclease, e.g., Cas9, is delivered to a
population of cells as a protein complexed with a guide RNA that includes the target site of SEQ
ID NO:1, which may be an sgRNA (e.g, a chimeric guide), or the guide RNA may be a crRNA
and the RNP that is introduced into the cells may further include a tractfRNA. A donor DNA,
such as a double stranded (ds) donor DNA fragment having one or more chemical modifications
at the 5” terminus of one strand as described herein, and optionally having a 5° terminal
phosphate at the 5° terminus of the opposite strand, can be introduced into the cell along with the
RNP, i.e, in the same transfection, or can be separately transfected into the cell. Introduction of
the RNP can be, for example, by electroporation, or may be by chemical transfection, for
example, by lipofection. In certain embodiments, the guide RNA may target the T cell receptor.
In certain embodiments, the donor DNA can include an expression construct. For example, the
donor DNA can include a construct that encodes an immunological molecule, i.e., a molecule
comprising a binding domain of an antibody or an immunomodulatory molecule. The population
of cells may be a population of T cells, e.g., a population of primary T cells. Delivery of an
RNA-guided endonuclease (or a nucleic acid molecule encoding an RNA-guided endonuclease),
a guide RNA (or a nucleic acid molecule encoding a guide RNA), and a donor DNA as disclosed
herein into a cell population results in integration of the donor DNA into the genome of the cells
in at least 20%, at least 30%, at least 40%, or at least 50% of the cells. Delivery of an RNA-
guided endonuclease (or a nucleic acid molecule encoding an RNA-guided endonuclease), a
guide RNA (or a nucleic acid molecule encoding a guide RNA), and a donor DNA as disclosed
herein into a cell population results in expression of a gene encoded by the donor DNA and the
absence of T cell receptor expression in at least 20%, at least 30%, at least 40%, or at least 50%
of the cells. The frequency of mutation of the highest frequency nontarget site by Cas9
complexed with a guide RNA that include the target sequence of SEQ ID NO:1 in the cell

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2022/015956 PCT/US2021/041790

population transfected with the Cas9 nuclease, guide sequence that includes SEQ ID NO:1, and
donor DNA can be less than 10%, less than 5%, less than 2%, less than 1%, or less than 0.5%.
The frequency of insertion of the donor DNA into a coding region of a gene other than the
targeted TRAC gene in some embodiments can be undetectable in the cell population.

According to a second aspect, a system for targeted integration of a donor DNA into a
target locus s described. The system includes: an RNA-guided endonuclease or a nucleic acid
molecule encoding an RNA guided endonuclease; a guide RNA or a nucleic acid molecule
encoding a guide RNA; and a double-stranded donor DNA molecule. The donor DNA molecule
includes one or more phosphorothiocate bonds on a single strand of the double stranded DNA
molecule within ten or within five nucleotides of the 5” terminus of the modified strand of the
donor DNA molecule, and may further include one or more base or sugar modifications on one
or more nucleotides within ten or within five nucleotides of the 5’ terminus of the modified
strand of the donor DNA molecule. The donor can be, for example, any of the donor DNA
molecules having any of the modifications provided herein.

In any of the disclosed implementations, the system may further include any of the
following details, which may be combined with one another in any combinations unless clearly
mutually exclusive:

(1) the system may include an RNA-guided endonuclease;

(11) the system may include a guide RNA,;

(i11) the donor DNA molecule may further include at least one modification of a sugar
moiety or nucleobase of the modified strand within ten nucleotides of the 5’ terminus of the
modified strand of the nucleic acid molecule;

(iv) the donor DNA may have homology arms flanking a sequence of interest for
integration into the genome;

(v) the donor DNA may include a genetic construct flanked by homology arms where the
genetic construct is at least 1.0 kb, at least 1.2 kb, at least 1.4 kb, at least 1.6 kb, at least 1.8 kb, at
least 2.0 kb, at least 2.2 kb, at least 2.4 kb, or at least 2.5 kb in size;

{v} the donor DNA may include a chimeric antigen receptor {CAR) or a dimeric antigen
receptor (BAR) construct;

(v) the one or more phosphorothioate bonds on the single strand of the double stranded
DNA molecule may be within five nucleotides of the 5’ terminus of the modified strand of the

nucleic acid molecule;
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(v1) the at least one modification of a sugar moiety or nucleobase of the modified strand
may be within five nucleotides of the 5’ terminus of the modified strand of the nucleic acid
molecule;

(vii) the at least one modification of a sugar moiety may include a 2’-O methylation;

(viii) the sequence of interest may include an expression cassette;

(ix) the expression cassette may include a construct including one or more antibody or
receptor domains;

(x) the homology arms may be between 50 and 5000 nucleotides in length;

(x1) the homology arms may be between 100 and 1000 nucleotides in length;

(xii) the homology arms are between 150 and 800 nucleotides in length;

(x111) the nuclease may be selected from the group consisting of Cas9, Cas12a, Cas12b,
CasX, and combinations thereof;

(x1i1) the guide RNA may be a chimeric guide having sequences of both a crRNA and a
tractrRNA,;

(x1v) the guide RNA may be a crRNA,;

(xv) the guide RNA may include one or more phosphorothioate (PS) oligonucleotides;

(xvi) the guide RNA may be a crRNA and the system may further include a tracrRNA,;

(xvii) the guide RNA may be a single guide RNA;

(xviii) the system may include a ribonucleoprotein complex including the RNA-guided

endonuclease and the guide RNA.

In some embodiments, a system for targeted integration of a donor DNA into a target
locus as provided herein includes: an Cas9 endonuclease or a nucleic acid molecule encoding a
Cas9 endonuclease; a guide RNA or a nucleic acid molecule encoding a guide RNA, where the
guide RNA includes the target sequence of SEQ ID NO:1; and a double-stranded donor DNA
molecule. The donor DNA molecule includes one or more phosphorothioate bonds and one or
more O-methylated modified nucleotides on a single strand of the double stranded DNA
molecule within ten nucleotides of the 5’ terminus of the modified strand of the nucleic acid
molecule.

According to a third aspect, a composition for generating a donor DNA molecule is
described. The composition includes: a first primer (single stranded deoxyoligonucleotide)
having one or more phosphorothioate bonds and one or more modified nucleotides within five
nucleotides of the 5° terminus of the oligonucleotide; and a second primer (single stranded
deoxyoligonucleotide) having a 5 terminal phosphate. The first and second primers may be

10
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homologous to sequences on opposite sides of a target site for an RNA-guided endonuclease in a
target genome. The first primer can include one or more phosphorothioate bonds and one or
more 2’-O-methyiated nucleotides within five nucleotides of the 5° terminus of the modified
strand of the oligonucleotide, for example, the first primer can have three phosphorothioate
linkages and three 2’-O-methyviated nucleotides. The primers can be, for example, from 17 to 100
nucleotides in length, for example, from 17 to 30 oligonucleotides in length. The primers are
designed to hybridize to opposite strands of a genomic sequence on either side of cas target site
in a genome, such as in a human gene, so that donor fragments based on constructs having
flanking sequences homologous to sequences surrounding a target site of interest can be
produced with the desired nucleotide or backbone modifications.

According to a fourth aspect, a double-stranded donor DNA molecule configured to
integrate a sequence of interest into a target site of a host genome is described. The double-
stranded donor DNA molecule includes one or more modifications to nucleotides of one donor
DNA strand; homology arms flanking the sequence of interest, where the homology arms inclnde
sequences homologous to sequences occurring in the host genome on either side of the target
site; and from one to ten modified nucleotides that occur within ten sucleotides of the 57 end of
one strand of the donor DNA.

In any of the disclosed implementations, the double-stranded donor DNA molecule may
further include any of the following details, which may be combined with one another in any
combinations unless clearly mutually exclusive:

(1) the double-stranded donor DNA molecule may include from one to five modified
nucleotides that be within five nucleotides of the 5 end of one strand of the donor DNA;

(11) the modified nucleotides may include from 1 to 4 phosphorothioate {(PS) linkages, or
from 1104 2’-0-methylation modifications, or a combination thereof,

(i11) one strand of the double-stranded donor DNA molecule may have two or more
modifications on any of the first ten or first five nucleotides from the 5 end and the other strand
has a terminal 3” phosphate,

{iv} the sequence of interest may include a CAR or DAR construct;

{v} the sequence of interest may be is at least 1.0 kb, at least 1.2 kb, at least 1.4 kb, at
least 1.6 kb, at least 1.8 kb, at least 2.0 kb, at least 2.2 kb, at least 2.4 kb, or at least 2.5 kb in
size;

{v) the target site may be selected from a T cell receptor gene, a PD-1 gene, or a TIM3

gene.
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{vi} the target site may be exon 1 of the T cell receptor gene, and may be the target site of
SEQ ID NO:1.

According to a fifth aspect, a host cell is described. The host cell includes a donor DNA
as described heretn integrated into a target DNA molecule as described herein, wherein the host
cell may be produced by any of the methods described herein. Also provided is a population of
cells provided in which at least 20%, at least 30%, or at least 40% of the cells of the population
express a genetic construct of at least 1.0, at least 1.2 kb, at least 1.4 kb, at least 1.6 kb, at least
1.8 kb, at least 2.0 kb, at least 2.2 kb, at least 2.4 kb, or at least 2.5 kb in size that is integrated
into a targeted site of the genome), where none of the cells include a viral vector or any
sequences derived therefrom. In some examples, the none of the cells of the population include
any vector sequences, any viral sequences, or any bacterial sequences. In some examples, a
population of T cells provided herein that include a genetic construct integrated into a targeted
site of the genome does not have any retroviral or adenoviral sequences detectable in the
population.

In a further aspect a population of primary T cells is provided in which at least 20%, at
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, or at least 90% of
the cells of the population express a genetic construct that is integrated into the genome and do
not express a gene that is knocked out by the targeted integration (e.g., a TRAC gene or another
targeted gene), where none of the cells include a viral vector or any sequences derived therefrom.
In some examples, none of the cells of the population include any vector sequences, any viral
sequences, or any bacterial sequences. In some examples, a population of T cells provided herein
that include a genetic construct integrated into a targeted site of the genome does not have any
retroviral or adenoviral sequences detectable in the population. The integrated genetic construct
can be at least 1.5 kb, at least 1.7 kb, at least 1.9 kb, at least 2 kb, at least 2.1 kb, at least 2.2 kb,
at least 2.3 kb, or at least 2.4 kb in length. In nonlimiting example, the genetic construct can be a
construct encoding an immunological molecule (e.g., a protein having at least one binding
domain derived from an antibody) or engineered receptor, such as for example a CAR or DAR
construct.

In some embodiments of the primary T cell population provided herein having a genetic

construct integrated into the genome, the construct is integrated into a Cas9 site, i.e., a site
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adjacent to a Cas9 PAM. In various embodiments, the population of primary T cells includes a
genetic construct integrated into exon 1 of the TRAC gene, and in some embodiments, the
genetic construct is integrated into the target site of SEQ ID NO:1. In some embodiments, the
frequency of mutation of the highest frequency mutated nontarget site in the population can be
less than 20%, less than 15%, less than 10%, less than 5%, less than 2%, less than 1%, or less
than 0.5%. In some embodiments the frequency of insertion of the donor DNA into a coding
region of a gene other than the targeted TRAC gene can be undetectable, for example, using a
nonbiased method such as iGUIDE or by amplicon sequencing.

In another aspect, provided herein is a population of cells in which at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95% of the cells of the
population have a protein-encoding exogenous genetic construct integrated into the TRAC locus,
where the cells express the encoded protein and do not express the T cell receptor. In various
embodiments the protein encoded by the construct may be a receptor, such as an engineered
receptor, and in particular embodiments can be a DAR. In various embodiments at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95% of the cells of
the population have an exogenous genetic construct integrated into the TRAC locus and the
frequency of mutation at the highest frequency off-target site is less than 25%, less than 20%,
less than 15%, or less than 10% of the frequency of mutation at the target site. The frequency of
off-target mutations that occur in a protein encoding region of the genome may be undetectable
using an unbiased off-target detection method such as iGUIDE. The exogenous genetic construct
may be integrated into the TRAC gene target site of SEQ ID NO:1. In some embodiments the
exogenous genetic construct can be a DAR and in some embodiments is a CD38 DAR. For
example, the cells of the population can include a CD38 DAR genetic construct that encodes the
precursor polypeptide of SEQ ID NO:52. In some embodiments the CD38 DAR construct
comprises SEQ ID NO:51 or a nucleotide sequence having at least 95% identity thereto. The
population of cells can be a population of T cells, for example primary human T cells. The
population of cells may be a population of human primary T cells enriched for cells that express

the CD38DAR and do not express the T cell receptor for use in allogeneic cell-based therapies.
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A provides chemical drawings that show, in the right structure, a phosphorothioate
(PS) modification of the bond between nucleotides as they might occur in a primer. The
nucleotides shown in the oligonucleotide on the left are attached via a (nonmodified)
phosphodiester bond. FIG. 1B provides a chemical drawing of an oligonucleotide having two PS
bonds that join the 5’-most nucleotide to the next nucleotide “downstream” in the
oligonucleotide, which in turn 1s attached to the following downstream nucleotide of the
oligonucleotide by a PS bond. The 5’-most nucleotide of the oligonucleotide includes a 2 O-
methyl modification.

FIG. 2A 1s a diagram showing structure of a donor DNA construct, such as a CAR donor
DNA construct that includes an open reading frame having a sequence encoding a single chain
variable fragment (scFv), followed by the CD8a leader peptide which is then followed by a
CD28 hinge-CD28 transmembrane-intracellular regions and then a CD3 zeta intracellular
domain. The coding sequence is preceded by a JeT promoter (SEQ ID NO:3) and the construct
includes homology arms (HA), in this case matching sequences of the human TRAC locus,
flanking the promoter plus coding sequences. This provides a diagram of the template DNA used
for generating donor DNA. The anti-CD38A2 contains a CD38 CAR transgene with expression
driven by the JeT promoter and flanked by homology arms on the 5” and 3’ sides to enable
targeted integration. FIG. 2B shows primer design for confirming knock in, showing the same
diagram as in FIG. 2A and also indicating the positions of PCR primers used to confirm CAR
integration by amplification with one primer located within the CAR and one primer in TRAC
outside of the homology arms at both the 5’ and 3 ends to generate 1371-bp and 1591-bp
products, respectively, when integration is at the targeted integration site.

FIG. 3A provides flow cytometry plots of PBMCs 8 days after transformation with a
donor DNA that included a construct for expressing an anti-CD38 CAR and an RNP comprising
a guide RNA targeting the TRAC locus. The CAR cassette was flanked by homology arms
having homology to TRAC locus sequences flanking the integration target site in exon 1 of the
TRAC gene. The Y axis reports cell size. Anti-CD38 construct expression is along the x axis.
Negative control: no donor DNA was transformed into the target cells; No modification- the

donor DNA had no chemical modifications; PS modification; three phosphorothioate bonds
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occurred within the 5’-most five nucleotide backbone positions; PS +2’-OMe: in addition to
phosphorothioate bonds, the three nucleotides within the 5’-most five nucleotides of the donor
included 2’-OMe in addition to PS modifications; TCR KO/retroviral construct: the cells were
transfected with the RNP in the absence of donor DNA to knock out the TCR gene and
transduced with a retrovirus to express the anti-CD38 CAR. FIG. 3B provides the results of flow
cytometry performed on the same cultures as in A) ten days after transfection. FIG. 3C provides
the results of flow cytometry performed on the culture that received the doubly-modified donor
DNA and control (TRAC knockout only and TRAC knockout with retroviral transduction)
twenty days after transfection.

FIG. 4 shows a gel of PCR products showing integration of the donor DNA at the
targeted TRAC (Exon1) site. Primary human T cells were electroporated with TRAC RNP only
or together with ssDNA. PCR was used to confirm the presence of the anti-CD38A2 CAR
transgene integrated in the TRAC locus two weeks post-electroporation (lanes 3 and 6, depicting
products from 5” and 3’ integration regions). No bands were observed in non-transformed ATCs
(lanes 1 and 4) or T cells that were transformed with the TRAC exon 1 targeting RNP but did not
receive the donor DNA (lanes 2 and 95).

FIG. 5 is a graph showing cytotoxicity assay results with Activated T cells (ATCs, stars)
as a control, TCR knock out ATC, anti-CD38A2 retrovirus transduced CART cells RV CART,
black line), TRAC knock out retrovirus transduced CART cells (dots), TRAC knock out together
with phosphorothioate modified ss donor DNA knock in (dashes), TRAC knock out together
with phosphorothioate and 2’ O-Methyl modified ssDNA knock in (dashes and dots).

FIGS. 6A-6C provide graphs of the results of cytokine secretion assays using anti-CD38
CART cells and controls co-cultured with K52 or RPM 18226 cells. The T cell cultures tested are
as provided in FIG. 5.

FIG. 7 provides the results of testing donor DNAs having homology arms (HAs) of
different lengths. Cultures were assessed by flow cytometry for loss of TCR expression (Y axis)
and anti-CD38 expression (X axis).

FIG. 8 provides the results of testing double stranded donor DN As modified by the

addition of three PS bonds and three 2°O methyl nucleotides proximal to the 5° end of one strand
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of the donor DNA molecule. Cultures were assessed by flow cytometry for loss of TCR
expression (Y axis) and anti-CD38 expression (X axis).

FIG. 9 provides the results of flow cytometry on cells transfected with a ds PS and 2’-
OMe- modified donor DNA that included a cassette for expressing an anti-CD19 CAR. The
donor was directed to the TRAC exon 1 locus by cotransfection with an RNP. TCR expression is
determined on the Y axis and anti-CD19 CAR expression on the Y axis.

FIG. 10 provides the results of flow cytometry on cells 22 days post-transfection with a
ds PS and 2’-OMe- modified donor DNA that included a cassette for expressing an anti-BCMA
CAR. The donor was directed to the TRAC exon 1 locus by cotransfection with an RNP, TCR
expression is determined on the Y axis and anti-BCMA CAR expression on the Y axis.

FIG. 11 provides the results of flow cytometry on cells 10 days post-transfection with a
ds PS and 2°-OMe- modified donor DNA that included a cassette for expressing an anti-CD19
CAR. In one culture, the donor had homology arms derived from TRAC exon 3 was directed to
the TRAC exon 3 locus by cotransfection with an RNP having an exon 3 guide RNA (2" panel).
In another culture, the donor had homology arms derived from TRAC exon 1 was directed to the
TRAC exon 1 locus by cotransfection with an RNP having an exon 1 guide RNA (2" panel).
TCR expression is determined on the Y axis and anti-CD19 CAR expression on the Y axis.

FIG. 12 provides the results of flow cytometry on cells transfected with a ds PS and 2’-
OMe- modified donor DNA that included a cassette for expressing an anti-C38 CAR and
homology arms derived from the TRAC gene or the PD-1 gene. In one culture, the donor had
homology arms derived from TRAC exon 1 was directed to the TRAC exon 1 locus by
cotransfection with an RNP having an exon 1 guide RNA (3rd panel). In another culture, the
donor had homology arms derived from the PD-1 locus and was directed to the PD-1 gene by
cotransfection with an RNP having a PD-I gene guide RNA (4th panel). TCR expression is
determined on the Y axis and anti-CD38 or anti-PD-1 CAR expression on the Y axis.

FIG. 13 provides the results of flow cytometry on cells transfected with a ds PS and 2’-
OMe- modified donor DNA that included a cassette for expressing a CD38 DAR. TCR
expression 1s determined on the Y axis and anti-CD19 CAR expression on the Y axis.

FIG. 14 is a graph showing cytotoxicity assay results with TCR knock out ATCs and T
cells produced using the methods provided herein that express a CD38DAR.
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DETAILED DESCRIPTION

The present disclosure provides an improved, safer, and commercially efficient process
for developing genetically engineered and transduced cells for immunothetapy. More
specifically, the disclosed process comprises introducing an RNA-guided endonuclease, a guide
RNA, and a donor DNA construct into host cells, where the guide RNA is engineered to direct
the cas protein with which 1t is complexed to a targeted site of the host genome. Cleavage of the
genomic DNA at the target site by the RNA-guided endonuclease and subsequent repair of the
double stranded break using the donor fragment that includes homology arms by homology-
directed repair (HDR) results in integration of sequences of the donor DNA molecule positioned
between the homology arms. The method can be used to siraultaneously knock out a gene at the
target locus and 1nsert ot “knock 17 at the disrupted locus a transgene that s provided inthe
donor DNA molecule. The method can be used on any host cells, including prokarvotic and
eukaryotic cells, and can be used with mammalian cells, such as human cells. The method has
advantages in ease of use, efficiency, and the ability to generate genome modifications that do
not entail the use of selectable markers or viral vectors that are undesirable 1n many applications,
wncluding clinical applications. In some embodiments, the host cells are hematopoietic cells, such
as, for example, T cells.

