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TARGETED DISRUPTION OF T CELL RECEPTOR GENES USING
ENGINEERED ZINC FINGER PROTEIN NUCLEASES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional
Application No. 61/804,076, filed March 21, 2013, the disclosure of which is hereby

incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure is in the field of genome modification of human

cells, including lymphocytes and stem cells.

BACKGROUND

[0003] Various methods and compositions for targeted cleavage of genomic
DNA have been described. Such targeted cleavage events can be used, for example,
to induce targeted mutagenesis, induce targeted deletions of cellular DNA sequences,
and facilitate targeted recombination at a predetermined chromosomal locus. See, for
example, U.S. Patent Nos. 7,888,121; 7,972,854, 7,914,796; 7,951,925, 8,110,379;
8,409,861; 8,586,526; U.S. Patent Publications 20030232410; 200502084 89;
20050026157; 20050064474; 20060063231; 201000218264; 20120017290;
20110265198; 20130137104; 20130122591; 20130177983 and 20130177960 and
U.S. Provisional Application No. 61/823,689, the disclosures of which are
incorporated by reference in their entireties for all purposes. These methods often
involve the use of engineered cleavage systems to induce a double strand break (DSB)
or a nick in a target DNA sequence such that repair of the break by an error born
process such as non-homologous end joining (NHEJ) or repair using a repair template
(homology directed repair or HDR) can result in the knock out of a gene or the
insertion of a sequence of interest (targeted integration). Cleavage can occur through
the use of specific nucleases such as engineered zinc finger nucleases (ZFN),
transcription-activator like effector nucleases (TALENS), or using the CRISPR/Cas
system with an engineered crRNA/tracr RNA (“single guide RNA”) to guide specific

cleavage.
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[0004] The T cell receptor (TCR) is an essential part of the selective activation
of T cells. Bearing some resemblance to an antibody, the TCR is typically made from
two chains, a and 8, which co-assemble to form a heterodimer. The antibody
resemblance lies in the manner in which a single gene encoding a TCR chain is put
together. TCR chains are composed of two regions, a C-terminal constant region and
an N-terminal variable region. The genomic loci that encode the TCR chains
resemble antibody encoding loci in that the TCR o gene comprises V and J segments,
while the B chain locus comprises D segments in addition to V and J segments.
During T cell development, the various segments recombine such that each T cell has
a unique TCR structure, and the body has a large repertoire of T cells which, due to
their unique TCR structures, are capable of interacting with unique antigens displayed
by antigen presenting cells. Additionally, the TCR complex makes up part of the
CD3 antigen complex on T cells.

[0005] During T cell activation, the TCR interacts with antigens displayed as
peptides on the major histocompatability complex (MHC) of an antigen presenting
cell. Recognition of the antigen-MHC complex by the TCR leads to T cell
stimulation, which in turn leads to differentiation of both T helper cells (CD4+) and
cytotoxic T lymphocytes (CD8+) in memory and effector lymphocytes. These cells
then can expand in a clonal manner to give an activated subpopulation within the
whole T cell population capable of reacting to one particular antigen.

[0006] Cytotoxic T lymphocytes (CTLs) are thought to be essential in killing
tumor cells. These cells typically are able to induce apoptosis in cancer cells when
the cancer cell displays some antigen on its surface that was previously displayed on
the MHC by an antigen presenting cell. Normally, following action against target
cells, CTLs will apoptose when the cellular threat is cleared, with a subset of
lymphocytes remaining that will further differentiate into memory T cells to persist in
case the body is exposed to the antigen again. The pool of memory lymphocytes is
possibly highly heterogeneous. Recently, two types of memory T-cells have been
identified: effector memory T-cells (CD45RA- CCR7-, CD62L-) and central memory
T-cells that are CD45RA negative cells characterized by the expression of CCR7 and
CD62L, two molecules required for homing in T-cell areas of secondary lymphoid
organs. Upon antigenic stimulation, central memory T-cells produce low levels of

effector cytokines such as IL.-4 and IFN-y, but high levels of IL-2, which is able to
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sustain their rapid and consistent proliferation. Upon antigen encounter central
memory T-cells undergo: 1) proliferation, resulting in an auto-regenerative process,
aimed at increasing their pool, and 2) differentiation, resulting in the generation of
effector memory T-cells, which are characterized by a low proliferative potential but
are able to migrate to inflamed non-lymphoid tissues and mediate the effector phase
of the immune response. Protocols enabling gene transfer into T lymphocytes, while
preserving their central memory functional phenotype have been developed (see
European Patent Publication No EP1956080, Kaneko er al., 2009 Blood 113(5):1006-
15).

