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COMPOSITIONS AND METHODS FOR REDUCING HLA-A IN A CELL

[0001] This application claims the benefit under 35 U.S.C. 119(e) of US Provisional
Application No. 63/130,095, filed December 23, 2020, US Provisional Application No.
63/250,996, filed September 30, 2021, US Provisional Application No. 63/254.970, filed
October 12, 2021, and US Provisional Application No. 63/288,492, filed December 10, 2021 ;
each of which disclosures 1s herein incorporated by reference 1n 1ts entirety.

0002 ] This application 1s filed with a Sequence Listing in electronic format. The
Sequence Listing 1s provided as a file entitled *2021-12-20 01155-0036-
O0PCT Seq List ST25.txt” created on December 20, 2021, which 1s 320,511 bytes 1n size.
The information 1n the electronic format of the sequence listing 1s incorporated herein by

reference 1n 1ts entirety.

I. INTRODUCTION AND SUMMARY

|0003] The ability to downregulate MHC class 1 1s critical for many in vivo and ex vivo
utilities, e.g., when using allogeneic cells (originating from a donor) for transplantation
and/or e.g.. for creating a cell population 1n vitro that does not activate T cells. In particular,
the transfer of allogeneic cells into a subject 1s of great interest to the field of cell therapy.
The use of allogeneic cells has been limited due to the problem of rejection by the recipient
subject’s immune cells, which recognize the transplanted cells as foreign and mount an
attack. To avoid the problem of immune rejection, cell-based therapies have focused on
autologous approaches that use a subject’s own cells as the cell source for therapy, an
approach that 1s time-consuming and costly.

[0004] Typically, immune rejection of allogeneic cells results from a mismatching of
major histocompatibility complex (MHC) molecules between the donor and recipient. Within
the human population, MHC molecules exist in various forms, including e.g.., numerous
genetic varniants of any given MHC gene, 1.e., alleles, encoding different forms of MHC
protein. The primary classes of MHC molecules are referred to as MHC class I and MHC
class II. MHC class I molecules (e.g., HLA-A, HLA-B, and HLA-C 1in humans) are expressed
on all nucleated cells and present antigens to activate cytotoxic T cells (CD8+ T cells or
CTLs). MHC class II molecules (e.g., HLA-DP, HLA-DQ., and HLA-DR 1n humans) are
expressed on only certain cell types (e.g., B cells, dendritic cells, and macrophages) and
present antigens to activate helper T cells (CD4+ T cells or Th cells), which in turn provide

signals to B cells to produce antibodies.
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[0003] Slight differences, e.g., mismatches in MHC alleles between individuals can cause
the T cells 1n a recipient to become activated. During T cell development, an individual’s T
cell repertoire 1s tolerized to one’s own MHC molecules, but T cells that recognize another
individual’s MHC molecules may persist in circulation and are referred to as alloreactive T
cells. Alloreactive T cells can become activated e.g., by the presence of another individual’s
cells expressing MHC molecules in the body, causing e.g., graft versus host disease and
transplant rejection.

|0006] While fully matching HLA types between donor and recipient 1s theoretically
possible as a means of reducing transplant rejection, such an approach 1s logistically and
practically challenging given the diversity of HLA alleles across the population to fully
match e.g.. 10 out 10 alleles (i.e., 2 alleles for each of HLA-A, HLA-B, HLA-C, HLA-DRBI,
and HLA-DQB1).

[0007] Methods and compositions for reducing the susceptibility of an allogeneic cell to
rejection are of interest, including e.g., reducing the cell’s expression of MHC protein to
avold recipient T cell responses. In practice, the ability to genetically modify an allogeneic
cell for transplantation into a subject has been hampered by the requirement for multiple gene
edits to reduce all MHC protein expression, while at the same time, avoiding other harmful
recipient immune responses. For example, while strategies to deplete MHC class 1 protein
may reduce activation of CTLs, cells that lack MHC class I on their surface are susceptible to
lysis by natural killer (NK) cells of the immune system because NK cell activation 1s
regulated by MHC class I-specific inhibitory receptors. Therefore, safely reducing or
eliminating expression of MHC class I has proven challenging.

[0008] Gene editing strategies to deplete MHC class II molecules have also proven
difficult particularly 1 certain cell types for reasons including low editing efficiencies and
low cell survival rates, preventing practical application as a cell therapy.

[0009] Thus, there exists a need for improved methods and compositions for modifying
allogeneic cells to overcome the problem of recipient immune rejection and the technical
difficulties associated with the multiple genetic modifications required to produce a safer cell
for transplant.

[0010] The present disclosure provides engineered human cells with reduced or
eliminated surface expression of HLA-A relative to an unmodified cell, wherein the cell 1s
homozygous for HLA-B and homozygous for HLA-C. The engineered human cells disclosed
herein therefore provide a “partial matching™ approach to the problem of allogeneic cell

transfer and MHC class I compatibility. The use of cells that are homozygous for HLA-B and
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HLA-C, 1n addition to reducing or eliminating expression of HLA-A 1n the cells, limits the
number of donors that are necessary to provide a therapy that covers a majority of recipients
in population because the disclosed partial matching approach requires only one matching
HLA-B allele (as opposed to two) and only one HLA-C allele (as opposed to two).
Surprisingly, the engineered human cells that have reduced or eliminated surface expression
of HLA-A relative to an unmodified cell, disclosed herein, demonstrate persistence and are
protective against NK-mediated rejection, especially as compared to engineered cells with
reduced or eliminated B2M expression. The disclosure provides methods and compositions
for generating such engineered human cells with reduced or eliminated surface expression of
HLA-A relative to an unmodified cell, wherein the cell 1s homozygous for HLA-B and
homozygous for HLA-C. In some embodiments, the disclosure provides engineered human
cells, and methods and compositions for generating engineered human cells, wherein the cell
further has reduced expression of MHC class II protein on the surface of the cell, e.g..
wherein the cell has a genetic modification 1n the CIITA gene. In some embodiments, the
disclosure provides for further engineering of the cell, including to reduce or eliminate the
expression of endogenous T cell receptor proteins (e.g., TRAC, TRBC), and to introduce an
exogenous nucleic acid, e.g., encoding a polypeptide expressed on the cell surface or a
polypeptide that 1s secreted by the cell. Thus, the disclosure thus provides a flexible platform
for genetically engineering human cells for a variety of desired adoptive cell therapy
purposes.