The present disclosure also provides donor DNA compositions, where the donor DNA
molecule includes one or more modifications to nucleotides of oue donor DNA strand. The
donor DNA can include homology arms flanking a sequence of interest whose integration into
the host genome is desired, where the homology arms have sequences homologous to sequences
occurring in the host genome on etther side of the target sequence. The donor DNA in some
embodiments 1s double~-stranded. In various embodiments the donor DNA includes from one to
ten modified nucleotides that are proximal to the 57 end of one strand of the donor DNA, for
example, that occur within ten nuclectides or within five nucleotides of the 57 terminus of one
strand of the donor DNA. In some embodiments the donor DNA has at least two types of nucleic
acid modification of from one to ten nucleotides at the 37 end of one sirand of the donor DNA In
some embodiments the donor DNA has two types of nucleie acid modification of from one to ten
nuclectides at the 5° end of one strand of the donor DNA. The modification may be, for example,
phosphorothioate (PS) linkages between nucleotides, or may be 27-O-methyiation of the
deoxyribose of one or more nuclectides of the donot DNA molecule. For example, a donor DNA
molecule can have one, two, three or four PN bonds within the first five, first six, or first seven

nucleotides from the 57 end of the modified strand and can also have one, two, three or four 27-
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Oemethyl modified nuclectides within the first five, first six, or first seven nucleotides from the
5" end of the modified strand. In some embodiments the donor DNA molecule is double-stranded
and one strand comprises the modifications at the 5™ end. In some embodiments the donor DNA
molecule 18 double-stranded and one strand has two or more modifications on any of the first ten
or furst five nucleotides from the 57 end and the opposite strand has a terminal §° phosphate. In
various embodiments, the donor DNA molecule is double-stranded and has at least two PS bonds
and at feast two 2°O-methyl-modified nuclectides on one strand of the donor DNA, where the PS
and 27-0 methyl modifications occur within the fivst five nucleotides from the 57 end of the
modified strand. In various embodiments, the donor BNA molecule is double-stranded and has
three P'S bonds and three 2°O-methyl-modified nuclectides on one strand of the donor DNA,
where the PS and 2°-0 methyl modifications oceur within the first five nuclectides from the 57
end of the modified strand. In some examples of these embodiments, the opposite strand includes
aterminal 5 phosphate. The donor PNA is introduced into the cell as a double-stranded
molecule.

The present disclosure further provides a donor DNA construct designed for inserting a
CAR (chimeric antigen receptor) into a host cell. Further, the present disclosure provides a host
cell transduced with & CAR that facks viral vectors. The disclosure provides for more efficient
and more cost-effective process for engineering T cells to express CAR constructs. The CAR
construct can include homology arms that target the construct to a T cell receptor gene, PD-1
gene, or TIM3 gene, a3 nonlimiting examples, for simultaneous knock-1n of the CAR coustruct
and knock out of the TCR, PD-1, or TIM3 gene.

In a further aspect, provided herein is a system for genome modification that comprises:
an RNA-guide endonuclease or a nucleic acid molecule encoding an RNA-guide endonuclease; a
guide RNA or a nucleic acid molecule encoding a guide RNA; and a donor DNA molecule,
where the donor DNA molecule includes at least one nucleotide modification within ten or
within five nucleotides of the 5 terminus. In some embodiments the donor DNA 1s double-
stranded and includes at least one, at least two, or at least three modifications on at least one, at
least two, or at least three nucleotides occurring within ten or within five nucleotides of one
strand of the double stranded donor molecule. The modifications can be, for example,
phosphorothioate bonds and/or 2’-O methylation of nucleotides. The donor DNA can have
homology arms flanking a sequence of interest to be integrated into the genome. The sequence of
interest can be an expression cassette, for example, for expression of a construct that includes

one or more antibody or receptor domains. Homology arms can be between about 50 and about
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5000 nucleotides in length, or between about 100 and 1000 nucleotides in length, for example
between about 150 and about 800 nucleotides in length.

In some embodiments, the nuclease is selected from the group consisting of Cas9,
Casl2a, Casl2b, CasX, and combinations thereof. The guide RNA can be a chimeric guide,
having sequences of both crRNA and tractRNA, or can be a crRNA, and can optionally include
one or more phosphorothioate (PS) oligonucleotides. Where the guide is a crRNA, and the RNA-
guided endonuclease uses a tractRNA, the system can also include a tractfRNA. For example,
Cas9 can be used with a crRNA and a tractRNA or can be used with a chimeric guide RNA
(sometimes called a single guide or “sgRNA”) that combines structural features of the crRNA
and tractfRNA. Cas12a on the other hand naturally uses only a crRNA and has no associated
tracrRNA. In various embodiments, the RNA-guide endonuclease, guide RNA (that can be a
crRNA or a chimeric guide RNA), and, when included, tracr RNA, can be complexed as a
ribonucleoprotein complex that is introduced to the cell. The donor DNA can be introduced into
the target cell together with the RNP, or separately, for example, in a separate electroporation or
transfection.

Also provided herein is a method for site-specific integration of a donor DNA into a
target DNA molecule, where the method includes introducing into a cell: an RNA-guided
endonuclease or a nucleic acid molecule encoding an RNA-guided endonuclease; at least one
engineered guide RNA or at least one nucleic acid molecule encoding an engineered guide RNA;
and a donor DNA molecule comprising at least one nucleic acid modification; where the guide
RNA comprises a target sequence designed to hybridize with a target site in the target DNA and
the donor DNA is inserted into the target DNA molecule at the target site. In various
embodiments the donor DNA includes at least two modified nucleotides, which can have the
same or different modifications, and preferably occur within ten or within five nucleotides of the
5 terminus of one strand of the donor DNA. In some embodiments, the donor DNA 1s double-
stranded and the one or more nucleotide modifications occur on a single strand of the donor
DNA molecule. In some embodiments, the donor DNA 1s double-stranded and the one or more
nucleotide modifications occur on a single strand of the donor DNA molecule within ten or
within five nucleotides of the 5’ terminus of the modified strand. In some embodiments, the
donor DNA includes a backbone modification such as a phosphoramidite or phoshorothioate
modification. In some embodiments, the donor DNA includes a modification of a sugar moiety
of a nucleotide. In some embodiments, the donor DNA is double stranded and includes at least
one, at least two, or at least three phosphorothioate modifications within five nucleotides of the
5’ end of a single strand of the donor DNA molecule and further includes at least one, at least
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two, or at least three 2’-O-methylated nucleotides within five nucleotides of the 5” end of a
single strand of the donor DNA molecule. In various embodiments the donor DNA includes
homology arms flanking a DNA sequence of interest, such as, for example, an expression
cassette, where the homology arms have homology to sites in the target genome on either side of
the target site of the RNA-guide endonuclease. Homology arms can be from about 50 to about
2000 nt in length, and may be, for example between 100 and 1000 nt in length, or between 150
and 650 nt in length, for example, between 150 and 350 nt in length, or 150 to 200 nt in length.
In various embodiments a donor DNA molecule has two or more nucleotide modifications on the
modified strand and the opposite strand includes a terminal phosphate.

The RNA-guided endonuclease can be a cas protein and can be, as nonlimiting example,
a cas9, casl2a, or casX protein. In various embodiments of the method, the RNA-guided
endonuclease and an RNA guide are introduced into the cell as a ribonucleoprotein complex
(RNP). The RNP can in some embodiments further include a tracr RNA. An RNP can be
introduced into a target cell by any feasible means, including electroporation or liposome
transfer, for example. The donor DNA can be delivered to the cell simultaneously with the RNP,
or separately.

Also included herein are methods of producing a donor DNA molecule, where the
method includes amplifying a template DNA that includes homology arms flanking a sequence
of interest using a first primer that includes at least two nucleotide modifications within the first
five nucleotides of the 5° terminus of the primer, and a second primer that includes a 5* terminal
phosphate. In various embodiments the first primer can include at least two, at least three, at least
four, at least five, at least six, at least seven, at least eight, at least nine, or at least ten
modifications, and can include more than one type of modification. For example, a primer for
producing a donor DNA molecule can include at least one phosphorothioate modification and at
least one 2’O-methyl modification of a nucleotide within five nucleotides of the 5° terminus of
the primer.

Further included is a composition that comprises primers for amplification of a donor
DNA fragment for insertion into a mammalian genome. The composition can include a first
DNA oligonucleotide primer and a second DNA oligonucleotide primer, where each of the first
and second oligonucleotide primers include at least one 2’O-methyl modification of a nucleotide
within five nucleotides of the 5° terminus of the primer and at least one phosphorothioate
modification within five nucleotides of the 5’ terminus of the primer. The first and second
oligonucleotide primers are a primer pair, where the first and second primers are able to amplify

a sequence that includes a target site of comprises a sequence of at least 18 nucleotides that is on
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one side of a target site for a cas nuclease and the second primer comprises a sequence of at least

18 nucleotides that is on the opposite strand side of a target site for a cas nuclease

Definuions

Unless specifically indicated otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by those of ordinary skill in the art. In addition,
any method or material similar or equivalent to a method or material described herein can be
used 10 the practice of the present disclosure.

L{an

The terms "a," "an,” or "the” as used herein not only include aspects with one member,

but also include aspects with more than one member. For instance, the singular forms "a," "an,”
and "the" include plural referents unless the context clearly dictates otherwise. Thug, for
exarople, reference to "a cell” icludes a plurality of such cells and reference to "the agent”
includes reference to one or more agents known to those skitled in the art, and so forth,

Where the term “comprising” is used, embodiments that “consist essentially of” and
“consist of” the ttem(s) or steps are also encompassed.

The term "primary cell” refers to a cell 1solated directly from a multicellular organism.
Primary cells typically bave undergone very few population doublings and are therefore more
representative of the main functional component of the tissue from which they are derived in
comparison to continuous {turmor or artificially immortalized) cell lines. In some cases, primary
cells are cells that bave been 1solated and then used omediately. In other cases, primary cells
cannot divide indefinitely and thus cannot be cultured for long periods of time in vifro.

The term "genome editing” refers to a type of genetic engineering in which DNA s
inserted, replaced, or removed from a target DNA e.g., the genome of a cell, using one or more
nucleases. The nucleases create specific double-strand breaks (DSBs) at desired locations ina
genome and harmness a cell's endogenous mechanisms to repair the induced break by homology-
directed repair (HDR] (e.g., homologous recombination) or by nonhomologous end joining
{NHET}). Any suitable nuclease can be introduced into a cell to induce genome editing of a target
DNA sequence ncluding, but not limited to, CRISPR-associated protein (Cas) nucleases, zine
finger nucleases (ZFNs), transcription activator-like effector nucleases (TALENs),
meganucieases, other endo- or exo-nucleases, variants thereof, fragments thereof, and
combinations thereof. Nuclease-mediated genome editing of a target DNA sequence can be
"induced" or "modulated” (e.g, enhanced) using the mwoditied single guide RNAs (sgRNAs)
described herein in combination with Cas nucleases {e.g., Cas9 polypeptides or Cas? mRNA}, to
improve the efficiency of precise genome editing via homology-directed repair (HDR).
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The term "homology-directed repatr” or "HDR" refers to a mechanism 1n cells to
accurately and precisely repair double-strand DINA breaks using a homologous template to guide
repair. The most common form of HDR 15 homologous recombination (HR), a type of genetic
recombination 1n which nucleotide sequences are exchanged between two similar ot identics)
molecules of DNA.

The term "nonhomeologous end joining" or "NHEI" refers to a pathway that repairs
double-strand DNA breaks in which the break ends are directly ligated without the need for a
homologous template.

The term "nucleic acid,” "nucleotide,” or "polynucleotide” refers to deoxyribonucleic
acids (IDNA)}, ribonucleic acids (RNA) and polymers thereot in either single-, double- or multi-
stranded torm. The term ncludes, but 1s not limited to, single-, double- or multi- stranded DNA
or RNA, genomic DNA, ¢cDNA, DNA-RNA hybrids, or a polymer comprising purine and/or
pyrimidine bases or other natural, chemically modified, biochemically modified, non-natural,
svnthetic or derivatized nucleotide bases. In some embodiments, a nucleic acid can comprise a
mixture of DNA, RNA and analogs thereof. The term also encompasses nucleic acids containing
known analogs of natural nucleotides that have suvular binding properties as the reference
nucleie acid and are metabolized in a manner similar to naturally occurring nucleotides. A
particular nucleic acid sequence also encompasses conservatively moditied variants thereof (e g |
degenerate codon substitutions ), alleles, orthologs, single nucleotide polymorphisms (SNPs}, and
complementary sequences as well as the sequence explicitly indicated. Specifically, degenerate
codon substitutions may be achieved by generating sequences in which the third position of one
or more selected {or all) codons is substituted with mixed-base and/or deoxyinosine residues
{Batzer et al, Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al, /. Biol Chem. 260:2605-2608
{1985); and Rossolini et al, Mo/l Cell. Probes §:91-98 (1994)). The term nucleic acid 15 used
interchangeably with gene, cDNA, and mRNA encoded by a gene.

This application discloses targeted integration of nucleic acid constructs into a host
genome directed by an RNA-guided endonuclease. As is known in the art, the use of the term
“target site” refers to a site proxirval to a PAM sequence of a CRISPR systern where double-
stranded cutting of the RNA-guided endonuclease {and, where applicable, nucleic acid construct
integration} occurs, although due to cellular repair mechanisms, modifications that cccur dueto a
Cas enzyme may be proximal to, but outside, the defined target site, for example, may be
observed within 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 150, or 200
nucleotides of the defined target site. As disclosed herein, a guide RNA that is designed for

modification at a referenced target site or that “targets” a referenced sequence (target site} in the
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genome, or that has, includes, or comprises a referenced target site sequence, or has, includes, or
comprises a sequence corresponding to a referenced target site sequence, or similar language, is
understood to include a sequence of ribonuclectides (i.¢., a ribonucleotide sequence) or a
sequence that comprises both deoxyoucleotides plus ribonucleotides, where the sequence is
equivalent in base sequence 10 the referenced target sequence, with uraci substituting for
thymine in the ribonuclectides of the guide sequence. For example, where the target sequence is
SE(Q ID NO:1 (CAGGGTTCTGGATATCTGT], the sequence in a guide RNA {for example,
ctRNA) that includes the target site sequence 1s understood to corprise ribonucleotides rather
than deoxyribonuclectides and to substitute uraci] ribonucleotides for thymine deoxynucleotides,
e.g., the guide will include the sequence: CAGGGUUCUGGAUAUCUGU.

The term "nucleotide analog” or "modified nucleotide” refers to a nucleotide that contains
one or more chemical modifications {e.g., substitutions}, in ot on the nitrogenous base of the
nucieoside {e.g., cytosine (C}, thymine (T} or uractl (U}, adenine (A} or guanine {(G}), inor on
the sugar moiety of the nucleoside (e.g., ribose, deoxyribose, modified ribose, modified
deoxyribose, six-membered sugar analog, or open-chain sugar analog), or the phosphate.

The term "gene” or "nucleotide sequence encoding a polypeptide” means the segment of
DNA invelved tn producing a polypeptide chain, The BNA segment may include regions
preceding and following the coding region (leader and trailer) involved in the
transcription/transiation of the gene product and the regulation of the transcription/translation, as
well as intervening sequences (introns) between ndividual coding segments {exons).

"won

The terms "polypeptide,” "peptide," and "protein” are used interchangeably toreferto a
polymer of amino acid residues. The terms apply to amino acid polymers in which one or more
amine acid residue 15 an artificial chemical mimetic of a corresponding naturally occurring
amino acid, as well as to naturally occurring amino acid polymers and non-naturally occurring
amino acid polymers. The terms encompass amino acid chains of any length, including full-
fength proteins, wherein the amino acid residues are linked by covalent peptide bonds.

The term "variant” refers to & form of an organisim, strain, gene, polvnucleotide,
polypeptide, or charactenistic that deviates from what occurs 1o nature.

The term "complementanity” refers to the ability of a nucleic acid to form hydrogen
bond(s) with another nucleic acid sequence by either traditional Watson-Crick or other non-
traditional types. A percent complementarity indicates the percentage of residues in a nucleic
acid molecule which can form hydrogen bonds {e.g., Watson-Crick base pairing) with a second
nucletc acid sequence {e.g., 5,6, 7, &, 9, 10 out of 10 being 50%, 60%, 70%, 80%, 90%, and

100% complementary). "Perfectly complementary” means that all the contiguous residues of a
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nucleie acid sequence will hydrogen bond with the same number of contiguous restdues tn a
second nucleic acid sequence. "Substantially complementary” as used herein refers to a degree of
complementarity that is at least 60%, 65%, 70%, 73%, 80%, 853%, 90%, 95%. 97%, 98%, 99%,
or 100% over a region of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30,
35, 40, 45, S0, or more nucleotides, or refers to two nucleic acids that hybridize under stringent
conditions.

The term "stringent conditions" for hybridization refers to conditions under which a
nucleic acid having coroplementarity to a target sequence predonunantly hybridizes with the
target sequence, and substantially does not hybridize to non-target sequences. Stringent
conditions are generally sequence-dependent and vary depending on a number of factors. In
general, the longer the sequence, the higher the temperature at which the sequence specifically
hybridizes to its target sequence. Non-liroiting examples of stringent conditions are described n
detail in Tyssen {1993}, Laboratory Technigues In Biochemistry And Molecular Biology -
Hybridization With Nucleic Acid Probes Part 1, Second Chapter "Overview of principles of
hybridization and the strategy of nucleic acid probe assay”, Elsevier, N Y.

The term "hybnidization" refers to a reaction in which one or more polynucleotides react
to form a complex that is stabilized via hvdrogen bonding between the bases of the nucleotide
residues. The hydrogen bonding may occur by Watson Crick base pairing, Hoogstein binding, or
i any other sequence specific manner. The complex may comprise two strands forming a duplex
structure, three or more strands forming a multi stranded complex, a single self-hybridizing
strand, or any combination of these.

A "recombinant expression vector” is a nucleic acid construct, generated recombinantly
or synthetically, with a series of specified nucleic acid elements that permit transcription of a
particular polynucieotide sequence in a host cell. An expression vector may be part of a plasmid,
viral genome, or nucleic acid fragment. Typically, an expression vector includes a
polynuclectide to be transcribed, operably linked to a promoter.

"Operably linked" means two or more genetic elements, such as a polynucleotide coding
sequence and a promoter, placed 1 relative positions that permit the proper biological
functioning of the elements, such as the promoter directing transcription of the coding sequence.

The term "promoter” refers 1o an array of nucleic acid control sequences that direct
transcription of a nucleic acid. As used herein, g promoter includes necessary nucleic acid
sequences near the start site of transcription, such as, i the case of a polymerase H type
promoter, a TATA element. A promoter also optionally includes distal enhancer or repressor

elements, which can be located as much as several thousand base pairs from the start site of
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transcription. Other elements that may be present in an expression vector include those that
enhance transcription {e.g., enhancers) and terminate transcription {e.g., terminators}), as well as
those that confer certain binding affinity or antigenicity to the recombinant protein produced
from the expression vector.

"Recombinant” refers to a genetically modified polynucleotide, polypeptide, cell, tissue,
or organism. For example, a recombinant polynucleotide {or a copy or complement of a
recombinant polynucieotide) s one that has been manipulated using well known methods. A
recombinant expression cassette comprising a promoter operably hinked to a second
polvnucleotide (e.g, a coding sequence) can include a promoter that s heterologous to the
second polynucleotide as the result of human manipulation (e.g., by methods described in
Sambrook et al, Molecular Cloning - A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, New York, (1989} or Current Protocols in Molecular Biology Volumes 1-3,
John Wiley & Sons, Inc. (1994-1998}). A recombinant expression cassette {or expression vector)
typically comprises polynuclectides in combinations that are not found in nature. For instance,
human manipulated restriction sites or plasmid vector sequences can flank or separate the
promoter from other sequences. A recombinant protein is one that is expressed from a
recombinant polynucieotide, and recombinant cells, tissues, and organisms are those that
comprise recombinant sequences {polynucleotide and/or polypeptide}.