[0007] However, some tumor cells are able to escape surveillance by the
immune system, perhaps through mechanisms such as poor clonal expansion of
certain CTL subsets expressing the relevant TCR, and localized immune suppression
by cancer cells (see Boon ef al, (2006) Annu Rev Immunol. 24:175-208). The notion
of a cancer vaccine is built upon the idea of using these cancer specific antigens to
stimulate and expand the CTLs that express the appropriate TCR in vivo, in an
attempt to overcome immune escape, however, these cancer vaccines have yet to
show any marked success. In fact, an analysis done in 2004 examined 765 metastatic
cancer patients that had been treated in over 35 different cancer vaccine trials, where
an overall response was observed in only 3.8% of patients (see Rosenberg et al (2004)
Nat. Med. 10(9): 909-915).

[0008] Adoptive immunotherapy is the practice of achieving highly specific T
cell stimulation of a certain subpopulation of CTLs that possess a high-avidity TCR to
the tumor antigen, stimulating and expanding them ex vivo, and then introducing them
into the patient. Adoptive immunotherapy is particularly effective if native
lymphocytes are removed from the patient before the infusion of tumor-specific cells.
The idea behind this type of therapy is that if the introduced high-avidity CTLs are
successful, once the tumor has been cleared, some of these cells will remain as
memory T cells and will persist in the patient in case the cancer reappears. In 2002, a
study was completed demonstrating regression of metastatic melanoma in patients
that were treated under a regime of adoptive immunotherapy following
immunodepletion with cyclophosphamide and fludarabine (Dudley et al, (2002)
Science, 298(5594): 850-854). Response rate was even higher if adoptive
immunotherapy was preceded by total body irradiation (Dudley et al 2008 J Clin
Oncol. 26(32):5233-9).
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[0009] However, adoptive immunotherapy cannot be performed when the T
cells of interest containing high avidity TCRs cannot be readily expanded. In
addition, it is often difficult to identify and isolate T cells with therapeutic value from
cancer patients because tumor antigens are often self-antigens, against which the
patient’s immune system is made tolerant through mechanisms of deletion or anergy
of those T cell clones with the highest avidity. Thus, transfer of genes encoding high
avidity TCRs into patient derived T cells has been proposed and demonstrated (see
Rubenstein et al, (2003) J of Immunology 170: 1209-1217). More recently, using a
mouse model of malignant melanoma, a statistically significant decrease in tumor
mass was found following introduction of normal lymphocytes that had been
transduced with retroviral vectors carrying human TCR genes specific for the gp-100
melanoma antigen (Abad et al, (2008) J Immunother. 31(1): 1-6). TCR gene therapy
is also described in Morgan et al. (2006) Science 314(5796):126-9 and Burns ef al,
2009 Blood 114(14):2888-99.

[0010] However, transfer of any TCR transgenes into host T cells carries with
it the caveats associated with most gene transfer methods, namely, unregulated and
unpredictable insertion of the TCR transgene expression cassette into the genome,
often at a low level. Such poorly controlled insertion of the desired transgene can
result in effects of the transgene on surrounding genes as well as silencing of the
transgene due to effects from the neighboring genes. In addition, the endogenous
TCR genes that are co-expressed in the T cell engineered with the introduced TCR
transgene could cause undesired stimulation of the T cell by the antigen recognized by
the endogenous TCR, undesired stimulation of the T cell by unintended antigens due
to the mispairing of the TCR transgene with the endogenous TCR subunits creating a
novel TCR complex with novel recognition properties, or can lead to suboptimal
stimulation against the antigen of interest by the creation of inactive TCRs due to
heterodimerization of the transgene encoded TCR subunits with the endogenous TCR
proteins. In fact, the risk of severe autoimmune toxicity resulting from the formation
of self-reactive TCR from mispairing of endogenous and exogenous chains has been
recently highlighted in a murine model (Bendle ef al., (2010) Nature Medicine
16:565-570) and in human cells (van Loenen et al., (2010) Proc Natl Acad Sci U S 4
107:10972-7). Additionally, the tumor-specific TCR may be expressed at suboptimal

levels on the cell surface, due to competition with the endogenous and mispaired TCR
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for the CD3 molecules, required to express the complex on the cell surface. Low TCR
expression affects the avidity and efficacy of the transgenic T cell.