[0011] Provided herein 1s an engineered human cell, which has reduced or eliminated
surface expression of HLA-A relative to an unmodified cell, comprising a genetic
modification in the HLA-A gene, wherein the cell 1s homozygous for HLA-B and
homozygous for HLA-C. Also provided 1s an engineered human cell, which has reduced or
eliminated surface expression of HLA-A relative to an unmodified cell, comprising a genetic
modification in the HLA-A gene, wherein the genetic modification comprises at least one
nucleotide within the genomic coordinates chosen from: chr6:29942854-chr6:29942913 and
chr6:29943518-chr6: 29943619, wherein the cell 1s homozygous for HLA-B and
homozygous for HLA-C.

|0012] Provided herein 1s an engineered human cell, which has reduced or eliminated surface
expression of HLA-A relative to an unmodified cell, comprising a genetic modification in the
HLA-A gene, wherein the genetic modification comprises at least one nucleotide within the
genomic coordinates chosen from: chr6:29942864-29942884; chr6:29942868-29942888;
chr6:29942876-29942896; chr6:29942877-29942897 chr6:29942883-29942903;
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chr6:29943126-29943146; chr6:29943528-29943548; chr6:29943529-29943549;
chr6:29943530-29943550; chr6:29943537-29943557; chr6:29943549-29943569;
chr6:29943589-29943609; and chr6:29944026-29944046.

|0013] Provided herein 1s an engineered human cell, which has reduced or eliminated surface
expression of HLA-A relative to an unmodified cell, comprising a genetic modification 1n an
HLA-A gene, wherein the genetic modification comprises an indel, a C to T substitution, or
an A to G substitution within the genomic coordinates chosen from: chr6:29942864-
29942884 ; chr6:29942868-29942888; chr6:29942876-29942896; chr6:29942877-29942897;
chr6:29942883-29942903; chr6:29943126-29943146; chr6:29943528-29943548;
chr6:29943529-29943549; chr6:29943530-29943550; chr6:29943537-29943557;
chr6:29943549-29943569; chr6:29943589-29943609; and chr6:29944026-29944046.

|0014| Provided herein 1s a method of making an engineered human cell, which has reduced
or eliminated surface expression of HLA-A protein relative to an unmodified cell, wherein
the cell 1s homozygous for HLA-B and homozygous for HLA-C, comprising contacting a cell
with composition comprising: (a) an HLA-A guide RNA comprising (1) a guide sequence
selected from SEQ ID NOs: 1-211; or (11) at least 17, 18, 19, or 20 contiguous nucleotides of
a sequence selected from SEQ ID NOs: 1-211; or (111) a guide sequence at least 95%, 90%, or
85% 1dentical to a sequence selected from SEQ ID NOs: 1-211; or (1v) a guide sequence that
binds a target site comprising a genomic region listed in Tables 2-5; or (v) a guide sequence
that 1s complementary to at least 17, 18, 19, or 20 contiguous nucleotides of a genomic region
listed in Tables 1-2 and 5, or a guide sequence that 1s complementary to at least 17, 18, 19,
20, 21, 22, 23, or 24 contiguous nucleotides of a genomic region listed in Table 4; or (v1) a
ouide sequence that 1s at least 95%, 90%, or 85% 1dentical to a sequence selected from (v);
and optionally (b) an RNA-guided DNA binding agent or a nucleic acid encoding an RNA-
ouided DNA binding agent.

|0015] Provided herein 1s a method of reducing surface expression of HLA-A protein 1in a
human cell relative to an unmodified cell, comprising contacting a cell with composition
comprising: (a) an HLA-A guide RNA comprising (1) a guide sequence selected from SEQ
ID NOs: 1-211; or (1) at least 17, 18, 19, or 20 contiguous nucleotides of a sequence selected
from SEQ ID NOs: 1-211; or (111) a guide sequence at least 95%, 90%, or 85% 1dentical to a
sequence selected from SEQ ID NOs: 1-211; or (1v) a guide sequence that binds a target site
comprising a genomic region listed in Tables 2-5; or (v) a guide sequence that 1s
complementary to at least 17, 18, 19, or 20 contiguous nucleotides of a genomic region listed

in Tables 1-2 and 5, or a guide sequence that 1s complementary to at least 17, 18, 19, 20, 21,
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22, 23, or 24 contiguous nucleotides of a genomic region listed in Table 4; or (v1) a guide
sequence that 1s at least 95%, 90%, or 85% 1dentical to a sequence selected from (v); and
optionally (b) an RNA-guided DNA binding agent or a nucleic acid encoding an RNA-guided
DNA binding agent.

|0016] Provided herein 1s a method of administering an engineered cell to a recipient subject
in need thereof, the method comprising: (a) determining the HLA-B and HLA-C alleles of the
recipient subject; (b) selecting an engineered cell or cell population of any one of the
preceding embodiments, or engineered cell or cell population produced by the method of any
one of the preceding embodiments, wherein the engineered cell comprises at least one of the
same HLA-B or HLA-C alleles as the recipient subject; (¢) administering the selected
engineered cell to the recipient subject.

|0017] Further embodiments are provided throughout and described in the claims and

Figures.

1. BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIGS. 1A and 1B show the percentage of activated T cells negative for HLA-A2
by flow cytometry. FIG. 1A shows data for guides (GO18997, GO18998, GO18999, GO19000,
G019008, GO13006). FIG. 1B shows data for guides (GO18091, GO018933, GO18935,
G018954, GO18995, G0O18996).

[0019] FIG. 2 shows resistance to NK-cell mediated killing of HLA-A knockout (HLA-
B/C match) T cells versus B2M knockout T cells, optionally including an exogenous HLA-E
construct, as percent T cell lysis. HLA-A knockout, HLA-A, CIITA double knockout, B2M
knockout, B2ZM + HLA-E, and wild type cells are compared.

[0020] FIGS. 3A-F show results for sequential editing in CD8+ T cells. FIG. 3A shows
the percentage of HLA-A positive cells. FIG. 3B shows the percentage of MHC class 11
positive cells. FIG. 3C shows the percentage of WT1 TCR positive CD3+, Vb8+ cells. FIG.
3D shows the percentage cells displaying mis-paired TCRs. FIG. 3E shows the percentage of
CD3+, vb8- cells displaying only endogenous TCRs. FIG. 3F shows the percentage of CD3+,
Vb8+, positive for the WT1 TCR and negative for HLA-A and MHC class II.

[0021] FIGS. 4A-F show results for sequential editing in CD4+ T cells. FIG. 4A shows
the percentage of HLA-A positive cells. FIG. 4B shows the percentage of MHC class 11
positive cells. FIG. 4C shows the percentage of WT1 TCR positive CD3+, Vb8+ cells. FIG.
4D shows the percentage of cells displaying mis-paired TCRs. FIG. 4E shows the percentage
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of CD3+, vb8- cells displaying only endogenous TCRs. FIG. 4F shows the percentage of
CD3+, Vb8+, positive for the WT1 TCR and negative for HLA-A and MHC class II.

[0022] FIGS. 5A-D show the percent indels following sequential editing of T cells for
CIITA (FIG. 5A), HLA-A (FIG. 5B), TRBC1 (FIG. 5C), and TRBC2 (FIG. 5D) in T cells.
[0023] FIGS. 6 A-B show luciferase expression from B2M, CIITA, HLA-A, or double
(HLA-A, CIITA) knockout human T cells administered to mice inoculated with human
natural killer cells. FIG. 6A shows radiance (photons/s/cm2/sr) from luciferase expressing T
cells present at the various time points after injection. FIG. 6B shows radiance
(photons/s/cm2/sr) from luciferase expressing T cells present in the various mice groups on
Day 27.

[0024] FIGS. 7A-B show luciferase expression from B2M and AlloWT1 knockout
human T cells administered to mice inoculated with human natural killer cells. FIG. 7A
shows total flux (p/s) from luciferase expressing T cells present at the various time points
after injection. FIG. 7B shows total flux (p/s)from luciferase expressing T cells present in the
various mice groups after 31 days.

[0025] FIGS. 8A-B show the percent normalized proliferation of host CD4 (FIG. 8A) or
host CD8 (FIG. 8B) T cells triggered by HLA class I + HLA class II double knockout or
HLA-A and HLA class II double knockout engineered autologous or allogeneic T cells.
[0026] FIGS. 9A-F shows a panel of percent CD8+ (FIG. 9A), endogenous TCR+ (FIG.
9B), WT1 TCR+ (FIG. 9C), HLA-A2 knockout (FIG. 9D), HLA-DRDPDQ knockout (FIG.
9E), and % Allo WT1 (FIG. 9F).

[0027] FIG. 10 shows total flux (p/s) from luciferase expressing T cells present at the
various time points after injection out to 18 days.

[0028] FIGS. 11A-11B respectively show release of IFN-y and IL-2 in superatants from
a killing assay containing a co-culture of engineered T cells from the Allo-WT1, Auto-WTTI,
TCR KO, and Wildtype (WT) groups with target tumor cells.

[0029] FIGS. 12A-12B show CIITA, HLA-A, TRAC, and TRBC editing and WT1 TCR
insertion rates i CD8+ T cells in three conditions. The percentage of cells expressing
relevant cell surface proteins following sequential T cell engineering are shown in FIG. 12A
for CD8+ T cells. The percent of T cells with all intended edits (insertion of the WT1-TCR,
combined with knockout of HLA-A and CIITA) 1s shown 1n FIG 12B.

[0030] FIG. 13 shows the percent lysis of T cells targeted by NK cells at different
effector:target (E:T) ratios treated with sgRNA and base editor and UGI mRNAs.
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[0031] FIG. 14 shows the mean percentage of CD8+ T cells that are negative for HLA-A
surface receptors following treatment with sSgRNAs 1in the 100-mer or 91-mer formats
targeting HLA-A.

[0032] FIGS. 15A-15C respectively show HLA-A gene editing correlation to protein
knockout in Donors A-C.