The term “genetic construct” indicates a gene or combination of genes that has been
assembled and, potentially, modified using molecular cloning techniques, including but not
fimited to, endonuclease digestion, ligation, in vitro recombination, PCR, gene synthesis using
primers and polymerases, etc. In the descriptions herein, a cell produced by the disclosed
methods that mcludes an integrated donor fragment encoding 4 gene 1s a fransgenic cell.

The term "single nucleotide polymorphism” or "SNP refers to a change of a single
nucleotide with a polynucleotide, including within an allele. This can include the replacement of
one nucleotide by another, as well as deletion or insertion of a single nucleotide. Most typically,
SNPs are biallelic markers although tr1- and tetra-allelic markers can also exist. By way of non-
Himiting example, a nucleic acid roolecule comprising SNP A\C may include a C ot A atthe
polymorphic position.

LR

The terms "culture,” "culturing,” "grow," "growing,

i

"maintain,” "maintaining,”

§

"expand,” "expanding,” etc., when referring to cell culture itself or the process of culturing, can
be used interchangeably to mean that a cell {e.g., primary cell} is maintained outside its normal
environment under controlied conditions, e.g., under conditions suitable for survival. Cultured

cells are allowed to survive, and culturing can result in cell growth, stasis, differentiation or
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division. The term does not imply that all cells in the culture survive, grow, or divide, as some
may naturally die or senesce. Cells are typically cultured in media, which can be changed during
the course of the culture.

{11}

The terrs "subject,” "patient,” and "individual” are used herein interchangeably to
include a human or animal. For example, the animal subject may be a mammal, a primate {e g., a
monkey), a livestock animal (e.g., a horse, a cow, a sheep, a pig, or a goat}, a companion animal
{e.g., adog, acat), a laboratory test animal (e.g., a mouse, a rat, a guinea pig, a bird), an animal
of veterinary significance, or an animal of economic significance.

The term "administering” includes oral administration, topical contact, administration as
a suppository, intravenous, intraperitoneal, intramuscular, intralesional, intrathecal, intranasal, or
subeutaneous administration to a subject. Administration 1s by any route, including parenteral
and transmucosal (e g, buccal, sublingual, palatal, gingival, nasal, vaginal, rectal, or
transdermal). Parenteral administration includes, e.g, intravenous, intramuscular, intra-arteriole,
intradermal, subcutaneous, intraperitoneal, intraventricular, and intracranial. Other modes of
delivery include, but are not limited to, the use of iposomal formulations, intravenous infusion,
transdermal patches, ete.

The term "treating” refers to an approach for obtaining beneficial or desired results
inctuding but not limited to a therapeutic benefit and/or a prophylactic benefit. By therapeutic
benetit 1s meant any therapeutically relevant improvement in or effect on one or more diseases,
conditions, or symptoms under treatment. For prophylactic benetit, the compositions may be
administered to a subject at risk of developing a particular disease, condition, or symptom, or {0
a subject reporting one or more of the physiological symptoms of a disease, even though the
disease, condition, or symptom may not have yet been manifested.

The term “effective amount” or "sufficient aroount” refers to the amount of an agent (e.g,,
{Cas nuclease, modified single guide RNA etc ) that 1s sufficient to effect beneficial or desired
results. The therapeutically effective amount may vary depending upon one or more of the
subject and disease condition being treated, the weight and age of the subject, the severnty of the
disease condition, the ranner of adwimstration and the hike, which can readily be deterrined by
one of ordinary skill in the art. The specific amount may vary depending on one or more of the
particular agent chosen, the target cell type, the location of the target cell in the subject, the
dosing regimen to be followed, whether 1t 1s adnuristered in combination with other agents,
timing of adminisiration, and the physical delivery system 1o which 1t 1s carried

The term "pharmaceutically acceptable carrier” refers to a substance that aids the

administration of an agent {e.g., Cas nuclease, modified single guide RNA, etc.}toa cell, an
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organist, of a subject. "Pharmaceutically acceptable carrier” refers to a cartier or excipient that
can be included in a composition or formulation and that causes no significant adverse
toxicological effect on the patient. Non-limiting exarmaples of pharmaceutically acceptable carrer
include water, Na(l, normal saline solutions, lactated Ringer's, normal sucrose, normal glucose,
binders, fillers, disintegrants, lubricants, coatings, sweeteners, flavors and colors, and the like.
Une of skill in the art will recognize that other pharmaceutical carriers are useful in the present
imvention.

The term "increasing stability," with respect to components of the CRISPR system, refers
to modifications that stabilize the structure of any molecular component of the CRISPR system.
The term includes modifications that decrease, inhibit, diminish, or reduce the degradation of any
molecular component of the CRISPR system.

The terms "ucreasing specificity,” with respect to components of the CRISPR system,
refers to modifications that increase the specific activity {(e.g., the on-target activity) of any
molecular component of the CRISPR system. The term includes modifications that decrease,
inhibit, diminish, or reduce the non-specific activity {e.g , the off-target activity} of any
motecular component of the CRISPR system.

The term "decreasing toxicity,” with respect to components of the CRISPR system, refers
to modifications that decrease, inhibit, diminish, or reduce the toxic effect of any molecular
component of the CRISPR system on a cell, orgamsm, subject, and the like.

The terr "enhanced activity,” with respect to components of the CRISPR system and in
the context of gene regulation, refers to an increase or improvement in the efficiency and/or the
frequency of inducing, modulating, regulating, or controiling genome editing and/or gene
EXPression.

The term "about” in refation o a reference numerical value can include a range of values
plus or minus 10% from that value. For example, the amount "about 10" includes amounts from
9to 11, including the reference numbers of 9, 10, and 11. The term "about" in relation to a
reference numerical value can also include a range of values plus or minus 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2%, or 1% from that value IV,

All references cited herein are incorporated by reference in their entireties.

Non-Viral Transfection Process

Disclosed herein is a process that provides a high efficiency targeted gene integration
approach. The methods can be used for genome engineering of any cell type, and can be used,
for example, in applications where engineered cells are introduced into a patient. The following
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patent applications are incorporated by reference herein in their entireties: US Patent Application
Publication No. US 2020/0224160; WO 2020/176740; WO 2020/185867; and US Patent
Application Publication No. US 2020/02399393.

In some embodiments, the methods provided herein can be used for installing a cancer
treating construct, e.g. a CAR or a DAR, for example against any of CD38, CD19, CD20,
CD123, BCMA and the like into T cells. The efticiency of gene transfer can be for example, at
least 10%, at least 20%, at least 30% or at least 40%, or at least 50%, for example, can reach 40-
80%. The efficiency of gene transfer and disruption of a targeted endogenous gene can be for
example, at least 10%, at least 20%, at least 30% or at least 40%, or at least 50%. In some
examples, the gene targeted for integration is the TRAC gene encoding the alpha subunit of the T
cell receptor, and the efficiency of targeted integration of the construct into the genome at the
TRAC locus can be assessed by expression of the construct and the absence of expression of the
T cell receptor. As provided herein, the efficiency of gene transfer can be assessed using flow
cytometry, where cells can be stained with antibodies or other reagents (e.g., proteins or portions
thereof that bind, for example, a recombinant receptor expressed by a transfected cell. Flow
cytometry to assess gene transfer (and gene knockout) efficiency can be performed for example,
from five to fifteen days after transfection with a donor construct as provided herein and
CRISPR/cas components. Efficiency is assessed on cell populations following transfection but in
the absence of cell sorting or any enrichment of construct-expressing cells (for example using
beads or cells expressing an antigen recognized by the engineered receptor of by using bead to
subtract cells expressing the T cell receptor.

This approach, employing a targeted gene integration, can be used for both autologous
and allogenic approaches, and importantly, does not carry a risk of secondary and unwanted cell
transformation when engineered cells are introduced into a patient and is therefore safer than
current conventional approaches. Additional advantages include a modified guide strand, reliable
gene integration, integration of large genes, gene integration of a CAR or DAR, for example, and
gene integration of a CAR or DAR with high expression.

For preparation of knock-out/knock in (“KOKI”) cells for allogeneic treatments, the
percentage of construct expressing cells (e.g., CAR or DAR expressing cells) can be increased
by removal of cells expressing the T cell receptor for the population, as such cells do not have
integration of a transgene at the TRAC site. Such subtraction methods simultaneously reduces
the number of cells of the population expressing a T cell receptor that has the potential to react

against patient antigens.
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The examples disclose making CAR-T cells via RNA-guided endonuclease-mediated
genome editing that uses phosphorothioate and 2’ O-methyl modified single-stranded or double-
stranded donor DNA synthesized by PCR. Preferably, the modified single-stranded (ss) or
double-stranded (ds) DNA is produced by adding three PS bonds to the nucleotides within 10
nucleotides or five nucleotides of the 5'-end of one primer. Without limiting the invention to any
particular mechanism, it is believed the PS modification inhibits exonuclease degradation of the
modified strand of the donor DNA. Nucleotides within ten or within five nucleotides of the 5’
end of the primer were also modified with 2' O-methyl to avoid the non-specific binding which is
caused by phosphorothioate bonds. The phosphorothioate and 2” O-methyl modified ds donor
DNA and ss donor DNA can be made through PCR, asymmetric PCR or reverse transcription. In
the alternative, the final ds DNA product of a synthesis can be modified with phosphorothioate
and 2’ O-methyl and dsDNA can be produced with modification on one strand only.

There 1o further disclosed a donor DNA construct, such as a donor BNA counstruct having
chemical modifications such as phosphorothioate and 2” O-methyl that include a CAR construct,
1.e., are designed for inserting a CAR (chumeric antigen receptor) into a defined genomic site of a
host cell. Further, the present disclosure provides a host cell transfected with a CAR that lacks
viral vectors that can present a safety concern.

This process — using a donor DNA with modifications on one strand - can increase
knock-in efficiency at least two-fold, which 1s comparable with viral vector methods and has
advantages for site specificity of integration and very stable for CAR expression in T cells
compared to conventional retrovirus or lentivirus approaches. At least double modification of
one donor chain with phosphorothioate and/or 2’ O-methyl can increase knock-in efficiency.
This one step knock-out/knock-in method provides a faster and cheaper CAR-T production
process for multiple cancer therapy. The ability to use double stranded DNA and avoid nuclease
treatment of the donor construct and recovery of the single strand which is laborious and reduces
yields is another benefit of the method.

In this application, we present a simple and robust method for knock in long dsDNA or
ssDNA (e.g. ~3kb anti-CD38 CAR and CD19 CAR) by modified dsDNA or ssDNA donor with
phosphorothioate and 2’ O-methyl modification. We show that modified long dsDNA and
ssDNA sequences are highly efficient HDR templates for the integration of CAR into primary T
cells. Further we demonstrate that this method has advantages for site specificity of integration
and very stable for CAR expression in T cells compared to conventional retrovirus or lenti-virus

approaches.
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Introduction of a CAR construct into a T cell using the methods provided herein for
targeted integration into the genome avoids the use of viral vectors, for example, retroviral or
adenoviral vectors entirely. Thus, the present disclosure provides a population of primary human
T cells in which at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%,
or at least 80% of the cells of the population express a CAR construct that is integrated into the
genome, where none of the cells of the population include a viral vector or any sequences
derived therefrom. For example, a population of T cells provided herein that include a CAR
construct integrated into the genome does not have any retroviral or adenoviral sequences
detectable in the population. The population can be a population that was transfected with a
donor DNA encoding a CAR construct using the methods and/or systems provided herein. The
CAR construct is integrated into a site in the genome of the T cells targeted by a guide RNA. The
CAR construct is integrated at a cas target site, 1.e., a site adjacent to a PAM specific for a cas
nuclease. For example, a CAR construct is integrated at a target site in the genome that is
adjacent to a cas9 PAM. As nonlimiting examples, the CAR construct can be integrated into a T
cell receptor gene (e.g., a TRAC gene) or a PD-1 gene, such as but not limited to, SEQ ID NO:1,
SEQ ID NO:26, and SEQ ID NO:32. In various embodiments, the insertion of the CAR construct
into a targeted site in the genome, such as a site in a TRAC gene or a site in a PD-1 gene results
in knockout (disrupted expression) of the TRAC gene or PD-1 gene. Thus, the present disclosure
provides a population of primary T cells in which at least 20%, at least 30%, or at least 40% of
the cells of the population express a CAR construct that 1s integrated into the genome and do not
express a gene that is knocked out by the targeted integration (e.g., a TRAC or PD-1 gene),
where none of the cells include a viral vector or any sequences derived therefrom. For example, a
population of T cells provided herein that include a CAR construct integrated into the genome,
does not have any retroviral or adenoviral sequences detectable in the population. The integrated
CAR construct can be at least 1.5 kb, at least 1.7 kb, at least 1.9 kb, at least 2 kb, or at least 2.1
kb in length. In nonlimiting example, the CAR construct can be a CAR construct that encodes a
CAR that binds any of CD38, CD19, CD20, CD123, or BCMA. In some exemplary
embodiments a CAR construct can be an anti-CD38 CAR, an anti-CD19 CAR, or an anti-BCMA
CAR.

The present disclosure provides methods for expressing a CAK gene in a primary cell, the
method comprising introducing into the primary cell;

{a) a single guide RNA (sgRNA) comprising a first nucleotide sequence that is complementary to

the selected knockout nucleic acid and a second nucleotide sequence that interacts with a
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CRISPR-associated protein {(Cas) polypeptide, wherein one or more of the nucleotides of the
sgRINA sequence are optionally modified nuclectides; and

{b}a Cas polypeptide, an mRNA encoding a Cas polypeptide, and/or a recombinant expression
vector comprising a nucleotide sequence encoding a Cas polypeptide, or Cas polypeptide
wherein the modified sgRNA guides the Cas polypeptide to the site of knockout nucleic acid,
and (¢} a donor target DNA comprising a 3 HA sequences, a promoter sequence, a CAR
construct, and 3° HA sequence, wherein the donor target DNA is preferably double-stranded and
has both or preferably one strand mwodified with at feast one phosphothioate bond within five
nucleotides of the 5”-end of the donor for reducing 5 exonuclease cleavage, and optionally
inctudes one, two three, or four 2°-O-methyl-modified nucleotides within § nucleotides of the 57
end. Preferably the opposite strand to the modified strand has a 5 terminal phosphate.

The present disclosure provides a method for inducing gene expression of a CAR gene in
a primary cell, the method comprising introducing into the primary cell:

{a) a tractRNA and a crRNA comprising a first nucleotide sequence that is complementary to the
selected target knockout nucleic acid, wherein one or more of the nuclectides 1n the tracrRNA
and a ctRNA are optionally modified nucleotides; and

{b} a Cas polypeptide, an mRNA encoding a Cas polypeptide, and/or a recombinant expression
vector comprising a nucleotide sequence encoding a Cas pelypeptide, or a Cas polypeptide;
wherein the crRNA guides the Cas polypeptide to the site of knockout nucleic acid; and (¢ a
dounor target DNA comprising a 5” HA sequences, a promoter sequence, a CAR coustruct, and
3’HA sequence, wherein the donor target DNA is preferably double-stranded and has both or
preferably one strand modified with at least one phosphothicate bond within five nucleotides of
the 5’-end of the donor for reducing S exonuclease cleavage, and optionally includes one, two
three, ot four 27-O-methyl-modified nucleotides within 5 nucleotides of the 57 end. Preferably
the opposite strand to the modified strand has 2 5 terminal phosphate.

RNA-guided endonucleases that may be used in the methods disclosed herein and to
generate the recombinant cells disclosed herein can be those described in the hterature and patent
apphications as well as RNA-guided endonucleases of' the same type but 1solated from or whose
sequence is found in species other than currently identified or characterized RNA-guided
endonucleases. Vanants, including variants engineered to have higher specificity for the target
site (reduced off-target effects) and/or increased activity with respect to the naturally-occurring
RNA-guided nuclease on which they are based. Further included are chimenc RNA-guided

nucleases.
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In some embodiments, the endonuclease is a Cas9 (CRISPR associated protein 9). In
some embodiments, the Cas® endonuclease is from Strepfococcus pyogenes, although other Cas9
homologs may be used, e.g., 5. aureus Cas®, N. meningitidis Cas9, S. thermophilus CRISPR1
Cas9, §. thermophilus CRISPR 3 Cas9, or 7' denticola Cas9. In other instance s, the CRISPR
endonuclease 1s Cpfl, e.g., L. bacterium ND2006 Cpfl or Acidaminococcus sp. BV3L6 Cpfl. In
some embodiments, the endonuclease is Casl,CasiB, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8
Cas9 (also known as Csnl and Csx12), Cas100, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2,
Csa5, Csn2, Csm2, Csm3, Csmd, CsmS, Csm6, Cmrl, Cmr3, Cmrd, Cmr5, Cmr6, Csbl, Csb2,
(Csb3, Csx17, Csx14, Csx10, Csx 16, CsaX, Csx3, Csx1, Csx15, Csfl, Csf2, Csf3, Cst4, or Cpfl

endonuclease. In some embodiments, wild-type variants may be used. In some embodiments,

E

modified versions (e.g., a homolog thereof, a recombination of the naturally occurring molecule

thereof, codon-optimized thereot, or modified versions thereof) of the preceding endonucleases

may be used.
ft A “guide RNA” 15 a nucleic acid molecule that promotes the specific association {or

“targeting”) of an RNA-guided nuclease such as a Cas9 or a Cptl to a target sequence such as a
genomic sequence in a cell. As used herein, a guide RNA can be a crRNA that associates with a
tract RNA in an RNP complex or may be a chimeric RNA molecule with both ctRNA and
tractRNA sequences in a single molecule, as may be used with a Cas9 endonuclease. (Cpfl uses
only a ctRNA .} An RNA-guided nuclease protein such as Cas9 includes a CRISPR RNA
{crRNA) that includes a 5’ region that is complementary to a target sequence and a trans-
activating crRNA (tractRNA) that includes a 5 region that s complementary to, and forms a
duplex with, a 3' region of the ¢crRNA. A crRINA and a tractRNA can be joined into a single
chimeric guide RNA, in ove non-limiting example, by means of a tour nucleotide (e.g., GAAA)
“tetraloop” or “linker” sequence bridging complementary regions of the crRNA (at its 3’ end)
and the tractRNA (at its 5" end). (Mali et al. Science. 2013 Feb. 15; 339(6121): 823-826; Jiang et
al. Nat Biotechnol. 2013 March; 31(3): 233-239; and Jinek et al , 2012 Science August 17,
337(6096). 816-821, all of which are incorporated by reference herein.)

Guide RNAs include a “target sequence” or “targeting domain” that 1s fully or partially
complementary to a target domain within a target sequence, such as a DNA sequence in the
genome of a cell where editing 1s desired. Targeting domains are referred to by various names in
the literature, including without limitation “guide sequences” (Hsu et al., Nat Biotechnol. 2013

September; 31(9): 827-832), “complementarity regions”, “spacers”, and generically as
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“crRNAs”. Targeting domains (target sequences of a guide RNA) are typically 12-30 nucleotides
in length, and in certain embodiments are 16-24 nucleotides in length (for instance, 16, 17, 18,
19,20, 21, 22, 23 or 24 nucleotides in length}, and are at or near the 5' termunus of in the case of
a Cas9 gRNA, and at or near the 3" terminus in the case of a Cpf1 gRNA. Guide RNAs and their
component parts are described throughout the literature, for instance in Briner et al. (Molecular

Cell 56(2), 333-339, Oct. 23, 2014).

EXAMPLES

The examples show the advantages of the disclosed process to provide high transfection
efficiency without the use of viral vectors for knocking in donor DNA and knocking out a
targeted endogenous gene such as a T cell receptor (TCR) or PD-1 gene.

Buffy coats from healthy volunteer donors were obtained from the San Diego blood bank.
Some fresh whole blood or leukapheresis products were obtained from StemCell Techologies.
Peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation.
PBMCs were activated with CD3 antibody (BioLegend, San Diego, CA) 100 ng/mL for two days
in AIM-V medium (ThermoFisher Scientific, Waltham, MA) supplemented with 5% fetal bovine
serum (Sigma, St. Louis, MO) with 300 U/mL IL-2 (Proleukin) at a density of 10° cells per mL.
The medium was changed every two to three days, and cells were re-plated at 10° per mL. This
treatment selectively amplifies T cells in the culture. In some experiments, cells were cultured in
CTS™ OpTmizer™ T Cell Expansion SFM (ThermoFisher) supplemented with 5% CTS™
Immune Cell SR (Thermofisher scientific) with 300U/mL IL-2 (Proleukin) at a density of 10°
cells per mL. In some experiments T cells were isolated from PBMCs using magnetic negative
selection using EasySep™ Human T Cell Isolation Kit or CD3 positive selective kit (Stemcell
Technology Inc.) according to the manufacturer’s instructions.