[0011] Wilms tumor antigen (WT1 antigen) is a transcription factor normally
expressed in embryonic cells. After birth, its expression is limited to only a few cell
types including hematopoietic stem cells. However, it has been found to be
overexpressed in many types of leukemias and solid tumors (see Inoue ef al (1997)
Blood 89: 1405-1412) and may contribute to a lack of growth control in these cells.
Due to the low expression of WT1 in normal tissues, its expression on cancer cells
makes it an attractive target for T-cell mediated therapy. TCR variants with increased
avidity to WT1 containing a modified cysteine to discourage mispairing between the
endogenous TCR subunits and the transgene TCRs have been transduced into primary
T cells and tested for functionality (Kuball ef a/ (2007) Blood 109(6):2331-8). The
data demonstrated that while T cells that had been freshly transduced with the WT1-
TCR variants had an increased antigen response as compared to those transduced with
a wildtype TCR domain, after several rounds of stimulation with the WT1 antigen,
this improved antigen responsiveness was lost (see Thomas et al (2007) J of Immunol
179 (9): 5803-5810). It was concluded that even with the transgene-specific cysteine
modiﬁéation, mispairing with the endogenous TCR peptides may play a role in
reducing anti-WT1 avidity seen in cells transduced with the WT1-specific TCRs. See,
also, U.S. Patent Publication No. 20110158957,

[0012] Another tumor antigen is NY-ESOI. It is a member of the so-called
‘CT’ set of tumor antigens, meaning that it is expressed on cancer cells and in the
testis. Originally identified from expression on an esophageal tumor, NY-ESO1 has
now been found to be expressed on several tumor types, including bladder, breast,
colorectal, gastric, hepatocarcinoma, head and neck, multiple myeloma, melanoma,
non-small cell lung cancer, ovarian, pancreatic, prostate, sarcomas and synovial
sarcoma (see Gnjatic et al (2006) Advances in Cancer Research p. 1), often when
those tumors are in advanced stages. Because of its apparent lack of expression on
most tissues, NY-ESOT1 has been considered for use in a cancer vaccine. Thus, both
full length NY-ESO1 protein and peptides derived from the sequence have been and
are being used in clinical trials. It appears however that the vaccination method may
have limited usefulness, perhaps due to the production of T cells that have limited
avidity to the antigen. In addition, many cancer patients harboring NY-ESO1 positive

tumors have detectable anti-NY-ESO1 antibodies in their blood, but their tumors are
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still able to evade the immune response. One potential solution may be the
development of high affinity TCRs against the NY-ESO1 antigen. A study carried
out using standard TCR transfer of NY-ESO1 specific TCRs made by three different
T cell priming techniques into host T cells (see Sommermeyer et al (2012) Int. J.
Cancer 132: 1360-1367) found that developing a robust TCR for adoptive
immunotherapy will require overcoming a number of issues. There are also
additional reports of NY-ESO1 specific TCRs that have been produced (see
US8367804 and EP2016102B1 for specific examples). A clinical trial has also been
carried out where NY-ESO1+ metastatic melanoma or metastatic synovial cell
sarcoma patients were treated with autologous lymphocytes harvested from peripheral
blood that had been transduced with a NY-ESO1 TCR. Clinical response was seen in
5 of 11 melanoma patients and 4 of 6 synovial cell sarcoma patients (Robbins ef al,
(2011) J. Clin Oncol 29(7) : 917).

[0013] Thus, there remains a need for compositions that can introduce desired
TCR transgenes into a known chromosomal locus. In addition, there is a need for

methods and compositions that can selectively knock out endogenous TCR genes.