III. DETAILED DESCRIPTION

[0033] The present disclosure provides engineered human cells, as well as methods and
compositions for genetically modifying a human cell to make engineered human cells that are
useful, for example, for adoptive cell transfer (ACT) therapies. The disclosure provides
engineered human cells with reduced or eliminated surface expression of HLA-A relative to
an unmodified cell, wherein the cell 1s homozygous for HLA-B and homozygous for HLA-C.
Thus, the engineered human cells disclosed herein provide a “partial matching” solution to
hurdles associated with allogeneic cell transfer.

[0034] In some embodiments, the disclosure provides engineered human cells with
reduced or eliminated surface expression of HLA-A as a result of a genetic modification 1n
the HLA-A gene, wherein the cell 1s homozygous for HLA-B and homozygous for HLA-C.
In some embodiments, the disclosure provides compositions and methods for reducing or
eliminating expression of HLA-A protein relative to an unmodified cell and compositions and
methods to reduce the cell’s susceptibility to immune rejection. In some embodiments, the
engineered human cells with reduced or eliminated surface expression of HLA-A relative to
an unmodified cell are not susceptible to lysis by NK cells, a problem observed with other
approaches that reduce or eliminate MHC class I protein expression. In some embodiments,
the methods and compositions comprise reducing or eliminating surface expression of HLA-
A protein by genetically modiftying HLA-A with a gene editing system, and inserting an
exogenous nucleic acid encoding a targeting receptor, or other polypeptide (expressed on the
cell surface or secreted) into the cell by genetic modification. The engineered cell
compositions produced by the methods disclosed herein have desirable properties, including
e.g., reduced expression of HLA-A, reduced immunogenicity in vitro and in vivo, increased
survival, and increased genetic compatibility with greater subjects for transplant.

[0035] The term “about™ or “approximately” means an acceptable error for a particular
value as determined by one of ordinary skill in the art, which depends in part on how the
value 1s measured or determuned, or a degree of vanation that does not substantially affect the

properties of the described subject matter, or within the tolerances accepted i1n the art, e.g.,
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within 10%, 5%, 2%, or 1%. Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and attached claims are approximations
that may vary depending upon the desired properties sought to be obtained. At the very least,
and not as an attempt to limit the application of the doctrine of equivalents to the scope of the
claams, each numerical parameter should at least be construed i1n light of the number of

reported significant digits and by applying ordinary rounding techniques.

A. Definitions

[0036] Unless stated otherwise, the following terms and phrases as used herein are
intended to have the following meanings:

[0037] The term “or combinations thereof” as used herein refers to all permutations and
combinations of the listed terms preceding the term. For example, “A. B, C, or combinations
thereof™ 1s intended to include at least one of: A, B, C., AB, AC. BC, or ABC, and 1f order 1s
important 1n a particular context, also BA, CA, CB, ACB, CBA, BCA, BAC, or CAB.
Continuing with this example, expressly included are combinations that contain repeats of
one or more 1tem or term, such as BB, AAA, AAB, BBC, CBBA, CABA, and so forth. The
skilled artisan will understand that typically there 1s no limit on the number of 1items or terms
In any combination, unless otherwise apparent from the context.

[0038] As used herein, the term “kit” refers to a packaged set of related components, such
as one or more polynucleotides or compositions and one or more related materials such as
delivery devices (e.g.. syringes), solvents, solutions, buffers, instructions, or desiccants.
|0039] An “allogeneic” cell, as used herein, refers to a cell originating from a donor
subject of the same species as a recipient subject, wherein the donor subject and recipient
subject have genetic disstmilarity, e.g., genes at one or more loci that are not 1dentical. Thus,
e.g., a cell 1s allogeneic with respect to the subject to be administered the cell. As used herein,
a cell that 1s removed or 1solated from a donor, that will not be re-introduced 1nto the original
donor, 1s considered an allogeneic cell.

[0040] An “autologous™ cell, as used herein, refers to a cell derived from the same subject
to whom the material will later be re-introduced. Thus, e.g., a cell 1s considered autologous 1f
1t 1s removed from a subject and 1t will then be re-introduced 1into the same subject.

[0041] “B2M™ or “B2M.,” as used herein, refers to nucleic acid sequence or protein

sequence of “B-2 microglobulin™; the human gene has accession number NC 000015 (range

44711492..44718877), reference GRCh38.p13. The B2M protein 1s associated with MHC
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class I molecules as a heterodimer on the surface of nucleated cells and 1s required for MHC

class I protein expression.

[0042] “CIHTA” or “CIHITA” or “C2TA.,” as used herein, refers to the nucleic acid

2

sequence or protein sequence ol “class II major histocompatibility complex transactivator;’
the human gene has accession number NC 000016.10 (range 10866208..10941562),
reference GRCh38.p13. The CIITA protein in the nucleus acts as a positive regulator of MHC
class Il gene transcription and 1s required for MHC class II protein expression.

[0043] As used herein, “MHC” or “MHC molecule(s)” or “MHC protein” or “MHC
complex(es),” refers to a major histocompatibility complex molecule (or plural), and includes
e.g., MHC class I and MHC class II molecules. In humans, MHC molecules are referred to as
“human leukocyte antigen” complexes or “HLA molecules” or “HLA protein.” The use of
terms “MHC™ and “HLA™ are not meant to be limiting; as used herein, the term “MHC” may
be used to refer to human MHC molecules, i.e., HLA molecules. Therefore, the terms
“MHC™ and “"HLA” are used interchangeably herein.