For use in cytotoxicity assays, RPMI-8226 multiple myeloma cell line) cells, which
express CD38, were transduced to express green fluorescent protein (GFP). K562 (human
immortalized myelogenous leukemia) cells, which do not express CD38, were transduced to
express R-phycoerythrin (RPE). Both cell lines were cultured in RPMI1640 medium (ATCC)

supplemented with 10% fetal bovine serum (Sigma). CAR plasmids were generated with an In-
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Fusion® HD Cloning Kit (Takara Bio USA, Inc, Mountain View, CA). Backbone plasmid
PAAV-MCS was purchased from Cell Biolabs (San Diego, CA).

In some experiments, retrovirus-transduced T cells were compared with cas-mediated
knock-in cells. Transduction of T cells with the retroviral construct was performed essentially as
described in Ma et al., 2004 The Prostate 61:12-25; and Ma et al., The Prostate 74(3):286-296,
2014 (the disclosures of which are incorporated by reference herein in their entireties). In brief,
the anti-CD38 CAR MFG retroviral vector plasmid DNA was transfected into Phoenix-Eco cell
line (ATCC) using FuGene reagent (Promega, Madison, WI) to produce Ecotropic retrovirus,
then harvested transient viral supernatant (Ecotropic virus) was used to transduce PG13
packaging cells with Gal-V envelope to produce retrovirus to infect human cells. Viral
supernatant from PG13 cells was then used to transduce activated T cells (or PBMCs) two to
three days after CD3 or CD3/CD28 activation. Activated human T cells were prepared by
activating normal healthy donor peripheral blood mononuclear cells (PBMC) with 100 ng/ml
mouse anti-human CD3 antibody OKT3 (Orth Biotech, Rartian, NJ) or anti-CD3,anti-CD28
TransAct (Miltenly Biotech, German) as manufacturer’s manual and 300-1000 U/ml IL-2 in
AIM-V growth medium (GIBCO-Thermo Fisher scientific, Waltham, MA) supplemented with
5% FBS for two days. 5% 10 activated human T cells were transduced in a 10 pg/ml retronectin
(Takara Bio USA) pre-coated 6-well plate with 3 ml viral supernatant and were centrifuged at
1000 g for 1 hour at 32 °C. After transduction, the transduced T cells were expanded in AIM-V
growth medium supplemented with 5% FBS and 300-1000 U/ml IL-2.

Table 1. Primers used for generating double-stranded donor DNAs:
an asterisk indicates a phosphorothioate (PS) linkage; Am, 2’-O-methylated deoxyadenosine;
Cm, 2’-O-methylated deoxycytosine; Gm, 2’-O-methylated deoxyguanosine

Primer Sequence SEQID NO

Forward primer for generating anti-CD38 | 5 —~T*Gm* Gn* AMGCTAGGGCACCATATT -3 8
donor DNA having 660 and 650 nt HAs
from TRAC gene exon |

Reverse primer for generating anti-CD38 p-5" -CAACTTGGAGAAGGGGCTT-3" 9
donor DNA having 660 and 650 nt HAs
from TRAC gene exon |

Forward primer for generating anti-CD38 | 5’ -C*Cm*Am*TGmCCTGCCTTTACTCTG- 3" 14
donor DNA having 375 and 321 nt HAs
from TRAC gene ¢xon 1

Reverse primer for generating anti-CD38 p-5’ -TCCTGAAGCAAGGAAACAGC-3’ 15
donor DNA having 375 and 321 nt HAs

from TRAC gene exon 1
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Forward primer for generating anti-CD38 | 5’ -A*TCm*Am*CmGAGCAGCTGGTTTCT -3 18
donor DNA having 171 and 161 nt HAs
from TRAC gene exon 1

Reverse primer for generating anti-CD38 | p~5" ~GACCTCATGTCTAGCACAGITTTG-3’ 19
donor DNA having 171 and 161 nt HAs
from TRAC gene exon 1

Forward primer for generating anti-CD38 | 5’ ~ATCACGAGCAGCTGGTTTCT-3’ 20
donor DNA having 171 and 161 nt HAs
from TRAC gene exon 1 - unmodified

Reverse primer for generating anti-CD38 5" -GACCTCATGTCTAGCACAGTTTTG-3’ 21
donor DNA having 171 and 161 nt HAs
from TRAC gene exon 1 - unmodified

Forward primer for generating anti-CD38 | 5’ —~T*Am* T* GmCmACAGAAGCTGCARGG-3" 28
donor DNA having 183 and 140 nt HAs
from TRAC gene exon 3

Reverse primer for generating anti-CD38 | p—5" ~TTAGGATGCACCCAGAGACC-3’ 29
donor DNA having 183 and 140 nt HAs
from TRAC gene exon 3

Forward primer for generating anti-CD38 | p—5" ~CTCCCCATCTCCTCTGTCTC-3 34
donor DNA having 326 and 380 nt HAs
from PD-1 locus

Reverse primer for generating anti-CD38 5" —Cm*Cm* T* GmACCCGTCATTCTACAG-3' 35
donor DNA having 326 and 380 nt HAs
from PD-1 locus

Forward primer for generating anti-CD38 | 5’ -TGGAGCTAGGGCACCATATT-3’ 36
donor DNA having 660 and 650 nt HAs
from TRAC gene exon | - unmodified

Forward primer for generating anti-CD38 | 5’ ~ATCACGAGCAGCTGGTTTCT-3’ 37
donor DNA having 171 and 161 nt HAs
from TRAC gene exon 1

Example 1. Simultaneous knockout of the T-cell receptor gene and knock-in of anti-CD38
CAR in human T cells.

In this example, the T cell receptor alpha constant (TRAC) gene was targeted with an
anti-CD38 CAR construct as the donor DNA. The pAAV-TRAC-anti-CD38 construct was
designed with approximately 1.3kb of genomic DNA sequence of the T cell receptor alpha
constant (TRAC) that flanks the target sequence (CAGGGTTCTGGATATCTGT (SEQ ID
NO:1)) in the genome. The target sequence was identified as a site upstream of a Cas9 PAM in
exon 1 of the TRAC gene for Cas9-mediated gene disruption and insertion of the donor
construct. The anti-CD38 CAR gene construct (SEQ ID NO:2) comprised a sequence encoding a
single chain variable fragment (scFv) specific for human CD38, followed by CD8 and CD28
hinge-CD28 transmembrane-CD28 intracellular regions and a CD3 zeta intracellular domain. An
exogenous JeT promoter (US Patent No. 6,555, 674; SEQ ID NO:3) was used to initiate
transcription of the anti-CD38 CAR.
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To construct the pAAV-anti-CD38A2 donor plasmid which was used as a PCR template
for generating donor fragments for genome editing, the anti-CD38A2 CAR construct with 650-
660 bp homology arms (SEQ ID NO:4) was synthesized by Integrated DNA Technologies (IDT,
Coralville, IA). An in-fusion cloning reaction was performed at room temperature, containing
pAAV-MCS vector double digested with Mlul and BstEII (50 ng), the anti-CD38A2 CAR
fragment with flanking homology arms (SEQ ID NO:4) (50ng), 1ul 5X In-Fusion HD Enzyme
Premix (Takara Bio), and nuclease-free water. The reaction was briefly vortexed and centrifuged
prior to incubation at 50 °C for 30 min. Stellar™ Competent Cells (Takara Bio USA) were then
transformed with the in-fusion product and plated on ampicillin-treated agar plates. Multiple
colonies were chosen for Sanger sequencing (Genewiz, South Plainfield, NJ) to identify the
correct clones using the primers CTTAGGCTGGGCATTAGCAG (SEQ ID NO:5),
CATGGAATGGTCATGGGTCT (SEQ ID NO:6), and GGCTACGTATTCGGTTCAGG (SEQ
ID NO:7). Correct clones were cultured and the DNA plasmids from these clones were purified.

For RNA guide-directed targeting of the TCR alpha (TRAC) gene, the tracr RNA (ALT-
R® CRISPR-Cas9 tracrRNA) and crispr RNA (ALT-R® CRISPR-Cas9 crRNA) were purchased
from IDT (Coralville, IA), where the ctRNA was designed to include the target sequence
CAGGGTTCTGGATATCTGT (SEQ ID NO:1) that occurs directly upstream of a cas9 PAM
sequence (NGGQG) in first exon of the TRAC gene.

To make donor fragment DNA, PrimeSTAR Max Premix (Takara Bio USA) was used for
PCR reactions. The AAV donor plasmid pAAV-anti-CD38A2 described above was used as a
template. To generate a donor fragment with homology arms of 660 nt and 650 nt, the forward
primer had the sequence: TGGAGCTAGGGCACCATATT (SEQ ID NO:36), and the reverse
primer had the sequence: CAACTTGGAGAAGGGGCTTA (SEQ ID NO:9). In various
experiments to test the effectiveness of different homology arm lengths, primers having
sequences hybridizing to specific positions within the homology arms of the pA AV-anti-
CD38A2 construct were used to produce donor fragments with homology arms of desired
lengths by PCR. Phosphorothioate bonds (FIG. 2A) were introduced into the terminal three
nucleotides at the 5'-end of the forward primer (SEQ ID NO:36) to inhibit exonuclease
degradation (that is, between the first and second, second and third, and third and fourth

nucleotides from the 5’ terminus). The nucleotides at the second, third and fourth positions from
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the 5’-end of the forward oligonucleotide primer were also 2'-O-methyl modified to avoid non-
specific binding, potentially caused by the phosphorothioate (PS) backbone of the terminal 3
nucleotides (SEQ ID NO:8, FIG. 2B). The reverse primer (SEQ ID NO:9) was modified by 5'-
end phosphorylation so that the strand could be digested by a strandase provided by the Guide-
it™ Long ssDNA Production System kit (Takara Bio USA). To produce the donor DNA
fragment, the thermocycler settings were: one cycle of 98 °C for 30s, 35 cycles of 98 °C for 10s,
66 °C for 5s, 72 °C for 30s and one cycle of 72 °C for 10 min. Digestion with the strandase was
done according to the manufacturer’s instructions (Takara Bio USA), and ssDNA was purified
using the NucleoSpin Gel and PCR Clean-Up kits (Takara Bio USA). The concentration of
ssDNA was determined by NanoDrop (Denovix, Wilmington, DE). As controls, donor fragments
were produced with unmodified primers, such that the resulting donor fragment had no chemical
modifications (no PS or 2’-O-methyl groups) or had the PS modification only (no 2’-O-methyl
groups).

To generate TCR knockouts / anti-CD38 CAR knock-ins, T cells were activated by
adding CD3 to the cultures. About 48 to 72 hours after initiating T-cell activation with CD3, the
PBMC cultures including activated T cells were electroporated with SpCas9 protein plus crRNA
(containing guide sequence SEQ ID NO:1) and tractRNA using a Neon® Transfection System
(ThermoFisher Scientific) and 10-pl tip or 100-pl tips. Briefly, Alt-R CRISPR-Cas9 crRNA and
Alt-R tracrRNA (IDT) were first mixed and heated at 95 °C for 5 min. The mixture was then
removed from heat and allow to cool to room temperature (15-25 °C) on the bench top for about
20 min. For each transfection, 10 pg SpCas9 protein (IDT) was mixed with 200 pmol
crRNA:tracrRNA duplex to form RNPs. 1 x 10° cells were mixed with the RNP and
electroporated with 1700 V, 20 ms pulse width, 1 pulse. One to two hours later, 10ug single-
stranded donor DNA was electroporated into the cells with 1600 V, 20ms pulse width, 1 pulse.
In some cases, T cells were mixed with the RNP and donor DNA and RNP and donor were
electroporated at the same time. Following electroporation cells were diluted into culture
medium and incubated at 37 °C, 5% COx.

As controls for the cas-mediated knock-in methods, CAR-expressing PBMCs were

generated by transduction of T cells with a retrovirus that included the same anti-CD38A2
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expression cassette (SEQ ID NO:2) in the retroviral vector that was used to make the donor
fragment employed in CRISPR targeting.

To determine knock-in efficiency by detecting CAR expression of transformed cells by
FACS, transfected or transduced PBMCs were washed with DPBS/5% human serum albumin,
then stained with anti-CD3-BV421 antibody SK7 (BioLegend) and PE conjugated anti-CD38-Fc
protein (Chimerigen Laboratories, Allston, MA) for 30-60 min at 4 °C. CD3 and anti-CD38
CAR expression were analyzed using iQue Screener Plus (Intellicyte Co.) Negative controls
were cells that had been transfected with an RNP that included cas9 protein complexed with a
hybridized tracrRNA and crRNA targeting the first exon of the TRAC gene, but were not
transfected with the anti-CD38 CAR donor DNA. PBMCs that had been transfected with the
RNP that included the guide targeting the TRAC locus were subsequently transduced with a
retrovirus that included the anti-CD38 CAR construct as described above and analyzed for
expression of the anti-CD38 CAR as well. FIG. 3A shows that 8 days after transfection no
expression of an anti-CD38 construct was detected in cells transformed with the RNP (for knock-
ing out the TRAC gene) in the absence of a donor fragment for expression of the anti-CD38
CAR (leftmost panel). On the other hand, PBMCs that had a TRAC knockout and were
subsequently transduced with a retrovirus that included a construct for expressing the anti-CD38
CAR did show expression of the anti-CD38 CAR in about 70% of the cells 8 days after
transfection (rightmost panel of FIG. 3A). For cultures transformed with anti-CD38 CAR ss
donor DNA in addition to an RNP targeting exon 1 of the TRAC gene, approximately 12% of the
population that received the ss donor DNA having no chemical modifications and approximately
13% of cultures that were transduced with ss donor DNA having only PS backbone
modifications on nucleotides near the 5’-end of the donor DNA (introduced by using a PCR
primer having PS bonds between nucleotides 1 and 2, 2 and 3, and 3 and 4, numbering from the
5" end) demonstrated expression of the anti-CD38 construct. Adding methyl groups to the 2’
oxygen of the three nucleotides at the second, third, and fourth nucleotides from the 5’-end of the
donor fragment strand that also included PS modifications (by using the primer of SEQ ID NO:8
that included these modifications to generate the donor DNA by PCR) resulted in significantly
higher expression of the anti-CD38 CAR in the transfected population, where expression of the

anti-CD38 CAR was seen in approximately 20% of the cells that received the ‘double modified’
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(2’-O-methyl and PS) single-stranded donor fragment at 8 days. Notably, chemical
modifications of the donor DNA did not affect viability of the transfected cultures.

Increased expression of the anti-CD38 CAR was observed over time in cultures that had
been transfected with anti-CD38 CAR donor fragments plus RNPs targeting the TRAC gene. At
10 days post-transfection, flow cytometry of PBMC cultures transfected with unmodified single-
stranded donor or single-stranded donor modified to include PS linkages on the 5’-most three
nucleotides demonstrated that among all cultures that were transfected with the TRAC-targeting
RNP, at least 80% of the cells did not express the TCR. Moreover, in cultures transfected with
the anti-CD38 CAR donor in addition to the TRAC-targeting RNP, at least 42% of the cells that
did not express the TCR expressed the anti-CD38 construct (FIG. 3B, panels 2-4). For cultures
transfected with an anti-CD38 CAR donor fragment with both PS and 2’-O-methyl groups on 5’-
proximal nucleotides, 57% of the cells were expressing the anti-CD38 construct by day ten. At
the same time, the expression of the anti-CD38 CAR in cultures that had been transduced with
the retrovirus dropped to about half of what had been seen at 8 days, to approximately 34% of
the cells on day ten post-transfection or transduction. Analysis of the culture transfected with
doubly modified ss donor and the retrovirus-transduced culture at day 20 (FIG. 3C) showed that
expression of the anti-CD38 construct in the cultures had stabilized, with the cas9-modified
culture that had been transfected with a ss donor having both PS and 2’-O-methyl modifications
at the 5” end demonstrating 54% of the TCR-negative cells were expressing the construct and the
culture that had been transduced with a retrovirus demonstrating 31% of the TCR-negative cells
were expressing the construct.

To confirm the occurrence of homology directed repair (HDR) at the targeted locus in
Exon 1 of the TRAC gene, PCR was performed on DNA isolated from cultures to verify that the
donor fragment had inserted into the TRAC site targeted by the guide RNA. Genomic DNA was
amplified from non-transfected activated T cells (ATCs), TRAC knockout cells that were
transformed with the RNP that included the TRAC Exon 1 guide RNA, and from T cells
transfected with the RNP plus phosphorothioate and 2” O-Methyl modified donor DNA to detect
targeted insertion of an anti-CD38 CAR transgene into the TRAC locus. To confirm the position
of the donor DNA in the genome, oligonucleotide primers were targeted to sequences outside of

the TRAC homology arms but adjacent to the homology arm sequences in the genome. A total of
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1 x 10° cells were resuspended in 30 pL of Quick Extraction solution (Epicenter) to extract the
genomic DNA. The cell lysate was incubated at 65 °C for 5 min and then at 95 °C for 2 min and
stored at -20 °C. The concentration of genomic DNA was determined by NanoDrop (Denovix).
Genomic regions containing the TRAC target sites were PCR-amplified using the following
primer sets: 5 PCR forward primer on TRAC: CTGCTTTCTGAGGGTGAAG (SEQ ID
NO:10), 5’ PCR Reverse primer on CAR: CTTTCGACCAACTGGACCTG (SEQ ID NO:11); 3
Forward primer on CAR: CGTTCTGGGTACTCGTGGTT (SEQ ID NO:12), 3* Reverse primer
on TRAC: GAGAGCCCTTCCCTGACTTT (SEQ ID NO:13) (see FIG. 1B). Both primer sets
were designed to avoid amplifying the HDR templates by annealing outside of the homology
arms.

The concentration of genomic DNA was determined by NanoDrop (Denovix). Both
primer sets were designed such that one primer of the pair annealed to a site in the genome
outside of the homology arm, and the other primer of the pair annealed to a site within the coding
region of the construct (i.e., not in a homology arm). The PCR contained 400 ng of genomic
DNA and QS5 high fidelity 2X mix (New England Biolabs). The thermocycler setting consisted
of one cycle of 98 °C for 2 min, 35 cycles of 98 °C for 10s, 65 °C for 15s, 72 °C for 45s and one
cycle of 72 °C for 10 min. The PCR products were purified on 1% agarose gel containing SYBR
Safe (Life Technologies). The PCR products were then eluted from the agarose gel and isolated
using NucleoSpin® Gel and PCR Clean-up kit (MACHEREY-NAGEL GmbH & Co. KG). The
PCR products were submitted for Sanger sequencing (Genewiz). FIG. 4 provides a photograph
of the gel separating PCR products. The positive bands corresponding to the anti-CD38 construct
adjacent to genomic sequences adjacent to the homology arms in the genome at the 5” and 3’
ends of the construct were only seen in cells transfected with donor DNA (lanes 3 and 6) and not
in non-transfected ATCs (lanes 1 and 4) or TRAC knock out cells (lanes 2 and 5). Sequencing
of these PCR products confirmed that they included the anti-CD38 CAR sequence. SEQ ID NO:

To test for function of transfected cells, three weeks after electroporation, the activated T
cells that had been transfected with the anti-CD38 CAR targeted to the TRAC locus were starved
with IL-2 overnight and tested in specific killing assays (FIG. 5). The activated T cells were co-
cultured with a target cell mixture of CD38 positive RPMI-8226/GFP cells and CD38 negative
K562/RPE cells. The incubation effector-to-target cell ratio ranged from 10:1 to 0.08:1. After
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overnight incubation, the cells were analyzed by flow cytometry to measure the GFP-positive
and RPE-positive cell populations to determine the specific target cell killing by anti-CD38A2
CART cells. FIG. 5 shows that while non-transfected ATC cells showed some toxicity at the
highest effector to target ratios, TRAC knockout cells showed virtually no killing regardless of
effector-to-target cell ratio. The anti-CD38A2 CART cells however exhibited potent killing
activity of CD38 positive cells- RPMI8226 but not CD38 negative cells — K562 (FIG. 5). T cells
that had integrated the chemically modified donor that included the anti-CD38 CAR cassette
demonstrated cytotoxicity toward target cells similarly to that of cells transduced with retrovirus
that included the anti-CD38 CAR construct.