SUMMARY
[0014] Disclosed herein are compositions and methods for partial or complete
inactivation or disruption of an endogenous TCR gene and compositions and methods
for introducing and expressing to desired levels of exogenous TCR transgenes into T-
lymphocytes, after or simultaneously with the disruption of the endogenous TCR
gene.
[0015] In one aspect, provided herein are zinc finger nucleases (ZFNs),
TALENs or a CRISPR/Cas system with an engineered single guide RNA that cleaves
a TCR gene. In certain embodiments, the ZFNs, TALENs or CRIPSR/Cas nucleases
bind to target sites in a human TCR « gene and/or target sites in a human TCR [ gene.
In some embodiments, cleavage within the TCR gene(s) with these nucleases results
in permanent disruption (e.g., mutation/inactivation) of the TCR a and/or B gene(s).
[0016] In certain embodiments, the nuclease comprises a zinc finger protein.
The zinc finger proteins may include 1, 2, 3, 4, 5, 6 or more zinc fingers, each zinc
finger having a recognition helix that binds to a target subsite in the target gene. In
certain embodiments, the zinc finger proteins comprise 4 or 5 or 6 fingers (designated

F1, ¥2, F3, F4, F5 and F6 and ordered F1 to F4 or F5 or F6 from N-terminus to C-
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terminus) and the fingers comprise the amino acid sequence of the recognition regions
shown in Table 4 and Table 5 and/or recognize the target sites shown in Tables 4 and
5. In other embodiments, the nucleases are TALENs that may comprise engineered
repeat units with canonical or non-canonical repeat variable diresidues (RVDs), for
example TRAC and TRBC-specific TALENs as shown in Table 14 operably linked to
a nuclease domain (e.g., Type IIS Restriction endonuclease and/or meganuclease).
The TALENS include a C-cap sequence, for example a C-terminal region that is less
full-length of a wild-type TAL C-terminal sequence (e.g., a +17 or +63 C-cap). C-cap
sequences are described in U.S. Patent No. 8,586,526. Additional embodiments
comprise use of the CRIPSR/Cas nuclease system where a single guide RNA has been
made to target the nuclease to the target site in the TCR o and/or TCR 3 sequence.
[0017] Any of the nucleases described herein may further comprise a cleavage
domain and/or a cleavage half-domain (e.g., a wild-type or engineered Fokl cleavage
half-domain or meganuclease domain with cleavage activity). Thus, in any of the
nucleases described herein, the nuclease domain may comprise a wild-type nuclease
domain or nuclease half-domain (e.g., a Fokl cleavage half domain). In other
embodiments, the nucleases (e.g., ZFNs and/or TALENSs) comprise engineered
nuclease domains or half-domains, for example engineered Fokl cleavage half
domains that form obligate heterodimers. See, e.g., U.S. Patent Nos. 7,914,796;
8034,598 and U.S. Patent Publication No. 20080131962.

[0018] In another aspect, the disclosure provides a polynucleotide encoding
any of the nucleases described herein. Any of the polynucleotides described herein
may also comprise exogenous sequences (donor or patch sequences) for targeted
insertion into the TCR a and/or the TCR B gene. In certain embodiments, the donor
sequence comprises tumor antigen specific TCR transgene wherein the TCR
transgene is a TCR a transgene, a TCR B transgene and combinations thereof . In
certain embodiments, the transgene comprises a NY-ESO1-specific transgene where
the NY-ESO1-specific transgene is a TCR a transgene, a TCR f transgene and
combinations thereof..

[0019] In yet another aspect, a gene delivery vector comprising one or more of
the polynucleotides described herein is provided (e.g., donor and/or nuclease(s)). In
certain embodiments, the vector is an adenoviral vector (e.g., an Ad5/F35 vector) or a
lentiviral vector (LV) including integration competent or integration-defective