[0044] The term “"HLA-A.” as used herein 1n the context of HLA-A protein, refers to the
MHC class I protein molecule, which 1s a heterodimer consisting of a heavy chain (encoded
by the HLA-A gene) and a light chain (i.e., beta-2 microglobulin). The term “HLA-A" or
“HLA-A gene,” as used herein 1n the context of nucleic acids refers to the gene encoding the
heavy chain of the HLA-A protein molecule. The HLA-A gene 1s also referred to as “HLA

2%

class I histocompatibility, A alpha chain;” the human gene has accession number
NC 000006.12 (29942532..29945870). The HLA-A gene 1s known to have thousands of
different genotypic versions of the HLA-A gene across the population (and an individual may
recerve two different alleles of the HLA-A gene). A public database for HLA-A alleles,
including  sequence  information, may be accessed at IPD-IMGT/HLA.
www.ebl.ac.uk/ipd/imgt/hla/. All alleles of HLA-A are encompassed by the terms “HLA-A"
and “HLA-A gene.”

[0045] “HLA-B” as used herein in the context of nucleic acids refers to the gene
encoding the heavy chain of the HLA-B protein molecule. The HLA-B 1s also referred to as
“HLA class I histocompatibility, B alpha chain;” the human gene has accession number
NC 000006.12 (31353875..31357179).

[0046] “HLA-C” as used herein in the context of nucleic acids refers to the gene
encoding the heavy chain of the HLA-C protein molecule. The HLA-C 1s also referred to as

“HLA class I histocompatibility, C alpha chain;” the human gene has accession number

NC 000006.12 (31268749..31272092).
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[0047] As used herein, the term “within the genomic coordinates™ includes the
boundaries of the genomic coordinate range given. For example, if chr6:29942854-
chr6:29942913 1s given, the coordinates chr6:29942854- chr6:29942913 are encompassed.
Throughout this application, the referenced genomic coordinates are based on genomic
annotations 1n the GRCh38 (also referred to as hg38) assembly of the human genome from
the Genome Reference Consortium, available at the National Center for Biotechnology
Information website. Tools and methods for converting genomic coordinates between one
assembly and another are known in the art and can be used to convert the genomic
coordinates provided herein to the corresponding coordinates in another assembly of the
human genome, including conversion to an earlier assembly generated by the same institution
or using the same algorithm (e.g., from GRCh38 to GRCh37), and conversion of an assembly
ogenerated by a different institution or algorithm (e.g., from GRCh38 to NCBI33, generated
by the International Human Genome Sequencing Consortium). Available methods and tools
known 1n the art include, but are not limited to, NCBI Genome Remapping Service, available
at the National Center for Biotechnology Information website, UCSC LiftOver, available at
the UCSC Genome Brower website, and Assembly Converter, available at the Ensembl.org
website.

[0048] As used herein, the term “homozygous™ refers to having two 1dentical alleles of a
particular gene.

[0049] As used herein, an HL A “allele” can refer to a named HLA-A, HLA-B, or HLA-C
gene wherein the first four digits (or the first two sets of digits separated by a colon, e.g..
HLA-A*02:101:01:02N where the first two sets of digits are bolded and in 1talics) of the
name following “HLA-A”, HLA-B”, or “HLA-C” are specified. As known 1n the art, the
first four digits (or first two sets of digits separated by a colon) specify the protein of the
allele. For example, HLA-A*02:01 and HLA-A*01:02 are distinct HLA-A alleles. Further
genotypes of each allele exist, such as, e.g., HLA-A*02:01:02:01. Further genotypes of a
oiven allele are considered to be i1dentical alleles, e.g., HLA-A*02:01:02:01 and HLA-
A*02:01 are i1dentical alleles. Thus, HLA alleles are homozygous when the alleles are
1dentical (1.e., when the alleles have the same first four digits or same first two sets of digits
separated by a colon).

[0050] “Matching” or “matched” refers to shared alleles between the donor and the
recipient, e.g.. 1dentical alleles.

[0051] “Polynucleotide” and “nucleic acid” are used herein to refer to a multimeric

compound comprising nucleosides or nucleoside analogs which have nitrogenous
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heterocyclic bases or base analogs linked together along a backbone, including conventional
RNA, DNA, mixed RNA-DNA, and polymers that are analogs thereof. A nucleic acid
“backbone™ can be made up of a variety of linkages, including one or more of sugar-
phosphodiester linkages, peptide-nucleic acid bonds (“peptide nucleic acids™ or PNA; PCT
No. WO 95/32305), phosphorothioate linkages, methylphosphonate linkages, or
combinations thereof. Sugar moieties of a nucleic acid can be ribose, deoxyribose, or stmilar
compounds with substitutions, e.g.., 2° methoxy or 2° halide substitutions. Nitrogenous bases
can be conventional bases (A, G, C, T, U), analogs thereof (e.g., modified uridines such as 5-
methoxyuridine, pseudouridine, or N1-methylpseudouridine, or others); inosine; derivatives
of purines or pyrimidines (e.g., N*-methyl deoxyguanosine, deaza- or aza-purines, deaza- or
aza-pyrimidines, pyrimidine bases with substituent groups at the 5 or 6 position (e.g., 5-
methylcytosine), purine bases with a substituent at the 2, 6, or 8 positions, 2-amino-6-
methylaminopurine, O°-methylguanine, 4-thio-pyrimidines, 4-amino-pyrimidines, 4-
dimethylhydrazine-pyrimidines, and O*-alkyl-pyrimidines; US Pat. No. 5,378.825 and PCT
No. WO 93/13121). For general discussion see The Biochemistry of the Nucleic Acids 5-36,
Adams et al., ed., 11" ed., 1992). Nucleic acids can include one or more “abasic” residues
where the backbone includes no nitrogenous base for position(s) of the polymer (US Pat. No.
5,585.481). A nucleic acid can comprise only conventional RNA or DNA sugars, bases and
linkages. or can include both conventional components and substitutions (e.g., conventional
bases with 2° methoxy linkages, or polymers containing both conventional bases and one or
more base analogs). Nucleic acid includes “locked nucleic acid” (LNA), an analogue
containing one or more LNA nucleotide monomers with a bicyclic furanose unit locked 1in an
RNA mimicking sugar conformation, which enhance hybndization affinity toward
complementary RNA and DNA sequences (Vester and Wengel, 2004, Biochemistry
43(42):13233-41). RNA and DNA have different sugar moieties and can differ by the
presence of uracil or analogs thereof in RNA and thymine or analogs thereof in DNA.