The transtected activated T cells (ATCs) were also tested for cytokine secretion (FIGS.
6A-6C). T cells were starved in IL-2 free medium overnight. Anti-CD38 CAR-T cells or ATC
controls were then co-cultured with CD38 negative K562 or CD38 positive RPMI8226 cells. The
incubation effector to target cell ratio was 2:1. After overnight incubation, the cells were
centrifuged to collect the supernatants for quantitating cytokine IL-2, IFN-gamma and TNF
alpha (Aftymetrix eBioscience) according to the manufacturer’s instructions. The gene-edited
TCR knockout anti-CD38A2 CART cells also released similar amount of IFN-y and other pro-
inflammatory cytokines when co-cultured with CD38 positive tumor cells (RPMI8226) but not
CD38 negative cells (K562).

In summary, in vitro cellular functional studies did not reveal any notable differences
between TRAC-site-specific integrated anti-CD38A2 CAR achieved by this novel and efficient
process and virus-mediated randomly integrated anti-CD38A2 CAR, in terms of both specific
killing assay (FIG. §) and cytokine secretion assay (FIGS. 6A-6C).

Example 2. Reducing length of homology arms of donor DNAs

When synthesizing donor DNA by PCR, the nuclease reaction and resulting purification
of the single stranded donor fragment is time consuming, typically results in losses in the yield of
donor fragment for transfections, and can be difficult to control the length of homology arms
(homology can be over-chewed). In further experiments testing the efficiency of directed gene
knockouts and antibody construct knock-ins, double-stranded donor DNAs were tested to

eliminate the nuclease digestion of the PCR-synthesized donor.
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For knock-in of the anti-CD38 CAR construct, donor fragments having homology arms
(HAs) of different lengths were produced. The pAAV-TRAC-anti-CD38 construct described in
Example 1 that included the anti-CD38 cassette plus TRAC exon 1 homology arms of 660 and
650 nts (SEQ ID NO:4) was used as the template. A first set of primers, SEQ ID NO:8 and SEQ
ID NO:9, was used to generate a donor fragment having homology arms of 660 nt and 650 nt
from this template. A second set of primers, SEQ ID NO:14 and SEQ ID NO:15, was used to
generate a donor fragment having homology arms of approximately 350 nt (375 and 321
nucleotides), where the primer of SEQ ID NO:14 had PS linkages between the between first and
second, second and third, and third and fourth nucleotides from the 5* terminus and had 2’-O-
methyl-modified nucleotides at positions 2, 3, and 5. A third set of primers, SEQ ID NO:18 and
SEQ ID NO:19, was used to generate a donor fragment having homology arms of approximately
165 nt (171 and 161 nts), where the primer of SEQ ID NO:18 had PS linkages between the
between first and second, third and fourth, and fourth and fifth nucleosides from the 5’ terminus
and had 2’-O-methyl-modified nucleotides at positions 3, 4, and 5. In each case, the forward
primer (SEQ ID Nos: 8, 14, and 18) was designed to have three PS linkages within the
5’terminal-most five nucleotides (for example, between any of the first and second, second and
third, third and fourth, and fourth and fifth nucleosides from the 5° terminus of the primer, and
three 2’-O-methyl groups occurring in any of the five 5’terminal-most nucleotides. In each case,
the reverse primer (SEQ ID Nos: 9, 15, and 17) had a 5’ terminal phosphate (see Table 1).

Each of the primer sets was used to generate a donor DNA molecule having multiple PS
and 2’-O methyl modifications proximal to the 5’end of one strand of the donor and a 5’
phosphate at the 5° terminus of the opposite strand of the donor. RNPs were assembled to
include tracr and crRNAs as described in Example 1, where the crRNA included the target
sequence of SEQ ID NO:1, a sequence found in exon 1 of the TRAC gene. The donor molecules,
having homology arms of approximately 665, 350, and 165 base pairs in length, were
independently transfected into activated T cells as described in Example 1 except that donor
fragments and RNPs were transfected in the same electroporation under conditions for
electroporating the RNP (using a Neon® Transfection System (ThermoFisher Scientific) 1700 V,
20 ms pulse width, 1 pulse). As a control, activated T cells were transfected with the RNP in the

absence of a donor fragment, which should result in knockout of the targeted TRAC locus, but
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without donor DNA insertion. To test for expression of the T cell receptor and the anti-CD38
CAR construct, flow cytometry was performed as provided in Example 1. FIG. 7 shows that, as
expected, the T cell culture transfected with the RNP only had low levels of expression of the T
cell receptor and also demonstrates no expression of the anti-CD38 CAR. T cells transfected
with the RNP plus donor DNAs having homology arms of different sizes however show low
levels of T cell receptor expression and good expression of anti-CD38 CAR in the cultures,
demonstrating that transfection of a double-stranded DNA in highly effective for targeted knock-
ins. Further, the shortest HA lengths tested, 161/171 nt, worked at least as well as longer lengths,
with the percentages of knockout cells expressing the introduced construct being approximately
24% for approximately 665 nt arms, approximately 30% for approximately 350 nt arms, and
approximately 38% for approximately 165 nt arms. The short homology arms are thus found to
be very effective in targeted knock in genome modification using double-stranded DNA donors,
which has the benefit of allowing for smaller constructs and/or allowing for more capacity in a
construct to allow inclusion of additional or lengthier sequences to be included in the donor
DNA.
Example 3. Modified versus non-modified double-stranded donor DNA

Donor DNASs that included anti-CD38 CAR and having the approximately 165 nt TRAC
exon 1 homology arms as set forth in Example 2, above, were synthesized using primers with
and without nucleotide modifications to test their relative effectiveness in promoting HDR. In the
first case, primer SEQ ID NO:18 had three PS linkages, occurring between first and second, third
and fourth, and fourth and fifth nucleosides and three 2’-O-methyl-modified nucleotides within
the first five nucleotides of the 5” terminus of the primer (at nucleotide positions 2, 3, and 5) and
primer SEQ ID NO:19 had a 5’ terminal phosphate (Table 1). These primers were used to
generate a donor DNA with the corresponding nucleotide modifications (i.e., three PS linkages
and three 2’-O-methyl groups within five nucleotides of the 5’ terminus of the first strand of the
donor DNA product, and a phosphate on the 5’ end of the second strand of the donor DNA
product). In the second case, primer SEQ ID NO:37 was identical to primer SEQ ID NO:18
except that primer SEQ ID NO:37 lacked chemical modifications see Table 1). The SEQ ID
NO:37 primer and the SEQ ID NO:19 primer lacking a 5’ terminal phosphate were used to
generate a donor DNA with no nucleotide modifications having the anti-CD38 CAR cassette.
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These donor DNAs were transfected as double-stranded DNA molecules (with no denaturation
or nuclease digestion of either strand) along with RNPs that included a tracr RNA and a crRNA
that included the target sequence of SEQ ID NO:1 (within exon 1 of the TRAC gene) into
activated T cells. In the electroporations with double stranded DNA as donor, Sug dsDNA was
used to transfect one million activated T cells.

As in Example 2, control activated T cells were transfected with the RNP in the absence
of a donor fragment, which should result in knockout of the targeted TRAC locus without
construct insertion. To test for expression of the T cell receptor and the anti-CD3 CAR construct,
flow cytometry was performed essentially as provided in Example 1. The results, shown in FIG.
8, show that transfection with the RNP and a modified double stranded donor resulted in at least
twice the expression of the anti-CD38 construct across the culture as compared with transfection
with the RNP and the unmodified double-stranded donor, resulting in over 50% of the cells of
the culture expressing the anti-CD38 CAR transgene and not expressing the TCR (CD3
negative).

Sequencing of PCR products produced using primers to diagnose the insertion locus (see
FIG. 2B) provided sequences demonstrating the anti-CD38 CAR donor fragment integrated into
exon 1 of the TRAC gene. The PCR product sequences (SEQ ID NO:39 and SEQ ID NO:40)
included sequences adjacent to the homology arm in the genome, the homology arm present in
the donor fragment, and portions of the anti-CD38 CAR in a single PCR product, demonstrating
the expected insertion.

Example 4. HDR-mediated knock-in of anti-CD19 and anti-BCMA CAR constructs with
simultaneous TCR knockout

Additional donor DNAS that included anti-CD19 CAR and anti-BCMA CAR expression
constructs were also tested for insertion into the TRAC locus.

An anti-CD19 CAR construct that included an anti-CD19 CAR cassette (SEQ ID NO:22)
that included the Jet promoter (SEQ ID NO:3), and intron, an anti-CD19 CAR construct, and an
SV40 polyA sequence was made essentially as described for the anti-CD38 CAR pAAV
construct described in Example 1 and was cloned in a vector flanked by the TRAC gene exon 1
homology arms (HAs) of SEQ ID NO:20 and SEQ ID NO:21. The anti-CD19 CAR with HAs

pAAYV construct was used as a template in PCR reactions as provided in Example 1 using the
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primers provided as SEQ ID NO:18 and SEQ ID NO:19 that result in the production of modified
donor DNA having HAs of approximately 170 and 160 nucleotides (see Table 1). The forward
primer (SEQ ID NO:18) had three PS bonds between the first and second, third and fourth, and
fourth and fifth nucleosides and three 2’-O-methyl modifications at nucleotides 3, 4, and 5 when
numbering from the 5’-terminus of the primer. The reverse primer (SEQ ID NO:19) had a 5°-
terminal phosphate. The resulting double-stranded donor DNA was therefore synthesized to have
the corresponding modifications, a first strand with three PS and three 2’-O-methyl
modifications within five nucleotides of the 5’-terminus, and a second strand with a 5’-terminal
phosphate.

The double-stranded chemically modified donor fragment having the sequence of SEQ
ID NO:38 with the nucleotide modifications of primers SEQ ID NO:18 and SEQ ID NO:19
described above incorporated was used to transfect cells along with an RNP that was produced
according to the methods provided in Example 1, where the crRNA of the RNP included the
target sequence of SEQ ID NO:1, targeting exon 1 of the TRAC gene. As a control, activated T
cells were transfected with the RNP in the absence of a donor fragment, which should result in
knockout of the targeted TRAC locus without construct insertion. Flow cytometry was
performed on cells 10 days after transfection essentially as described in Example 1 to evaluate
the efficiency of introducing a different construct into the TRAC locus, except that anti-CD19
CAR expression was detected by CD19-Fc (Speed Biosystem) followed by APC anti-human IgG
Fey (Jackson Immunoresearch). The results are shown in FIG. 9, where it can be seen that the
anti-CD19 CAR was expressed in the absence of T cell receptor expression in approximately
42% of the cells in the culture.

An anti-BCMA CAR construct was made through replacing the CD38 CAR with BCMA
CAR based on the anti-CD38 CAR pAAYV construct described in Example 1. The BCMA CAR
fragment was synthesized by IDT. The sequence of the insert is provided as SEQ ID NO:23. The
anti-BCMA CAR construct was used as a template in PCR reactions as set forth in Example 1
using the primers provided as SEQ ID NO:18 and SEQ ID NO:19 that result in the production of
donor DNA having HAs of approximately 160-170 nucleotides (see Table 1). The forward
primer (SEQ ID NO:18) had three PS and three 2’-O-methyl modifications within five
nucleotides of the 5’-terminus of the primer. The reverse primer (SEQ ID NO:19) had a §’-
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terminal phosphate. The resulting double-stranded donor DNA was therefore synthesized to have
a first strand with three PS and three 2’-O-methyl modifications within five nucleotides of the 5’-
terminus, and a second strand with a 5’-terminal phosphate.

The double-stranded donor fragment having the sequence of SEQ ID NO:37, having
modified nucleotides by incorporation of chemically modified primers as provided above, was
used to transfect cells along with an RNP that was produced according to the methods provided
in Example 1, where the crRNA of the RNP included the target sequence of SEQ ID NO:1,
targeting exon 1 of the TRAC gene. As a control, activated T cells were transfected with the
RNP in the absence of a donor fragment, which should result in knockout of the targeted TRAC
locus without construct insertion. Flow cytometry was performed on cells 22 days after
transfection essentially as described in Example 1 to evaluate the efficiency of introducing a
different construct into the TRAC locus, except that anti-BCMA CAR expression was detected
by PE or APC conjugated BCMA-Fc (R&D). The results are shown in FIG. 10, where it can be
seen that the anti-BCMA CAR was expressed in the absence of T cell receptor expression in
approximately 66% of the cells in the culture. In other experiments, transfection of cells with an
RNP targeting exon 1 of the TRAC locus with a different anti-BCMA CAR construct resulted in
an efficiency of 23% of the cell population expressing the anti-BCMA CAR in the absence of T
cell receptor expression as assessed by flow cytometry 14 days after transfection.

Example 5. HDR mediated knock-in targeting TRAC Exon 3

To test the efficiency of inserting donor DNAs into loci other than exon 1 of the TRAC
gene using the methods for donor insertion provided herein, an anti-CD38 CAR construct was
made for producing a donor DNA having HAs from Exon 3 of the TRAC gene. In this case, the
construct was produced essentially as described in Example 1 for the TRAC exon 1 targeting
construct, except that the HAs (5 HA SEQ ID NO:24 (183 nt) and 3° HA SEQ ID NO:25 (140
nt)) were sequences surrounding the exon3 target site (SEQ ID NO:26). The sequence of the
insert of the pAAYV construct that was then produced as a donor DNA with TRAC gene exon 3
homology arms is provided as SEQ ID NO:27. To generate the donor fragment, the forward
primer (SEQ ID NO:28) included PS linkages between first and second, second and third, and
third and fourth nucleosides and 2’-O-methyl modifications on the second, fourth, and fifth

positions from the 5’-terminus, and the reverse primer (SEQ ID NO:29) had a 5’-terminal
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phosphate. The resulting double-stranded donor DNA that incorporated the primers had a first
strand with corresponding PS and 2’-O-methyl modifications on the 5’-terminal most
nucleotides, and a second strand having a 5’-terminal phosphate.

The double-stranded donor fragment having modified nucleotides by incorporation of the
primers above and having the sequence of SEQ ID NO:27 was used to transfect cells along with
an RNP that was produced according to the methods provided in Example 1, where the crRNA
included the target sequence of SEQ ID NO:26, targeting exon 3 of the TRAC gene. As a
control, activated T cells were transfected with the RNP in the absence of a donor fragment,
which should result in knockout of the targeted TRAC locus without construct insertion. A
further control was non-transfected activated T cells (ATCs). Flow cytometry was performed
essentially as described in Example 1. The results are shown in FIG. 11, where it can be seen
that transfection with the RNP or the RNP plus donor DNA result in greater than 80% of cells
across the culture losing TCR expression. Further, anti-CD38 CAR was expressed in the absence
of T cell receptor expression in approximately 42% of the cells in the culture that was transfected
with the targeting RNP plus the donor DNA with HAs derived from the TRAC gene exon 3.

Sequencing of PCR products produced using primers to diagnose the insertion locus (see
FIG. 2B) provided sequences demonstrating the anti-CD38 CAR donor fragment integrated into
exon 3 of the TRAC gene. The PCR product sequences (SEQ ID NO:41 and SEQ ID NO:42)
included sequences adjacent to the homology arm in the genome, the homology arm present in
the donor fragment, and portions of the anti-CD38 CAR in a single PCR product, demonstrating
the expected insertion.

FIG. 11 compares targeting of the anti-CD19 CAR to exon 3 and exon 1 of the TRAC
gene. The anti-CD19 CAR donor DNA directed to exon 3 is synthesized to include the anti-
CD19 CAR cassette (SEQ ID NO:22) as set forth in the Examples above, where the anti-CD19
expression cassette 1s flanked by sequences from the exon 3 locus (SEQ ID NO:24 and SEQ ID
NO:25) as set forth above. The anti-CD19 CAR donor directed to exon 1 (having the sequence of
SEQ ID NO:38) 1s provided in Example 4. Each of these constructs — one having the anti-CD19
CAR cassette (SEQ ID NO:22) flanked by TRAC exon 1 HAs (SEQ ID NO:18 and SEQ ID
NO:19), and the other having the anti-CD19 CAR cassette (SEQ ID NO:22) flanked by TRAC
exon 3 HAs (SEQ ID NO:24 and SEQ ID NO:25), was used to produce donor fragment using
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modified forward primers having PS and 2’-O-methyl modifications on the three 5’-terminal
most nucleotides. The reverse primers had 5’-terminal phosphates. The primers for producing the
anti-CD19 CAR donor flanked by exon 1 HAs were SEQ ID NO:18 and SEQ ID NO:19, where
the SEQ ID NO:18 primer included PS linkages between first and second, third and fourth, and
fourth and fifth nucleosides and 2’-O methyl groups at position 3, position 4, and position 5 from
the 5” end. The primers for producing the anti-CD19 CAR donor flanked by exon 3 HAs were
SEQ ID NO:28 and SEQ ID NO:29, where the SEQ ID NO:28 primer had PS linkages between
the first and second, second and third, and third and fourth nucleosides from the 5° end and 2’-O-
methyl groups at position 2, position 4, and position 5 from the 5° end. The resulting double-
stranded donor DNAs thus had a first strand with corresponding PS and 2’-O-methyl
modifications on the 5’-terminal end nucleotides, and a second strand having a 5’-terminal
phosphate.

The donor fragments were independently transfected into activated T cells with RNPs.
RNPs were produced as described in Example 1, except that for targeting TRAC gene exon 1,
the target sequence of the crRNA was SEQ ID NO:1, and for targeting TRAC gene exon 3, the
target sequence of the crRNA was SEQ ID NO:26. As can be seen in FIG. 11, approximately
41% of the culture that was transfected with an RNP targeting exon 3 of the TRAC gene and a
donor fragment for expressing the anti-CD19 CAR were both TCR negative and positive for
anti-CD19 CAR, while approximately 20% of the culture that was transfected with an RNP
targeting exon 1 of the TRAC gene and a donor fragment for expressing the anti-CD19 CAR
were both TCR negative and positive for anti-CD19 CAR. T cell cultures transduced with a
retrovirus including the anti-CD19 CAR expression cassette demonstrated a higher percentage of
anti-CD19 CAR expressing cells, but these cells did not have a TCR knockout.

Example 6. Targeted insertion of an anti-CD38 dimeric antibody receptor (DAR) construct
into the TRAC exon 1 locus with Cas9.

In further experiments, further configurations of synthetic antibody-receptors were
expressed in T cells. Constructs were made for the expression of dimeric antibody receptors
(DARs, see, for example, US Patent Application Publication No. US 2020/0399393 and WO
2019/173837, both of which are incorporated herein by reference in their entireties), where the

DAR constructs included a nucleic acid sequence encoding two polypeptides linked by a “self-
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cleaving” 2A sequence that was used to generate two polypeptides from a single open reading
frame. Various DAR constructs were generated using sequences of the ‘A2’ CD38 (US Patent
No. 10,059,774, incorporated herein by reference). The first encoded polypeptide was a heavy
chain polypeptide that included a signal peptide, the heavy chain variable region and the first
heavy chain constant region (CH1) of CD38 monoclonal antibody ‘A2’ | a hinge region from
CD28, the transmembrane domain of CD28, and cytoplasmic signaling domains of 4-1BB and
CDC. This was followed by the Thosea asigna virus T2A peptide-encoding sequence (SEQ ID
NO:44) and then by the sequence encoding the second polypeptide, where the second
polypeptide included, proceeding from the N-terminus to the C-terminus, a signal peptide, and
the immunoglobulin light chain variable region (VL) plus constant region (lambda) of CD38
monoclonal antibody ‘A2’ The precursor polypeptide that included the first and second
polypeptides, each preceded by a signal peptide and joined by a 2A sequence, 1s provided as
SEQ ID NO:52. The mature first and second polypeptides of the CD38 DAR, as synthesized by a
cell, are provided as SEQ ID NO:53 and SEQ ID NO:54 respectively.