[0052] “Guide RNA”, “gRNA”, and simply “guide” are used herein interchangeably to
refer to, for example, the guide that directs an RNA-guided DNA binding agent to a target
DNA and can be a single guide RNA, or the combination of a crRNA and a trRNA (also
known as tracrRNA). Exemplary gRNAs include Class II Cas nuclease guide RNAs, 1n
modified or unmodified forms. The crRNA and trRNA may be associated as a single RNA
molecule (single guide RNA, sgRNA) or in two separate RNA strands (dual guide RNA,
dgRNA). “Guide RNA” or “gRNA™ refers to each type. The trRNA may be a naturally
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occurring sequence, or a trRNA sequence with modifications or variations compared to
naturally-occurring sequences.

[0053] As used herein, a “guide sequence” refers to a sequence within a guide RNA that
1s complementary to a target sequence and functions to direct a guide RNA to a target
sequence for binding or modification (e.g., cleavage) by an RNA-guided DNA binding agent.
A “guide sequence” may also be referred to as a “targeting sequence,” or a “‘spacer
sequence.” A guide sequence can be 20 base pairs 1n length, e.g.. 1in the case of Streptococcus
pyogenes (i.e., Spy Cas9 (SpCas9)) and related Cas9 homologs/orthologs. Shorter or longer
sequences can also be used as guides, e.g.., 15-, 16-, 17-, 18-, 19-, 21-, 22-, 23-, 24-, or 25-
nucleotides 1n length. In some embodiments, the target sequence 1S 1In a gene or on a
chromosome, for example, and 1s complementary to the gude sequence. In some
embodiments, the degree of complementarity or 1dentity between a guide sequence and 1ts
corresponding target sequence may be about 75%, 80%, 85%, 90%, 95%., 96%., 97%., 98%.
99%. or 100%. In some embodiments, the guide sequence and the target region may be 100%
complementary or identical. In other embodiments, the guide sequence and the target region
may contain at least one mismatch. For example, the guide sequence and the target sequence
may contain 1, 2, 3, or 4 mismatches, where the total length of the target sequence 1s at least
17, 18, 19, 20 or more base pairs. In some embodiments, the guide sequence and the target
region may contain 1-4 mismatches where the guide sequence comprises at least 17, 18, 19,
20 or more nucleotides. In some embodiments, the guide sequence and the target region may
contain 1, 2, 3, or 4 mismatches where the guide sequence comprises 20 nucleotides.

[0054] Target sequences for RNA-guided DNA binding agents include both the positive
and negative strands of genomic DNA (i.e., the sequence given and the sequence’s reverse
compliment), as a nucleic acid substrate for an RNA-guided DNA binding agent 1s a double
stranded nucleic acid. Accordingly, where a guide sequence 1s said to be “complementary to a
target sequence”, 1t 1s to be understood that the guide sequence may direct a guide RNA to
bind to the reverse complement of a target sequence. Thus, in some embodiments, where the
ouide sequence binds the reverse complement of a target sequence, the guide sequence 1s
1dentical to certain nucleotides of the target sequence (e.g., the target sequence not including
the PAM) except for the substitution of U for T 1n the guide sequence.

[0055] As used herein, an “RNA-guided DNA binding agent”™ means a polypeptide or
complex of polypeptides having RNA and DNA binding activity, or a DNA-binding subunit
of such a complex, wherein the DNA binding activity 1s sequence-specific and depends on

the sequence of the RNA. Exemplary RNA-guided DNA binding agents include Cas
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cleavases/nickases and 1nactivated forms thereof (“dCas DNA binding agents™). “Cas
nuclease”, also called “Cas protein” as used herein, encompasses Cas cleavases, Cas
nickases, and dCas DNA binding agents. Cas cleavases/nickases and dCas DNA binding
agents 1mnclude a Csm or Cmr complex of a type III CRISPR system, the Casl0, Csml, or
Cmr2 subunit thereof, a Cascade complex of a type I CRISPR system, the Cas3 subunit
thereof, and Class 2 Cas nucleases. As used herein, a ““Class 2 Cas nuclease™ 1s a single-chain
polypeptide with RNA-guided DNA binding activity. Class 2 Cas nucleases include Class 2
Cas cleavases/nickases (e.g., H840A, D10A, or N863A variants), which further have RNA-
ourded DNA cleavases or nickase activity, and Class 2 dCas DNA binding agents, in which
cleavase/nickase activity 1s mactivated. Class 2 Cas nucleases include, for example, Cas9,
Cpfl, C2cl, C2c2, C2c3, HF Cas9 (e.g., N497A, R661A, Q695A, Q926A vanants),
HypaCas9 (e.g., N692A, M694A, Q695A, H698A vanants), eSPCas9(1.0) (e.g., K810A,
K1003A, R1060A variants), and eSPCas9(1.1) (e.g., K848A, KI1003A, RI0O60A variants)
proteins and modifications thereof. Cpfl protein, Zetsche et al., Cel/, 163: 1-13 (2015), 1s
homologous to Cas9, and contains a RuvC-like nuclease domain. Cpfl sequences of Zetsche
are Incorporated by reference 1n their entirety. See, e.g., Zetsche, Tables S1 and S3. See, e.g.,
Makarova et al., Nat Rev Microbiol, 13(11): 722-36 (2015); Shmakov et al., Molecular Cell
60:385-397 (2015).

[0056] As used herein, the term “editor” refers to an agent comprising a polypeptide that
1S capable of making a modification within a DNA sequence. In some embodiments, the
editor 1s a cleavase, such as a Cas9 cleavase. In some embodiments, the editor 1s capable of
deaminating a base within a DNA molecule. In some embodiments, the editor 1s capable of
deaminating a cytosine (C) in DNA. In some embodiments, the editor 1s a fusion protein
comprising an RNA-guded nickase fused to a cytidine deaminase. In some embodiments, the
editor 1s a fusion protein comprising an RNA-guided nickase fused to an APOBEC3A
deaminase (A3A). In some embodiments, the editor comprises a Cas9 nickase fused to an
APOBEC3A deaminase (A3A). In some embodiments, the editor 1s a fusion protein
comprising an RNA-guided nickase fused to a cytidine deaminase and a UGI. In some
embodiments, the editor lacks a UGI.

|0057] As used herein, a “cytidine deaminase” means a polypeptide or complex of
polypeptides that 1s capable of cytidine deaminase activity, that 1s catalyzing the hydrolytic
deamination of cytidine or deoxycytidine, typically resulting in uridine or deoxyuridine.

Cytidine deaminases encompass enzymes 1n the cytidine deaminase superfamily, and 1n

particular, enzymes of the APOBEC family (APOBECI, APOBEC2, APOBEC4, and
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APOBEC3 subgroups of enzymes), activation-induced cytidine deaminase (AID or AICDA)
and CMP deaminases (see, e.g., Conticello et al., Mol. Biol. Evol. 22:367-77, 2005;
Conticello, Genome Biol. 9:229. 2008; Muramatsu et al.. J. Biol. Chem. 274: 18470-6, 1999);
Carrington et al., Cells 9:1690 (2020)).

[0058] As used herein, the term “APOBEC3” refers to a APOBEC3 protein, such as an
APOBEC3 protein expressed by any of the seven genes (A3A-A3H) of the human
APOBEC3 locus. The APOBEC3 may have catalytic DNA or RNA editing activity. An
amino acid sequence of APOBEC3A has been described (UniPROT accession ID: p31941)
and 1s included herein as SEQ ID NO: 40. In some embodiments, the APOBEC3 protein 1s a
human APOBEC3 protein and/or a wild-type protein. Vanants include proteins having a
sequence that differs from wild-type APOBEC3 protein by one or several mutations (1.e.
substitutions, deletions, insertions), such as one or several single point substitutions. For
instance, a shortened APOBEC3 sequence could be used, e.g. by deleting several N-term or
C-term amino acids, preferably one to four amino acids at the C-terminus of the sequence. As
used herein, the term “variant™ refers to allelic varnants, splicing variants, and natural or
artificial mutants, which are homologous to a APOBEC3 reference sequence. The variant 1s
“functional” in that 1t shows a catalytic activity of DNA or RNA editing. In some
embodiments, an APOBEC3 (such as a human APOBEC3A) has a wild-type amino acid
position 57 (as numbered 1n the wild-type sequence). In some embodiments, an APOBEC3
(such as a human APOBEC3A) has an asparagine at amino acid position 57 (as numbered 1n
the wild-type sequence).

[0059] As used herein, a “nickase” 1s an enzyme that creates a single-strand break (also
known as a “nick™) in double strand DNA. 1.e., cuts one strand but not the other of the DNA
double helix. As used herein, an “RNA-guided DNA nickase”™ means a polypeptide or
complex of polypeptides having DNA nickase activity, wherein the DNA nickase activity 1s
sequence-speciiic and depends on the sequence of the RNA. Exemplary RNA-guided DNA
nickases include Cas nickases. Cas nickases include nickase forms of a Csm or Cmr complex
of a type III CRISPR system, the Casl0, Csml, or Cmr2 subunit thereof, a Cascade complex
of a type I CRISPR system, the Cas3 subunit thereof, and Class 2 Cas nucleases. Class 2 Cas
nickases include variants in which only one of the two catalytic domains 1s inactivated, which
have RNA-guided DNA nickase activity. Class 2 Cas nickases include, for example, Cas9
(e.g., H840A, DI10A, or N863A varnants of SpyCas9), Cpfl, C2cl, C2c2, C2¢c3, HF Cas9
(e.g., N497A, R661A, Q695A, Q926A varnants), HypaCas9 (e.g., N692A, M694A, Q695A,
H698 A varnants), eSPCas9(1.0) (e.g, K810A, K1003A, R1060A variants), and eSPCas9(1.1)
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(e.g., K848A, KI003A, R1060A varnants) proteins and modifications thereof. Cpfl protein,
Zetsche et al., Cell, 163: 1-13 (2015), 1s homologous to Cas9, and contains a RuvC-like
protein domain. Cpfl sequences of Zetsche are incorporated by reference in their entirety.
See, e.g., Zetsche, Tables S1 and S3. “Cas9” encompasses S. pyogenes (Spy) Cas9, the
variants of Cas9 listed herein, and equvalents thereof. See, e.g., Makarova et al., Nat Rev
Microbiol, 13(11): 722-36 (2015); Shmakov et al., Molecular Cell, 60:385-397 (2015).