The nucleic acid sequence encoding the heavy chain polypeptide sequence, 2A peptide,
and light chain polypeptide sequence (SEQ ID NO:51) were operably linked to the JeT promoter
(SEQ ID NO:3) at the 5° end of the DAR-encoding sequence and an SV40 polyA addition
sequence (SEQ ID NO:45) at the 3’end of the DAR-encoding sequence. The entire anti-CD38
DAR construct with promoter and polyadenylation sequences (SEQ ID NO:46), was cloned
between homology arms of 660 bp and 650 bp in a vector. The homology arms included
sequences of the TRAC exon 1 locus on either side of the target sequence (SEQ ID NO:1).
Donor fragments for use in transfection experiments were synthesized by PCR using a forward
primer that included three PS bonds between the first and second, third and fourth, and fourth
and fifth nucleotides and three 2’-O-methyl modifications at nucleotides 3, 4, and 5 when
numbering from the 5’-terminus of the primer (SEQ ID NO:18), and a reverse primer that
included a 5’ terminal phosphate (SEQ ID NO:19) (Table 1). The resulting PCR product (SEQ
ID NO:49) included the homology arms (SEQ ID NO:20 and SEQ ID NO:21) flanking the anti-
CD38 DAR-encoding construct (SEQ ID NO:46) and had the primer modifications of SEQ ID
NO:18 incorporated into the first strand and a 5° terminal phosphate but no introduced chemical

modifications added to the opposite, or second, strand.
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Isolation of primary human T cells from PBMCs, preparation of the RNP that included
Cas9 and hybridized tracrRNA and crRNA that included the target site sequence (SEQ ID
NO:1), and transformation of isolated T cells with the RNP targeting exon 1 of the TRAC gene
and the donor fragment of SEQ ID NO:49 that included the CD38 DAR construct (SEQ ID
NO:46) was performed essentially as set forth in Example 1.

Fourteen days after transfection, the T cell population transfected with Cas9 RNP plus
the donor DNA having homology arms for targeting the Cas9 target site (SEQ ID NO:47) was
analyzed by flow cytometry alongside the knockout controls as described in Example 1 (Figure
13). Only about 32% of the cell population that was transfected with a Cas9 RNP targeting the
TRAC gene in the absence of a donor fragment (“TRAC KO”, middle panel) expressed the TCR.
By comparison, nearly all (approximately 98%) nonmodified activated T cells (activated T cells
“ATC”), shown in the leftmost panel of Figure 13, expressed the TCR. As expected, cells that
did not receive donor DNA showed no expression of the anti-CD38 constructs (Figure 13,
middle panel). On the other hand, a majority (5.5%) of the cell population transfected with an
anti-CD38 DAR construct donor DNA in addition to a Cas9 RNP demonstrated expression of the
CD38 DAR construct (Figure 13, rightmost panel) and did not express the T cell receptor.

The insertion of the anti-CD38 DAR construct into the Cas9 target site of exon 1 of the
TRAC gene (SEQ ID NO:1) was confirmed by PCR performed on genomic DNA isolated from
both transfected cell populations and sequencing of the junction fragments. For Cas9-mediated
insertion, PCR of the 5" homology arm region used SEQ ID NO:48 as the forward primer and
SEQ ID NO:49 as the reverse primer. PCR of the 3° homology arm region used SEQ ID NO:50
as the forward primer and SEQ ID NO:51 as the reverse primer. Sequencing of the resulting PCR
fragments demonstrated that the anti-CD38 DAR construct had inserted in the targeted Cas9
target site.

The results of cytotoxicity assays with the transfected populations co-cultured with
RPMI8226 cells demonstrated that T cells transfected with the DAR construct by using a Cas9
system had the expected physiological behavior (Figure 14). Cells transfected with the Cas9
RNP plus anti-CD38 DAR construct donor DNA (SEQ ID NO:47) showed specific killing of
RPMI88226 cells that was dramatically higher that of the control population having a knocked
out TCR gene but not transfected with an anti-CD38 DAR construct donor DNA.
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Example 7. In silico prediction of Double-Stranded Breaks (DSBs)

The target sequence of SEQ ID NO:1 was selected for construct integration because its
modification would disrupt the reading frame of the TRAC gene and because there is no

identical sequence elsewhere in the human genome. The Benchling (San Francisco, CA)

CRISPR Guide RNA Design software (benching.com) was used to identify potential off-target
sites in the human genome when using the guide RNA that targeted exon 1 of the TRAC locus
(having the targeting sequence of SEQ ID NO:1). Gene function annotation was done using
ANNOVAR software (Wang et al. (2010) Nucl Acids Res. 38:e164). Fifty in silico predicted
DSBs of the crRNA that included the target site of SEQ ID NO:1 are listed in Table 2 including
genome coordinates, (off-)target sequence in the genome, predicted cleavage score, and gene
function annotation. The predicted DSBs were ranked by score from highest to lowest cleavage
score. The predicted DSB site with the highest score is in the TRAC locus which is the on-target
cleavage, and the remaining entries are potential off-target DSBs having some degree of
sequence homology to the target sequence of SEQ ID NO:1.
Table 2. In-silico predicted DSBs of crRNA against TRAC locus.
Chr | Position Sequence Score Func Gene

chr14 22547505 |CAGGGTTCTGGATATCTGT| 100 |Exon 1 junction [TRAC

chr4 57114018 |CAAGTTTCTIGATATCTGT 2.5 |ncRNA_intronic |RP11-12A1.1

chr16 19151786 |CATTGTTCTAGATATCTGT 2.5 [intronic CTD-2349B8.1

chr17 12425260 |GATGGTTCCGGATATCTGT| 1.7 |intergenic RP11-471L13.2;LINC00670

chr2 225701288 [TAGTGTTCTGGCTATCTGT 1.6 |ncRNA_exonic |RP11-314B1.2

chr11 33910945 TGGGGGTCTGGATATCTGT| 1.6 |intergenic LMO2;CAPRIN1

chr10 29620188 |(CATGGCTATGGATATCTGT| 1.5 |intronic SVIL

chr16 3810642 |AAGTATTCTIGATATCTGT 1.4  |exonic CREBBP

chr12 83242253 |GAGGTTTCTGGATATCTGG| 1.4 |intergenic ?g:ll:;lii?r‘l 3.2RP11-

chr1 163589101 AATCATTCTGGATATCTGT 1.4 |intergenic RNA5SP63;RF00012

chr11 76117929 CAATTTTCTIGATATCTGT 1.3 |intronic UVRAG

chr7 123204620 CAGTGTTCTAGATATCTGA 1.1 |intergenic SLC13A1;IQUB
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chr7 47512568 [CAGAGTGCTGIATATCTGT| 1 |intronic TNS3
chril  [72679292 [CAGGITCCAGGATATCTGT| 1 |intergenic PDE2A;ARAP1
chri5 99175578 |GAGGGGTCTGIATATCTGT| 1 |intronic TTC23
chr2 48154612 ATGGGTCCTIGATATCTGT| 1  |ncRNA_intronic |AC079807.4
chrg 104075440 |CATTICTGCTGGATATCTGT | 0.9  [intronic RIMS2
chri5 86891532 [CATICTACTGGATATCTGT | 0.9 |intronic AGBL1
chrs 140082170 |CATGCTACTAGATATCTGT | 0.9 [intergenic NRG2,CTB-131B5.4
chr2 205415665 CAAGGTAATIGATATCTGT | 0.9 |intronic PARD3B
chrX 84161433 |GAGAGTTITGCATATCTGT | 0.9 |intronic RPS6KA6
chr3 89713738 |AAAGGTTITGCATATCTGT | 0.9 |intergenic EPHA3;RF00012
chrX 71572437 |AATGGTTGTGCATATCTGT | 0.9 |intronic OGT
chr2 241712463 TAGATTTCTGIATATCTGT | 0.9 |intronic ING5
chri6 4419087 |CIGAGCTGTGGATATCTGT| 0.9 |ntergenic CORO7,DNAJA3
chr21 41988729 |ATAGGTTCTGCATATCTGT| 09 |UTR3 7BTB21
chrid 21406177 [CAGATTTTAGGATATCTGT | 0.9 |intronic CHDS
chrs 93337288 (CTGGTGTTTGGATATCTGT | 0.9 |intergenic 5;3-5291N23.1;RP11-
chri9  [30371678 |AGGGTATCTGGATATCTGT| 0.9 |upstream ZNF536
chré 142672594 [CTCGCTTCTGAATATCTGT | 0.9 [intergenic g;g 11;‘:0(39'1;RP1'
chri3  [90486292 [CTGAGTTCTITATATCTGT | 0.8 |intergenic MIR622;RP11-158A8.1
chrX 49750504 [CATITTTCTGAATATCTGT | 0.8 |ntergenic PAGE1,PAGE4
chra 158960302 [CATGGGTTITIGATATCTGT | 0.8 |exonic Cdorfa5
chra 13938348 |CATGGTTCTIGATACCTGT | 0.8 |ncRNA_intronic |RP11-341G5.1
chrs 15599009 |AAAGATTCTGGITATCTGT | 0.8 |intronic FBXL?
chrs 146441246 |CAAATCTCTGGATATCTGT | 0.8 |intergenic CTB-1H10.1,TCERG1
chrs 99820618 |CATIGTTCTAAATATCTGT | 0.8 |intergenic CTD-2151A2.1;RF00019
chr2 209202308 [CAGGCTTICAGATATCTGT | 0.8 |intergenic RNA5SP117;MAP2
chri2 124473886 CAGAGTCCTGGACATCTGT| 0.8 |intronic NCOR2
chri1 112561353 AAGGGCTCTGGACATCTGT| 0.8 |ncRNA_intronic |RP11-65M17.3
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chrX 18700855 |GAGGITTCTAGCTATCTGT| 0.8 |intronic PPEF1
chr2 1486193 | CAAGGTTITTAATATCTGT 0.8 lintronic TPO
chr10 78376800 |CTGGGGTCTGGAGATCTGT| 0.8 |ncRNA_intronic [LINCO0595;RP11-90J7.3
chr7 132290688 CATGATTCTGGATATCTCT 0.7 intronic PLXNA4
chr4 6221527 |CAGGGTTCGCCATATCTGT| 0.7 (intergenic RP11-586D19.2,\WFS1
chr17 46650565 TTGGGTTGTGGAAATCTGT| 0.7 |intronic NSF
chr17 46432993 [TTGGGTTGTGGAAATCTGT| 0.7 (intergenic ARL17B;LRRC37A2
chr13 35346557 AAAGGTTATGGAAATCTGT| 0.7  |intronic NBEA
chré 94570974 AAGCTTTCTGGAGATCTGT | 0.7 |intergenic RP3-399J4.3,RP13-441.19.2
chrX 111474546 CTAGGTTITGGACATCTGT | 0.7 |intergenic RNUG-496P;RP6-170F5.2

Example 8. Efficiency of DAR construct integration at Targeted TRAC Locus Using Cas9

T cells of three different donors (donors #301, #302, and #303) were separately isolated

from PBMCs by thawing frozen PBMCs in a 37° C water bath the cells were washed once with
CTS OpTmizer T Cell Expansion SFM basal medium and resupended in CTS™ Dynabeads™
CD3/CD28 and beads (1.25 mL per 1 x 10° PBMC cells) were transferred to a new tube. The

beads were washed once with CTS™ OpTmizer™ T-Cell Expansion SFM basal medium, and

then the resuspended cells and beads were combined and cell concentration was adjusted to 3 x

107 cells/mL. The tubes were rotated on a sample mixer at 10 rpm for 30 min at room

temperature and then placed on a magnet (Easy 50 EasySep™ Magnet) for 3 minutes, after

which the supernatant was removed. The pellet was washed once with CTS™ OpTmizer™ T-

Cell Expansion SFM basal medium and resuspended in T cell complete medium (CTS™

OpTmizer™ T-Cell Expansion SFM supplemented with 5% CTS™ Immune Cell SR,

GlutaMAX™ Supplement and 300 TU/mL Human IL-2). Cell concentration was adjusted to 5 x
10° cells/mL with T cell complete medium and cells were incubated at 37 °C / 5% CO». After 3
days of incubation the cells were collected by centrifugation and resuspended in T cell complete
medium. The cells plus beads were pipeted up and down and then the tube containing the cells
plus beads was placed on magnet for 3 minutes, and the supernatant containing T cells was
transferred to a new tube. Medium was added to the beads remaining in the original tube, the

mixture was pipetted up and down, and the beads were again captured with the supernatant being
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removed and added to the first supernatant. The T cells in the combined supernatants were
counted.

For transfection of T cells with a Cas9 RNP and donor oligonucleotides, the Cas9 crRNA
and tractRNA were first annealed. For each sample with CRISPR components, 5 uL. 500 uM
Alt-R CRISPR crRNA (having a sequence targeting the sequence of SEQ ID NO:1) and 5 uL
500 pM Alt-R CRISPR-CAS9 tractRNA were mixed in a tube. Alt-R CRISPR crRNA and Alt-R
CRISPR-CAS9 tracrRNA were synthesized by Integrated DNA Technologies (IDT; Coralville,
IA). The crRNA and tracrRNA were incubated in a 95 °C heat block for 5 minutes and then
incubated at room temperature for 20 minutes, after which 100 ug sNLS-SpCas9-sNLS nuclease
was added, and the annealed RNAs and Cas9 enzyme were mixed and incubated at 4 °C for 30
minutes to form Cas9 RNP. 500 pmol dsODNs were added to the RNP and the donor
oligonucleotides and RNP were mixed. Cells were washed once with Opti-MEM™ [ Reduced
Serum Medium and resuspended in Opti-MEM™ [ Reduced Serum Medium to obtain a cell
concentration of 2 x 107 cells per 200 pL. 200 uL of cell suspension were transferred to the RNP
plus donor oligonucleotides mixture in a 200 pL electroporation tube. As controls, T cells from
each donor were mock electroporated, where the cells were mixed with dsSODN donor
oligonucleotides but no CRISPR components (Cas protein or guide RNA, e.g., no RNP) were
added to the electroporation mixture. Electroporation was performed using Celetrix
electroporator at 1325 V, 20 ms, 1 pulse. After electroporation cells were transferred into T cell
complete medium at a concentration of 1 x 10° cells/mL and the cells were incubated in a 37 °C
CO: incubator. Cell concentration was adjusted every other day to 0.5 — 1 x 10° cells/mL using T
cell complete medium.

At 7 days post transfection cells were counted and gene editing efficiency (knockout of
the T cell receptor) was assessed by flow cytometry using an antibody against CD3. For each
sample 5 x 10° cells were transferred into a tube, washed once with DPBS and cell pellets were
stored at -80 °C. These sample were used for library generation and NGS as described in
Example 9.

The results of gene editing efficiency assessment on day 7 post transfection are
summarized in Table 3. Because disruption of the TRAC gene eliminates CD3 expression on T

cells, we evaluated gene editing efficiency by flow cytometry using an antibody against CD3.
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Our control samples without CRISPR components had 95.4% — 95.8% CD3 positive cells and

this percentage decreased to 6.1% - 9.7% in the samples with CRISPR components.

Table 3. Assessment of gene editing efficiency using commercial guide crRNA/tracrRNA.

Sample 1D Donor ID CRISPR components CD3+ %
STGG-201 #301 Yes 9.7
STGG-204 #301 No 958
STGG-205 #302 Yes 6.7
STGG-208 #302 No 93.6
STGG-209 #303 Yes 6.1
STGG-212 #303 No 95.4

Another series of transfections was performed essentially identically to those described

immediately above with the exception that instead of using a tracrRNA and crRNA from a

commercial source, a tractrRNA and a crRNA that included a ribonucleotide sequence

corresponding to the target sequence of SEQ ID NO:1 were produced in-house. In this case

isolated T cells were from donors 301, 304, and 305. Table 4 provides the gene editing/targeted

donor fragment integration efficiency using the in-house guides.

Table 4. Assessment of gene editing efficiency using in-house produced guide

crRNA/tracrRNA.
Sample ID Donor ID CRISPR components CD3+ %
STGG-201 #301 Yes 4.7
STGG-204 #301 No 84.2
STGG-205 #304 Yes 49
STGG-208 #304 No 914
STGG-209 #305 Yes 3.9
STGG-212 #305 No 913
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In this case the control samples without CRISPR components had 84.2% — 91.4% CD3
positive cells and this percentage decreased to 3.9% - 4.9% in the samples with CRISPR
components.

These results demonstrate that robust gene editing was achieved in our iGUIDE-Seq
samples consistently, which ensures the detection of potential oft-target DSBs.

Example 9. Off-Target Mutation Analysis Using Improved Genome-Wide Unbiased
Identification of Double-Stranded Breaks Enabled by Sequencing (iGuide).

To find off-target mutations and their frequency using a nonbiased method, the
methodology known as Improved Genome-Wide Unbiased Identification of Double-Stranded
Breaks Enabled by Sequencing (1Guide; see for example Nobles ef al. (2019) Genome Biology
20:14; https://doi.org/10.1186/s13059-019-1625-3) was used to analyze the T cells transfected in
Example 8. Library preparation and next-generation sequencing for iGUIDE-Seq were
performed on the transfected T cell samples of Example 8 by Genenius Genetics (San Diego,
CA).

The double-stranded oligodeoxynucleotides (dsODN5s) (46 nucleotides in length) that
were included in the transfections were used for detection of off-target editing sites. Insertions of
the dsODNGs at off-target sites after the creation of double-stranded breaks by Cas9 allowed for
sequencing of the off-target loci using sequencing primers that hybridized to the ODN
sequences.

Libraries were made from DNA isolated from the cell populations shown in Tables 3 and
4 and next generation sequencing was performed according to established methods by Genenius
Genetics (San Diego, CA). The regions containing DSBs determined by iGUIDE-Seq from cells
of three different donors transfected with dsODNs and an RNP that included the Alt-R
crRNA/tractRNA (IDT, Coralville, IA) (Table 3) resulting from the sequence analysis are listed
below in Tables 5—7. Tables 5-7 also include the genome coordinates, sequencing depth, and
functional annotation of the gene at or proximal to the observed DSB sites.

Fourteen, thirteen, and seventeen DSB regions were identified from the transfections of T
cells of donors #301, #302, and #303 respectively using the Alt-R RNAs. The most abundant
DSB regions identified in the three donor genomes are all located in TRAC locus, which 1s the

on-target DSB region. The percentage of on-target DSBs at the TRAC locus out of all DSBs

56

SUBSTITUTE SHEET (RULE 26)



10

WO 2022/015956 PCT/US2021/041790

identified by iGUIDE-Seq ranges from 88% to 91% in the three different transfections. Six off-
target DSB regions were found in more than two samples that included CRISPR components,
which are highlighted in bold type in the tables below. Combining experiments from the three
donors, a total of 30 potential off-target DSBs regions were identified. Importantly none of
potential off-target DSB regions was found to occur in a protein coding region, indicating that
any off-target DSBs of the CRISPR components used are unlikely to disrupt critical gene
functions.

The sequencing depth at the peaks of on-target DSBs region (TRAC locus) ranged from
7704 to 44951 and the threshold of analysis was set to 10. Based on these parameters, we
calculated the detection sensitivity of the iGUIDE-Seq method used to detect off-target DSBs
was about 0.02% - 0.12% (10/44951 — 10/7704) of on-target DSBs.