[0060] As used herein, the term “fusion protein™ refers to a hybrid polypeptide which
comprises protein domains from at least two different proteins. One protein may be located at
the amino-terminal (N-terminal) portion of the fusion protein or at the carboxy-terminal (C-
terminal) protein thus forming an “amino-terminal fusion protein” or a “carboxy-terminal
fusion protein,” respectively. Any of the proteins provided herein may be produced by any
method known 1n the art. For example, the proteins provided herein may be produced via
recombinant protein expression and purification, which 1s especially suited for fusion proteins
comprising a peptide linker. Methods for recombinant protein expression and purification are
well known, and include those described by Green and Sambrook, Molecular Cloning: A
Laboratory Manual (4th ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.
(2012)), the entire contents of which are incorporated herein by reference.

0061 ] The term “linker,” as used herein, refers to a chemical group or a molecule linking
two adjacent molecules or moieties. Typically, the linker 1s positioned between, or flanked
by, two groups, molecules, or other moieties and connected to each one via a covalent bond.
In some embodiments, the linker 1s an amino acid or a plurality of amino acids (e.g., a
peptide or protein) such as a 16-amino acid residue “XTEN" linker, or a varniant thereof (See,
e.g.. the Examples; and Schellenberger et al. A recombinant polypeptide extends the in vivo
half-life of peptides and proteins in a tunable manner. Nat. Biotechnol. 27, 1186-1190
(2009)). In some embodiments, the XTEN linker comprises the sequence
SGSETPGTSESATPES (SEQ ID NO: 900), SGSETPGTSESA (SEQ ID NO: 901), or
SGSETPGTSESATPEGGSGGS (SEQ ID NO: 902).

[0062] As used herein, the term “uracil glycosylase inhibitor” or “UGI™ refers to a protein
that 1s capable of inhibiting a uracil-DNA glycosylase (UDG) base-excision repair enzyme.
[0063] As used herein, “open reading frame”™ or “ORF” of a gene refers to a sequence
consisting of a series of codons that specify the amino acid sequence of the protein that the
gene codes for. The ORF begins with a start codon (e.g., ATG in DNA or AUG in RNA) and
ends with a stop codon, e.g., TAA, TAG or TGA in DNA or UAA, UAG, or UGA 1in RNA.
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[0064] As used herein, “ribonucleoprotein” (RNP) or “RNP complex™ refers to a guide
RNA together with an RNA-guided DNA binding agent, such as a Cas nuclease, e.g., a Cas
cleavase, Cas nickase, or dCas DNA binding agent (e.g., Cas9). In some embodiments, the
ouide RNA guides the RNA-guided DNA binding agent such as Cas9 to a target sequence,
and the guide RNA hybridizes with and the agent binds to the target sequence; in cases where
the agent 1s a cleavase or nickase, binding can be followed by cleaving or nicking.

[0065] As used herein, a first sequence 1s considered to “comprise a sequence with at
least X% 1dentity to” a second sequence if an alignment of the first sequence to the second
sequence shows that X% or more of the positions of the second sequence 1n 1ts entirety are
matched by the first sequence. For example, the sequence AAGA comprises a sequence with
100% 1dentity to the sequence AAG because an alignment would give 100% 1dentity 1n that
there are matches to all three positions of the second sequence. The differences between RNA
and DNA (generally the exchange of uridine for thymidine or vice versa) and the presence of
nucleoside analogs such as modified uridines do not contribute to differences in identity or
complementarity among polynucleotides as long as the relevant nucleotides (such as
thymidine, unidine, or modified uridine) have the same complement (e.g., adenosine for all of
thymidine, uridine, or modified uridine; another example 1s cytosine and 5-methylcytosine,
both of which have guanosine or modified guanosine as a complement). Thus, for example,
the sequence 5°-AXG where X 1s any modified uridine, such as pseudouridine, N1-methyl
pseudournidine, or 5-methoxyuridine, 1s considered 100% 1dentical to AUG 1n that both are
perfectly complementary to the same sequence (5°-CAU). Exemplary alignment algorithms
are the Smith-Waterman and Needleman-Wunsch algorithms, which are well-known 1n the
art. One skilled 1n the art will understand what choice of algorithm and parameter settings are
appropriate for a given pair of sequences to be aligned; for sequences of generally similar
length and expected 1dentity >50% for amino acids or >75% for nucleotides, the Needleman-
Wunsch algonthm with default settings of the Needleman-Wunsch algorithm interface
provided by the EBI at the www.ebi.ac.uk web server 1s generally appropriate.

[0066] "mRNA” 1s used herein to refer to a polynucleotide and comprises an open
reading frame that can be translated into a polypeptide (i.e., can serve as a substrate for
translation by a nbosome and amino-acylated tRNAs). mRNA can comprise a phosphate-
sugar backbone including ribose residues or analogs thereof, e.g., 2"-methoxy ribose residues.
In some embodiments, the sugars of an mRNA phosphate-sugar backbone consist essentially

of ribose residues, 2°-methoxy ribose residues, or a combination thereof.
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[0067] As used herein, “indels” refer to insertion/deletion mutations consisting of a
number of nucleotides that are either inserted or deleted, e.g. at the site of double-stranded
breaks (DSBs), 1n a target nucleic acid.

[0068] As used herein, “reduced or eliminated” expression of a protein on a cell refers to
a partial or complete loss of expression of the protein relative to an unmodified cell. In some
embodiments, the surface expression of a protein on a cell 1s measured by flow cytometry and
has “reduced or eliminated” surface expression relative to an unmodified cell as evidenced by
a reduction 1n fluorescence signal upon sta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>