Table S. DSBs regions identified by iGUIDE-seq for Donor #301 transfected with RNP
including Alt-R crRNA/tracrRNA

SUBSTITUTE SHEET (RULE 26)

% of reads
relative to
Chr Start End Depth on-t.z;rget Func Gene
Site
chrl4  [22547436 [22547586 | 22339 | 100.00% exonic
TRAC
chr20 24956161 [24956287 | 1358 6.08% intronic ST7
chrd 49709342 49709546 | 407 1.82% intergenic RPlll-\}(Z)Sl\}ng.S;
chr19 1512270 |1512295 262 1.17% intronic
ADAMTSLS
chr13  |18211906 [18212104 | 176 0.79% ncRNA_
intronic RP11-341D18.3
chr5 128810747 (128810772 | 156 0.70% intergenic | CTC-573MO.1;
SLC27A6
chr18 28607975 (28607985 131 0.59% intergenic CDH2;
RP11-510D21.1
chr20 (32791392 (32791407 98 0.44% intronic
DNMT3B
chrl6 34588067 [34588254 72 0.32% intergenic RNA5-85P2;
CTD-2144E22.9
chrY  [11328342 (11328458 68 0.30% intergenic RNAS5-85P6;
RN7SL702P
chrl 28725622 [28725626 67 0.30% intergenic GMEBI;
YTHDF2
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chrl 125179221 (125179402 | 67 0.30% intergenic NONE;
NONE
chrl0  |5820171 5820177 63 0.28% intergenic | RP11-318E3.9;
ANKRDI16
chrd 178180900 178180902 | 57 0.26% intergenic RNU1-45P:
RNAS5SP173

Table 6. DSBs regions identified by iGUIDE-seq for Donor #302 transfected with RNP

including Alt-R crRNA/tracrRNA

% of reads
relative to

on-target
Chr Start End Depth site Func Gene
chrl4  [22547426 [22547594 | 68252 100.00% exonic TRAC
chr20 24956165 [24956255 3858 5.65% intronic CST7
chr19 1512210 [1512321 889 1.30% intronic ADAMTSLS
0.86% CDH2;
chr18 28607960 [28608028 584 intergenic | RP11-510D21.1
0.70% CTC-573M09.1;
chrs 128810717 [128810777 | 476 intergenic SLC27A6
0.33% RP11-42F12.1;
chr3 145805989 1145805990 | 223 intergenic | RP11-88H10.2
0.25% RP11-
1281K21.8;
chr4 49709486 (49709698 171 intergenic NONE
0.23% ncRNA
chr8 24484213 24484222 158 intronic RP11-624C23.1
chr3 52940234 (52940237 150 0.22% intronic SFMBT1
chr20 32791399 (32791407 121 0.18% intronic DNMT3B
0.16% RNAS5-8SP2;
chrl6 34571787 34571860 107 intergenic  |CTD-2144E22.9
0.14% ncRNA
chr4 85007083 [85007104 96 exonic WDFY3-AS2
0.11% ncRNA
chrl0 104352184 104352193 76 intronic RP11-127L.20.6
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Table 7. DSBs regions identified by iGUIDE-seq for Donor #303 transfected with RNP

including Alt-R crRNA/tracrRNA

% of reads
relative to

on-target
Chr Start End Depth site Func Gene
chr14 22547422 22547602 | 55881 100.00% €xonic TRAC
chr20 24956149 24956236 4324 7.74% intronic CST7
chr19  [1512270 (1512291 831 1.49% intronic ADAMTSLS
chr20 32791391 (32791429 354 0.63% intronic DNMT3B
0.50% CDH2;
chr18 28607976 28607989 280 intergenic | RP11-510D21.1
0.49% CTC-573M9.1;
chr5 128810713 (128810778 | 274 intergenic SLC27A6
0.37% MAP3K7,
chr6 90769404 90769431 208 intergenic RP1-177110.1
chr3 133343722 133343768 | 164 0.29% intronic TMEM108
0.29% KIF2B;
chrl7 54299505 (54299507 160 intergenic RN7SKP14
0.26% NONE;
chrl 143262680 143262897 | 144 intergenic RNASSP533
0.25% NKAINT;
chrl 31254953 31254987 142 intergenic SNRNP40
0.22% NONE;
chrl 143232982 (143233147 | 123 intergenic RNASSP533
0.20% RF00019;
chr6 67751230 67751237 111 intergenic  |RP11-301G19.1
chr6 18439213 [18439219 82 0.15% intronic RNF144B
0.12% RP11-683L23.7,
chrl8 108091 108251 67 intergenic MIR8078
0.11% FAMI168A;
chrll 73623119 (73623124 59 intergenic PLEKHB1
0.10% ncRNA
chrX 17972943 17972948 56 intronic RP3-410B11.1

The regions containing DSBs determined by 1GUIDE-Seq from cells of three different

donors transfected with dsODNs and an RNP that included in-house produced crRNA/tractRNA

(IDT, Coralville, [A) (Table 4) resulting from the sequence analysis are listed below in Tables

8-10. Tables 8-10 also include genome coordinates, sequencing depth, and functional annotation

of the gene at or proximal to the observed DSB sites.
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Fifteen, sixteen, and sixteen DSB regions were identified from the transfections of T cells
of donors #301, #304, and #305 respectively using the Alt-R RNAs. The most abundant DSB
regions identified in the three donor genomes are all located in TRAC locus, which 1s the on-
target DSB region. The percentage of on-target DSBs at the TRAC locus out of all DSBs
identified by iGUIDE-Seq ranges from 78% to 80% in the three different transfections. Nine off-
target DSB regions were found in more than two samples that included CRISPR components,
which are highlighted in bold type in the tables below. Combining experiments from the three
donors, a total of 30 potential off-target DSBs regions were identified. Importantly none of
potential off-target DSB regions was found to occur in a protein coding region, indicating that
any off-target DSBs of the CRISPR components used are unlikely to disrupt critical gene
functions.

The sequencing depth at the peaks of on-target DSBs region (TRAC locus) ranged from
105336 to 328583 and the threshold of analysis was set to 10. Based on these parameters, we
calculated the detection sensitivity of the iIGUIDE-Seq method used to detect off-target DSBs
was about 0.01% - 0.12% (10/105336) of on-target DSBs.

The off-target DSBs identified by iGUIDE-Seq using IDT Alt-R crRNA/tractRNA and
in-house produced crRNA/tracrRNA are highly similar, especially those with higher reads

percentage relative to the on-target site.

Table 8. DSBs regions identified by iGUIDE-seq for Donor #301.

SUBSTITUTE SHEET (RULE 26)

Reads %
relative to
Chr Start End Reads | on-target site Func Gene
chr14 22547420 22547595 | 778976 100.00% exonic TRAC
chr20 [24956133 24956259 | 107213 13.76% intronic CsT7
chr19 1512247 (15612314 28331 3.64% intronic ADAMTSLS
chr18 28607925 (28608057 | 18547 intergenic CDH2;
2.38% RP11-510D21.1
chr20 [32791355 32791448 9922 1.27% intronic DNMT3B
chr5 128810713 (128810798 | 9076 intergenic CTC-573M9.1;
1.17% SLC27A6
chr3 15513813 [15513821 5317 0.68% intronic coLQ
chrX [17972933 [17972976 4330 0.56% ncRNA intronic| RP3-410B11.1
chr19 42923112 42923122 3784 0.49% intergenic PSG6;PSG7
chr3 133343757 (133343809 | 3052 0.39% intronic TMEM108
chr20 [34298705 (34298719 2523 0.32% intronic AHCY
chr17 45045074 45045110 1536 0.20% intronic DCAKD
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chr2 105366661 [105366669 | 1095 ncRNA_ AC012360.6
0.14% intronic
chr15 [54767271 [54767286 538 intergenic UNC13C:RP11-
0.07% 548M13.1
chr2 [74203685 [74203691 523 0.07% intronic MTHFD2
chr19 [30371673 [30371678 509 0.07% upstream ZNF536
Table 9. DSBs regions identified by iGUIDE-seq for Donor #304.
Reads %
relative to
Chr Start End Reads | on-target site Func Gene
chr14 [22547420 [22547599
709884 | 100.00% exonic TRAC
chr20 [24956138 [24956286
122535 17.26% intronic CST7
chr19 1512243 [1512324
24067 3.39% intronic ADAMTSLS5
chr18 (28607945 (28608029 CDH2;
12443 1.75% intergenic RP11-510D21.1
chr5 128810739 (128810798 CTC-573M9.1;
8921 1.26% intergenic SLC27A6
chr20 [32791360 [32791444
7309 1.03% intronic DNMT3B
chr17 [45045070 [45045112
6319 0.89% intronic DCAKD
chr2 [105366649 (105366668 ncRNA_
3930 0.55% intronic AC012360.6
chr20 [34298703 [34298731
3493 0.49% intronic AHCY
chré  |67751217  |67751242 RF00019;
3325 0.47% intergenic RP11-301G19.1
chr3 [145805982 [145805996 . _ RP11-42F12.1;
2815 0.40% intergenic RP11-88H10.2
chr15 |54767274 54767289 UNC13C;
2621 0.37% intergenic RP11-548M13.1
chr3 [133343752 [133343804
2566 0.36% intronic TMEM108
chr3 15513809 [15513819
1984 0.28% intronic coLQ
chr19 [30371674 [30371683 1065 0.15% ZNF536
upstream
chrX [17972939 (17972976 | 1056 0.15% n_CFNA__ RP3-410B11.1
Intronic
chré [88864446 (88864453 109 0.02% RNGTT
intronic
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Table 10. DSBs regions identified by iGUIDE-seq for Donor #305.
Reads %
relative to
Chr Start End Reads | on-target site Func Gene
chr14 [22547416 22547595 |342542| 100.00% exonic TRAC
chr20 [24956120 24956298 | 59846 17.47% intronic CsT7
chr19 1512232 1512345 9121 2.66% intronic ADAMTSLS
chr20 [32791359 32791408 7975 2.33% intronic DNMT3B
CTC-573M9.1;
chr5 (128810739 128810809 | 4133 1.21% intergenic SLC27A6
CDH2;
chr18 [28607963 28608026 4048 1.18% intergenic RP11-610D21.1
RP11-42F12.1;
chr3 145805966 [145805999 | 1908 0.56% intergenic RP11-88H10.2
chr17 45045067 45045122 1755 0.51% intronic DCAKD
chr3 133343758 133343804 | 1504 0.44% intronic TMEM108
ncRNA_
chr2 105366659 (105366689 | 1110 0.32% intronic AC012360.6
NONE;
chr3 193470613 93470727 1006 0.29% intergenic RNUG-488P
RF00019;
chré 167751215 67751245 939 0.27% intergenic RP11-301G19.1
RP11-470F18.1;
chr9 [75844622 [75844629 780 0.23% intergenic PCSK5
chr3 (15513809 16513824 429 0.13% intronic coLQ
PSG6;
chr19 142923100 42923116 376 0.11% intergenic PSG7
RASSFG6;
chr4 [73671341 [73671346 300 0.09% intergenic AC112518.3
KCNE1B;
chr21 [7926402 7926435 176 0.05% intergenic CH507-338C24.3
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The sequencing depth at the peaks of the on-target DSB region (the TRAC locus, top row
of all of Tables 5-10) ranged from 7,704 to 346,110, and the threshold of analysis was set to 10..
the sensitivity in detecting oft-target DSBs is calculated to be about 0.12% (10/7,704) of on-
target DSBs.

In summary, Tables 5-10, which include the DSB regions identified by the unbiased
1GUIDE method ranked by the abundance of reads, show that the potential off-target sites are
similar from sample to sample, with five of the high-confidence off target DSB regions
(highlighted in bold type in Tables 6-11) detected in all experiments. Importantly, none of the
off-target sites identified by iGUIDE-Seq were found to be in protein coding regions.

Example 10. Next Generation Sequencing of Identified and Predicted Off-Target Sites for
Cells Engineered to Express an anti-CD38 DAR Construct.

Based on the iGUIDE-Seq results and in-silico prediction results (Example 7), we
selected 79 potential editing sites to be evaluated by amplicon sequencing. To evaluate the oft-
target effect of CRISPR mediated gene editing in CD38A2 DAR-T cells produced by the
methods for gene editing described in Example 6 using in-house produced tracrRNA and crRNA
for targeting exon 1 of the TRAC locus, a panel of amplicon sequencing primers was designed
and optimized. The panel contained 155 amplicons designed for the on-target TRAC site and 78
potential off-target sites determined by biased in-silico prediction or unbiased iGUIDE-Seq. The
targeted regions contained the on-target region, confirmed off-target regions, in silico predicted
off-target sites in exonic regions (although no indel was detected in those regions) and as
controls some potential off-target sites in which there was not a consistent indel detected.

Out of 79 targeted genome regions, 1 on-target site and 5 off-target sites were confirmed with
indel variants in more than one CD38A2 KOKI DAR-T cell sample (Table 11).

Amplicon sequencing was performed in Anti-CD38A2 KOKI DAR-T cells produced
using three independent donors (#3006, #307, #308). T cells that were not subjected to gene
editing from the three donors were used as controls to remove native genome variants in the
donor samples. Post-transfection and prior to amplicon analysis, subtraction of T cell receptor-

expressing T cells were performed using magnetic beads that bound CD3 to use the process that

63

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2022/015956 PCT/US2021/041790

would be used for preparing transfected cells for allogeneic therapy, resulting in T cell
populations with very high levels of CD38A2 DAR expression (Table 11).

With a variant calling out threshold at 0.5% AF (allele frequency), out of 79 targeted
genome regions, 1 on-target site and 5 off-target sites were detected with indel variants in more
than one gene edited CD38A2 KOKI DAR-T cell sample. On-target and oft-target sites
confirmed by targeted amplicon sequencing are listed in Table 11 including genome coordinates,
gene functional annotation, and detected frequency of variants (including deletion, insertion and
substitution) in each gene-edited CD38A2 KOKI DAR-T cell sample. No confirmed off-target
sites were in exonic regions. For intergenic and intronic off-target gene editing, there was no
evidence found to support their relationship to gene regulatory elements that could relate to
activation of oncogenes, inhibition of tumor suppressors, and abnormal activity of gene
regulation.

To assess the assay performance of amplicon sequencing for gene editing evaluation, two
gBlocks (IDT double stranded DNA fragment) per targeted region were designed and
synthesized as standards to create a calibration curve. One gBlock contained a single 40 bp
deletion and the other contained one 2 bp deletion, one 1 bp insertion, and two single-nucleotide
polymorphisms. Calibration curves were created by spiking synthetic gBlocks at 0, 0.25%, 0.5%,
1%, 5% and 10% allele frequency in genomic DNA derived from 12 cell lines from Coriell
Institute separately. Amplicon sequencing data confirmed that all designed variants can be
detected at the lowest spike-in allele frequency with detection rate > 90% and coefficient of
variation < 0.6. Determined LOD and LOQ were 0.25% allele frequency for majority of targets
except 0.31% allele frequency for target STGG-29 (0.31% allele frequency was the lowest spike-
in level created for the long deletion variant of this target). Assay accuracy (sensitivity and
specificity) were analyzed at 1% allele frequency. Both calculated sensitivity and specificity for
all targets were 100% with a 95% confident interval 75.75% - 100%. To evaluate the assay
precision (Repeatability and Reproducibility), three intra-run replicates and three inter-run
replicates of amplicon sequencing were performed for 12 Coriell Institute cell lines genomic
DNA with synthetic gBlocks spike-in at 1% allele frequency individually. Overall, the intra-run
repeatability of detecting all variants at average 1% allele frequency were verified to be 100%

while the inter-run reproducibility of detecting vast majority variants at average 1% allele
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frequency were verified to be 100%, except 97% for STGG-29 (in one inter-run replicate the

long deletion variant for STGG-29 was not detected at frequency > 60% of expected allele

frequency).
5
Table 11. On/Off-target sites confirmed by targeted amplicon sequencing.
Target |Chr [Start end Func Gene Donor 306 | Donor 307 [Donor 308
10
STGG-22|chr14 22547421 22547602 |exonic  [TRAC 94 .86% 96.89% | 95.63%
STGG-28|chr19 |1512209 (1512321 |intronic  |ADAMTSLS|  7.58% 5.79% 8.24%
CTC-
STGG-13(chr5 |128810712 (128810778 fintergenic [S73M9.1.SL |  4.18% 4.12% 4.25%
C27A6
STGG-29|chr20 24956148 24956287 |intronic  [CST7 1.75% 4.65% 3.47%
CDH2;RP11- o o o
STGG'27chr18 28607959 (28608028 fintergenic [S10D21.1 L13% L18% 1.26%
STP-48 |chrX [84161392 (84161473 |intronic |RPS6KA6 0.51% 0.50% 0.00%
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Table 12. On/Off-target editing efficiency determined by amplicon sequencing.

Editing efficiency
Target |Chr [start end Func Gene Sample | Sample | Sample
1 2 3
STGG- hr3 13334372133343761ntr9n1c (non- TMEML08 0.00%  10.00% 10.00%
07 1 8 coding)
. . RP11-
STGG- hi3 14580596145806001nte.rgen1c (non- LOF12.1RPL- [0.00% [0.00%  [0.00%
08 0 9 coding) QSH10.2
STGG- 12881071/12881077|intergenic (non- CTC-
chrs . 573M9.1:SLC27 4.18% [4.12% [4.25%
13 2 8 coding) A6
STGG- [chrl intergenic (non- |(CDH2;RP11- o o o
i o [2860793928608028 ding) <10D2L 1 1.13% |1.18% [1.26%
STGG- (ehrl\ 510709 1512321 [Rtromie (o= pyanirars  1758%  [5.79%  [8.24%
28 9 coding)
;gGG' ghrz 2495614824956287101:;?;15 (non- g1 1.75% W.65% [3.47%
ggGG' ghrz 327913893279143022};?35 (non- I NMT3B 0.00% [0.00% [0.00%
intergenic (non- RP11- o o o
STP-00 (chr4 6221486 (6221567 |') ding) 536010 2-WES 0.00% [0.00% [0.00%
STP-12 |chr4 15896026;5896034exonic (coding)  |Cdorfd5 0.00% [0.00% 0.00%
STP-27 ‘l’hrl 72679251726793322?5{55“0 (non- b E)A-ARAPL [0.00%  [0.00%  10.00%
STP-29 ‘l’hﬂ ;1256133;31,12561371(11‘1’;1\}3&%;’“‘“ RP11-65M17.3 [0.00% 10.00% [0.00%
STP-37 ‘6’1“1 3810601 [3810682 fexonic (coding)  |CREBBP 0.00% [0.00% [0.00%
STP-48 ;?r 8416139284161473223?35 (non- e PSEKAG 051% [0.50% [0.00%
ngGG' Zh“ 22547421122547602fxonic (coding)  [TRAC 04.86% [96.89% [95.63%
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CD38 DAR SEQUENCES

SEQ ID NO:46

DNA

Artificial

CD38 DAR insert 2652 nt

GAATTCGGGCGGAGTTAGGGCGGAGCCAATCAGCGTGCGCCGTTCCGAAAGTTGCCTTTTATGGCTGGGC
GGAGAATGGGCGGTGAACGCCGATGATTATATAAGGACGCGCCGGGTGTGGCACAGCTAGTTCCGTCGCA
GCCGGGATTTGGGTCGCGGETTCTTGTTTGTGGATCCCTGTGATCGTCACTTGACAGTAAGTCACTGACTG
TCTATGCCTGGGAAAGGGTGGGCAGGAGATGGGGCAGTGCAGGAAAAGTGGCACTATGARCCCTGCAGCC
CTAGGAATGCATCTAGACAATTGTACTAACCTTCTTCTCTTTCCTCTCCTGACAGGCCTCGAGGCCGCCA
CCATGGAGTGGAGCTGGGTGTITTCTGTTCTTCCTCTCCGTCACAACCGGCGTGCATAGCCAGGTGCAGCT
GGTGGAGTCCGGAGGCGGCCTGGTGARACCTGGCGGATCCCTGAGGCTGTCCTGCGCCGCTAGCGGATTC
ACCTTCAGCGACGACTACATGAGCTGGATCAGGCAGGCTCCCGGAAAGGGCCTGGAGTGGGTCGCTAGCG
TGAGCAATGGCCGGCCCACAACCTACTATGCCGACTCCGTGCGGGGCAGGTTTACCATCTCCAGGGATAA
CGCTAAGAACTCCCTGTACCTGCAGATGAACAGCCTGCGGGCCGAAGATACCGCCGTCTACTATTGCGCC
AGGGAGGATTGGGGCGGCGAGTTCACAGACTGGGGAAGGGGCACCCTGGTGACCGTGAGCAGCGCTTCCA
CCAAGGGCCCCTCCGTGTTCCCTCTGGCCCCCAGCAGCAAGAGCACATCCGGAGGCACCGCCGCCCTCGE
ATGTCTGGTGAAGGACTACTTCCCCGAGCCTGTCACCGTGTCCTGGAATAGCGGCGCCCTCACCTCCGGC
GTGCACACCTTCCCCGCTGTCCTGCAGTCCTCCGGACTGTACAGCCTGTCCTCCGTCGTGACCGTGCCTA
GCTCCTCCCTCGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCTTCCAACACARAGGTGGACAA
ACGGGTGGAGCCCAAGTCCTGCGACAAARACCCACACCAAGATAGAGGTGATGTACCCTCCCCCCTACTTG
GACAACGAAANGTCTAATGGCACTATCATTCACGTARAAGGGCAAACACCTTTGTCCAAGTCCTTTGTTCC
CAGGCCCATCTAAGCCGTTCTIGGGTACTCGTGGTTGTGGGGGGCGTGCTCGCTTGTTACTCACTGCTGGT
GACGGTGGCCTTTATTATTTTCTGGGTTAAACGGGGCAGARAGARAACTCCTGTATATATTCAAACARCCA
TTTATGAGACCAGTACAAACTACTCAAGAGGARGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAG
GAGGATGTGAACTGAGGGTAAAATTTAGCAGGTCTGCAGATGCGCCTGCGTATCAACAGGGTCAGAATCA
GCTCTATAATGAGCTGAACCTCGGGCGGCGGGAAGAGTATGATGTTCTCGATAAAAGGAGAGGACGAGAC
CCCGAAATGGGCGGCAAACCGAGACGCARARATCCTCAGGAGGGGCTCTACAATGAACTTCAAAAAGACA
ARATGGCCGAAGCATACTCAGAAATCGGAATGAANGGGGAGAGGAGACGCGGGAAGGGCCATGATGGACT
GTATCAGGGACTTTCCACAGCCACCAAGGACACCTATGACGCTCTCCACATGCAGGCCCTGCCCCCTCGC
GGAAGCGGAGAGGGCAGAGGAAGTCTGCTAACATGCGGTGACGTCGAGGAGAATCCTGGACCTATGTCCG
TCCCTACCCAGGTGCTGGGCCTGCTGCTGCTGTGGCTGACCGATGCTAGATGCCAGTCCGTTCTGACCCA
GCCTCCTTCCGCCTCTGGCACATCCGGCCAGAGAGTGACCATCTCCTGCAGCGGCTCCAGCTCTAACATC
GGCATCAATTTCGTGTACTGGTATCAGCACCTGCCAGGCACAGCTCCCAAGCTGCTGATCTACAAGARCA
ATCAGAGGCCTTCCGGCGTGCCAGACCGGETTCTCTGGCTCCAAGAGCGGCAACTCTGCCTCCCTGGCTAT
CTCCGGCCTGCGCAGCGAGGACGAGGCTGATTACTATTGCGCCGCTTGGGACGATAGCCTGTCTGGCTAC
GTGTTCGGCAGCGGCACAAAGGTGACCGTGCTGGGACAGCCAAAGGCTGCTCCTTCTGTGACACTGTTTC
CCCCTTCCAGCGAGGAGCTGCAGGCCAATAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTATCCTGG
AGCTGTGACCGTGGCTTGGAAGGCTGATTCTTCCCCAGTGAAGGCTGGCGTGGAGACAACAACCCCCAGC
ARAGCAGTCTARCAATAAGTACGCCGCTAGCTCTTATCTGTCTCTGACCCCAGAGCAGTGGAAGTCCCATA
GGTCCTATAGCTGTCANGTCACCCACGAAGGGAGCACAGTCGAAAAANCCGTCGCACCARACCGAGTGTTC
CTGATAAGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACA
AATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTA
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SEQ ID NO:47

DNA

Artificial

CD38 DAR insert 2652 nt flanked by 5’ 171 nt and 3° 161 nt TRAC exon 1 homology arms

ATCACGAGCAGCTGGTTTCTAAGATGCTATTTCCCGTATAAAGCATGAGACCGTGACTTGCCAGCCCCAC
AGAGCCCCGCCCTTGTCCATCACTGGCATCTGGACTCCAGCCTGGGTTGGGGCARAGAGGGAAATGAGAT
CATGTCCTAACCCTGATCCTCTTGTCCCACAGAATTCGGGCGGAGTTAGGGCGGAGCCAATCAGCGTGCG
CCGTTCCGAAAGTTGCCTTTTATGGCTGGGCGGAGARTGGGCGGTGAACGCCGATGATTATATAAGGACG
CGCCGGGETGTGGCACAGCTAGTTCCGTCGCAGCCGGGATTTGGGTCGCGGTTCTTGTTTGTGGATCCCTG
TGATCGTCACTTGACAGTAAGTCACTGACTGTCTATGCCTGGGARAGGGTGGGCAGGAGATGGGGCAGTG
CAGGAAAAGTGGCACTATGAACCCTGCAGCCCTAGGAATGCATCTAGACAATTGTACTAARCCTTCTTCTC
TTTCCTCTCCTGACAGGCCTCGAGGCCGCCACCATGGAGTGGAGCTGGGTGTTTCTGTTCTTCCTCTCCG
TCACAACCGGCGTGCATAGCCAGGTGCAGCTGGTGGAGTCCGGAGGCGGCCTGGTGAAACCTGGCGGATC
CCTGAGGCTGTCCTGCGCCGCTAGCGGATTCACCTTCAGCGACGACTACATGAGCTGGATCAGGCAGGCT
CCCGGAAAGGGCCTGGAGTGGGTCGCTAGCGTGAGCAATGGCCGGCCCACAACCTACTATGCCGACTCCG
TGCGGGGCAGGTTTACCATCTCCAGGGATAACGCTARGAACTCCCTGTACCTGCAGATGAACAGCCTGCG
GGCCGAAGATACCGCCGTCTACTATTGCGCCAGGGAGGATTGGGGCGECGAGTTCACAGACTGGGGARAGG
GGCACCCTGGTGACCGTGAGCAGCGCTTCCACCAAGGGCCCCTCCGTGTTCCCTCTGGCCCCCAGCAGCA
AGAGCACATCCGGAGGCACCGCCGCCCTCGGATGTCTGGTGAAGGACTACTTCCCCGAGCCTGTCACCGT
GTCCTGGAATAGCGGCGCCCTCACCTCCGGLCGTGCACACCTTCCCCGCTGTCCTGCAGTCCTCCGGACTG
TACAGCCTGTCCTCCGTCGTGACCGTGCCTAGCTCCTCCCTCGGCACCCAGACCTACATCTGCAACGTGA
ACCACARAGCCTTCCAACACAAAGGTGGACAAACGGGTGGAGCCCAAGTCCTGCGACAAAACCCACACCAA
GATAGAGGTGATGTACCCTCCCCCCTACTTGGACAACGAARAGTCTAATGGCACTATCATTCACGTARAG
GGCAAACACCTTTGTCCAAGTCCTTTGTTCCCAGGCCCATCTAAGCCGTTCTGGGTACTCGTGGTTGTGG
GGGGCGTGCTCGCTTGTTACTCACTGCTGGTGACGGTGGCCTTTATTATTTTCTGGGTTAAACGGGGCAG
ARAGARRCTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGC
TGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGGGTARAATTTAGCAGGTCTGCAG
ATGCGCCTGCGTATCAACAGGGTCAGAATCAGCTCTATAATGAGCTGAACCTCGGGCGGCGGGAAGAGTA
TGATGTTCTCGATARAAGGAGAGGACGAGACCCCGARATGGGCGGCAAACCGAGACGCARAAATCCTCAG
GAGGGGCTCTACAATGAACTTCAAARAGACAARATGGCCGAAGCATACTCAGAAATCGGAATGAARAGGGG
AGAGGAGACGCGGGAAGGGCCATGATGGACTGTATCAGGGACTTTCCACAGCCACCAAGGACACCTATGA
CGCTCTCCACATGCAGGCCCTGCCCCCTCGCEGAAGCGGAGAGGGCAGAGGAAGTCTGCTAACATGCGGT
GACGTCGAGGAGAATCCTGGACCTATGTCCGTCCCTACCCAGGTGCTGGGCCTGCTGCTGCTGTGGCTGA
CCGATGCTAGATGCCAGTCCGTTCTGACCCAGCCTCCTTCCGCCTCTGGCACATCCGGCCAGAGAGTGAC
CATCTCCTGCAGCGGCTCCAGCTCTAACATCGGCATCAATTTCGTGTACTGGTATCAGCACCTGCCAGGC
ACAGCTCCCAAGCTGCTGATCTACAAGAACAATCAGAGGCCTTCCGGCGTGCCAGACCGGTTCTCTGGCT
CCAAGAGCGGCAACTCTGCCTCCCTGGCTATCTCCGGCCTGCGCAGCGAGGACGAGGCTGATTACTATTG
CGCCGCTTGGGACGATAGCCTGTCTGGCTACGTGTTCGGCAGCGGCACAAAGGTGACCGTGCTGGGACAG
CCAAAGGCTGCTCCTTCTGTGACACTGTTTCCCCCTTCCAGCGAGGAGCTGCAGGCCAATAAGGCCACCC
TGGTGTGCCTGATCAGCGACTTCTATCCTGGAGCTGTGACCGTGGCTTGGAAGGCTGATTCTTCCCCAGT
GAAGGCTGGCGTGGAGACAACAACCCCCAGCARGCAGTCTAACAATAAGTACGCCGCTAGCTCTTATCTG
TCTCTGACCCCAGAGCAGTGGAAGTCCCATAGGTCCTATAGCTGTCANGTCACCCACGAAGGGAGCACAG
TCGAAAAAACCGTCGCACCAACCGAGTGTTCCTGATAAGTTAACTTGTTTATTGCAGCTTATAATGGTTA
CAAATAAAGCAATAGCATCACAAATTTCACAARTAARAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTG
TCCAAACTCATCAATGTATCTTAGATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTAA
ATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACARATGTGTCACAAAGTAAGGAT
TCTGATGTGTATATCACAGACAAAACTGTGCTAGACATGAGGTC
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SEQ ID NO:51
DNA
encodes the 2 polypeptide CD38 DAR precursor joined by 2A sequence

ATGGAGTGGAGCTGGGTGTTTCTGTTCTTCCTCTCCGTCACAACCGGCGTGCATAGCCAGGTGCAGCTGG
TGGAGTCCGGAGGCGGCCTGGTGARACCTGGCGGAT CCCTGAGGCTGTCCTGCGCCGCTAGCGGATTCAC
CTTCAGCGACGACTACATGAGCTGGATCAGGCAGGCTCCCGGAAAGGGCCTGGAGTGGGTCGCTAGCGTG
AGCAATGGCCGGCCCACARACCTACTATGCCGACTCCGTGCGGGGCAGGTTTACCATCTCCAGGGATAACG
CTAAGAACTCCCTGTACCTGCAGATGAACAGCCTGCGGGCCGAAGATACCGCCGTCTACTATTGCGCCAG
GGAGGATTGGGGCGGCGAGTTCACAGACTGGGGAAGGGGCACCCTGGTGACCGTGAGCAGCGCTTCCACC
AAGGGCCCCTCCGTGTTCCCTCTGGCCCCCAGCAGCAAGAGCACATCCGGAGGCACCGCCGCCCTCGGAT
GTCTGGTGAAGGACTACTTCCCCGAGCCTGTCACCGTGTCCTGGAATAGCGGCGCCCTCACCTCCGGCGET
GCACACCTTCCCCGCTGTCCTGCAGTCCTCCGGACTGTACAGCCTGTCCTCCGTCGTGACCGTGCCTAGC
TCCTCCCTCGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCTTCCAACACAAAGGTGGACARAC
GGGTGGAGCCCAAGTCCTGCGACAARACCCACACCARGATAGAGGTGATGTACCCTCCCCCCTACTTGGA
CAACGAAAAGTCTAATGGCACTATCATTCACGTARAGGGCAAACACCTTTGTCCAAGTCCTTTGTTCCCA
GGCCCATCTAAGCCGTTCTGGGTACTCGTGGTTGTGGGGGGCGTGCTCGCTTGTTACTCACTGCTGGTGA
CGGTGGCCTTTATTATTTTCTGGGTTAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATT
TATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGARGGA
GGATGTGAACTGAGGGTAAAATTTAGCAGGTCTGCAGATGCGCCTGCGTATCAACAGGGT CAGAATCAGC
TCTATAATGAGCTGAACCTCGGGCGGCGGEGAAGAGTATGATGTTCTCGATAAANGGAGAGGACGAGACCC
CGAAATGGGCGGCARACCGAGACGCAAARATCCTCAGGAGGGGCTCTACAATGAACTTCAAAAAGACAAR
ATGGCCGAAGCATACTCAGAAATCGGAATGAAAGGGGAGAGGAGACGCGGGAAGGGCCATGATGGACTGT
ATCAGGGACTTTCCACAGCCACCAAGGACACCTATGACGCTCTCCACATGCAGGCCCTGCCCCCTCGCGG
ARGCGGAGAGGGCAGAGGAAGTCTGCTAACAT GCGGTGACGTCGAGGAGAATCCTGGACCTATGTCCGTC
CCTACCCAGGTGCTGGGCCTGCTGCTGCTGTGGCTGACCGATGCTAGATGCCAGTCCGTTCTGACCCAGC
CTCCTTCCGCCTCTGGCACATCCGGCCAGAGAGTGACCATCTCCTGCAGCGGCTCCAGCTCTARCATCGG
CATCAATTTCGTGTACTGGTATCAGCACCTGCCAGGCACAGCTCCCAAGCTGCTGATCTACAAGAACAAT
CAGAGGCCTTCCGGCGTGCCAGACCGGTTCTCTGGCTCCARAGAGCGGCAACTCTGCCTCCCTGGCTATCT
CCGGCCTGCGCAGCGAGGACGAGGCTGATTACTATTGCGCCGCTTGGGACGATAGCCTGTCTGGCTACGT
GTTCGGCAGCGGCACAAAGGTGACCGTGCTGGGACAGCCAAAGGCTGCTCCTTCTGTGACACTGTTTCCC
CCTTCCAGCGAGGAGCTGCAGGCCAATAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTATCCTGGAG
CTGTGACCGTGGCTTGGAAGGCTGATTCTTCCCCAGTGAAGGCTGGCGTGGAGACAACAACCCCCAGCAA
GCAGTCTAACAATAAGTACGCCGCTAGCTCTTATCTGTCTCTGACCCCAGAGCAGTGGAAGTCCCATAGG
TCCTATAGCTGTCAGGTCACCCACGAAGGGAGCACAGTCGAAAAAACCGTCGCACCAACCGAGTGTTCC

SEQ ID NO:52
Protein
2 polypeptide CD38 DAR precursor joined by 2A sequence

MEWSWVEFLEFEFLSVITGVHSQVQLVESGGGLVKPGGSLRLSCAASGETFSDDYMSWIRQAPGKGLEWVASY
SNGRPTTYYADSVRGRETISRDNAKNSLYLOMNSLRAEDTAVYYCAREDWGGEEFTDWGRGTLVTVSSAST
KGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT SGVHTEFPAVLOSSGLY SLSSVVIVPS
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SSLGTQTY ICNVNHKPSNTKVDKRVEPKSCDKTHTKIEVMYPPPYLDNEKSNGT ITHVKGKHLCPSPLEP
GPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLYTFKQPFMRPVQTTQEEDGCSCRFPEEEEG
GCELRVKEFSRSADAPAYQOGONOLYNELNLGRREEY DVLDKRRGRDPEMGGKPRRKNPOEGLYNELQKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGSGEGRGSLLTCGDVEENPGPMSV
PTOVLGLLLLWLTDARCQSVLTQPPSASGTSGQRVTISCSGSSSNIGINFVYWYQHLPGTAPKLLIYKNN
QRPSGVPDREFSGSKSGNSASLAISGLRSEDEADYYCAAWDDSLSGYVEGSGTKVIVLGQPKAAPSVTLEP
PSSEELOANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHR
SYSCQVTHEGSTVEKTVAPTECS

SEQ ID NO:53
Protein
Amino acid sequence of first CD38 DAR polypeptide (transmembrane polypeptide)

QVQLVESGGGLVKPGGSLRLSCAASGIFTEFSDDYMSWIRQAPGKGLEWVASVSNGRPTTYYADSVRGRET I
SRDNAKNSLYLOMNSLRAEDTAVYYCAREDWGGEFTDWGRGTLVTVSSASTKGPSVEFPLAPSSKSTSGGT
AATGCLVKDY FPEPVTVSWNSGALTSGVHTEFPAVLOSSGLY SLSSVVTVPSSSLGTQTY ICNVNHKPSNT
KVDKRVEPKSCDKTHTKIEVMYPPPYLDNEKSNGTITHVKGKHLCPSPLEFPGPSKPFWVLVVVGGVLACY
SLLVTVAFITEFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRVKESRSADAPAYQQ
GONQLYNEILNLGRREEYDVLDKRRGRDPEMGGKPRREKNPQEGLYNELQKDKMAEAY SETGMKGERRRGKG
HDGLYQGLSTATKDTYDALHMOALPPR

SEQ ID NO:54
Protein
Amino acid sequence of second CD38 DAR polypeptide

QSVLTOPPSASGTSGORVTISCSGSSSNIGINFVYWYQHLPGTAPKLLIYKNNQRPSGVPDRESGSKSGN
SASLAISGLRSEDEADYYCAAWDDSLSGYVEGSGTKVTVLGQPKAAPSVTILFPPSSEELQANKATLVCLT
SDEFYPGAVTVAWKADS SPVKAGVETTTPSKOSNNKYAASSYLSLTPEQWKSHRSYSCOQVTHEGSTVEKTV
APTECS
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CLAIMS

What is claimed is:

. A population of cells comprising a plurality of T cells comprising a DNA construct

encoding at least one polypeptide, wherein the DNA construct is inserted into the TRAC
gene, wherein at least 10% of the cells of the population express the polypeptide encoded
by the DNA construct and do not express the T cell receptor, further wherein the
frequency of mutation at the highest frequency non-target site in the cells of the
population is less than 20% of the frequency of mutation at the target site.

. The cell population of claim 1, wherein the frequency of mutation at the highest

frequency non-target site in the cells of the population is less than 15% of the frequency
of mutation at the target site.

. The cell population of claim 1, wherein the frequency of mutation at the highest

frequency non-target site in the cells of the population is less than 10% of the frequency
of mutation at the target site.

. The cell population of claim 1, wherein the sum of the frequency of mutation at all non-

target sites occurring at a frequency of 0.1% or greater relative to the frequency of
mutation at the target site is less than 25%.

. The cell population of claim 1, wherein the frequency of mutation at all non-target sites is

less than 20%.

. The cell population of claim 1, wherein none of the detected non-target sites is in the

protein-encoding portion of a gene.

. The cell population of claim 1, wherein the cells are human T cells.

. The cell population of claim 1, wherein the cells are primary T cells.
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10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The cell population of claim 1, wherein the target site comprises SEQ ID NO:1.

The cell population of claim 1, wherein the DNA construct includes a promoter operably
linked to the protein-encoding sequence of the construct.

The cell population of claim 1, wherein the DNA construct encodes an immunological
molecule or a receptor.

The cell population of claim 1, wherein the DNA construct encodes an engineered
receptor.

The cell population of claim 1, wherein the DNA construct encodes a chimeric antigen

receptor (CAR), a dimeric antigen receptor (DAR), a T Cell Receptor Fusion Construct
(TFP), or an antibody-TCR chimeric molecule (abTCR).

The cell population of claim 12, wherein the DNA construct encodes a CD38 DAR.
The cell population of claim 13, wherein the DNA construct encodes a CD38 DAR
precursor comprising a sequence having at least 95% identity to SEQ ID NO:52.

The cell population of claim 14, wherein the DNA construct encodes a CD38 DAR
precursor comprising SEQ ID NO:52.

The cell population of any of claims 1-16, wherein at least 95% of the population does

not express a T cell receptor.

A method of producing a population of T cells for the treatment of a disease, wherein the
cells are transfected with a Cas9 protein or a nucleic acid molecule encoding a Cas9
protein, a guide RNA that targets the target site of SEQ ID NO:1, and a double-stranded
donor DNA fragment the encodes a recombinant receptor.

A method according to claim 18, wherein the double-stranded donor DNA fragment is
chemically modified.

A method according to claim 18, wherein the guide RNA 1s a crRNA and the cells are
transfected with a Cas9 protein or a nucleic acid molecule encoding a Cas9 protein, a
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crRNA that targets the target site of SEQ ID NO:1, a tracrRNA, and a donor fragment the
encodes a recombinant receptor.

21. A method according to any of claims 18-20, wherein the cells are transfected with a Cas
9 protein.

22. A method according to claim 21, wherein the cells are transfected with an RNP
comprising the Cas 9 protein.

23. A method according to any of claims 18-22, further comprising removing CD3 positive

cells from the population.

24. A method of treating a patient having cancer, comprising delivering to the patient a
composition comprising any of the cell populations of claims 1-17.
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"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

15 November 2021 25/11/2021

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,
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example 10

WO 2019/178225 A2 (UNIV MINNESOTA [US])

19 September 2019 (2019-09-19)
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D on paper or in the form of an image file.
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3. Additional comments:

a. D forming part of the international application as filed:

in the form of an Annex C/ST.25 text file (Rule 13fer.1(a)).

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

b. D furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search

c. furnished subsequent to the international filing date for the purposes of international search only:

oh paper or in the form of an image file (Rule 13#er.1(b) and Administrative Instructions, Section 713).
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