lentiviral vectors. Thus, also provided herein are adenoviral (Ad) vectors or LVs
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comprising a sequence encoding at least one zinc finger nuclease (ZFN), TALEN or
CRISPR/Cas nucleases and single guide RNA and/or a donor sequence for targeted
integration into a target gene. In certain embodiments, the Ad vector is a chimeric Ad
vector, for example an Ad5/F35 vector. In certain embodiments, the lentiviral vector
is an integrase-defective lentiviral vector (IDLV) or an integration competent
lentiviral vector. In certain embodiments the vector is pseudo-typed with a VSV-G
envelope, or with other envelopes. In additional embodiments, the target gene is the
human TCR a gene. In certain embodiments, the target gene is the human TCR
gene. The vectors described herein may also comprise donor sequences. In
additional embodiments, the donor sequences comprise human TCR genes that are
specific for an MHC/antigen complex of interest. In some embodiments, the donor
sequences may comprise the human TCR a and/or the human TCR B genes that are
specific for an MHC/antigen complex of interest. In certain embodiments, a single
vector comprises sequences encoding one or more ZFNs, TALENs or CRISPR/Cas
nuclease complex and the donor sequence(s). In other embodiments, the donor
sequence(s) are contained in a first vector and the ZFN-, TALEN- or CRISPR/Cas
encoding sequences are present in a second vector. In further embodiments, the ZFN-
, TALEN-, or CRISPR/Cas-encoding sequences are present in a first vector and the
TCR a gene of interest is present in a second vector and the TCR 3 gene of interest is
present in a third vector. In some embodiments, the TCR genes of interest are
inserted into the location of the endogenous TCR genes, and in other embodiments the
TCR genes of interest are inserted into randomly selected loci, or into a separate locus
after genome-wide delivery. In some embodiments, the separate locus for TCR
transgene insertion is the PPP1R12C locus (also known as AAVS1, see U.S Patent
Number 8,110,379). In other embodiments, the TCR transgene is inserted into a
CCR-5 locus. See, U.S. Patent No. 7,951,925.

[0020] In yet another aspect, the disclosure provides an isolated T-lymphocyte
comprising an exogenous sequence stably integrated into the genome of the T-
lymphocyte and in which an endogenous TCR gene is partially or completely
inactivated by a zinc finger nuclease or C-cap TALEN (TALEN with a C-terminal
truncation). In certain embodiments, the cell comprises any of the proteins,
polynucleotides and/or vectors described herein. In certain embodiments, the cell is
selected from the group consisting of a stem/progenitor cell, a T-cell (e.g., CD4" T-

cell). In a still further aspect, the disclosure provides a cell or cell line which is
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descended from a cell or line as described herein, namely a cell or cell line descended
(e.g., in culture) from a cell in which TCR has been inactivated by one or more ZFNs,
TALENSs or specific CRISPR/Cas nucleases and/or in which a TCR-encoding donor
polynucleotide has been stably integrated into the genome of the cell. Thus,
descendants of cells as described herein may not themselves comprise the proteins,
polynucleotides and/or vectors described herein, but, in these cells, a TCR gene is
inactivated and/or a TCR-encoding donor polynucleotide is integrated into the
genome and/or expressed.

[0021] In another aspect, described herein are methods of inactivating a TCR
gene in a cell by introducing one or more proteins, polynucleotides and/or vectors into
the cell as described herein. In any of the methods described herein the ZFNs,
TALENS or specific CRISPR/Cas nucleases may induce targeted mutagenesis,
targeted deletions of cellular DNA sequences, and/or facilitate targeted recombination
at a predetermined chromosomal locus. Thus, in certain embodiments, the ZFNss,
TALENSs or specific CRISPR/Cas nucleases delete or insert one or more nucleotides
of the target gene. In some embodiments the TCR gene is inactivated by ZFN,
TALEN or specific CRISPR/Cas nuclease cleavage followed by non-homologous end
joining. In other embodiments, a genomic sequence in the target gene is replaced, for
example using a ZFN, TALEs or specific CRISPR/Cas nuclease (or vector encoding
said ZFN, TALEN or specific CRISPR/Cas nuclease) as described herein and a
“donor” sequence that is inserted into the gene following targeted cleavage with the
ZFN, TALEN or specific CRISPR/Cas nuclease. In certain embodiments, the donor
sequence comprises a NY-ESO1 sequence. The donor sequence may be present in the
ZFN, TALEN or specific CRISPR/Cas nuclease vector, present in a separate vector
(e.g., Ad or LV vector) or, alternatively, may be introduced into the cell using a
different nucleic acid delivery mechanism.

[0022] In another aspect, methods of using the zinc finger proteins, TALENs
or specific CRISPR/Cas nucleases and fusions thereof for mutating a TCR gene
ahd/or inactivating TCR function in a cell or cell line are provided. Thus, a method
for inactivating a TCR gene in a human cell is provided, the method comprising
administering to the cell any of the proteins or polynucleotides described herein.
[0023] In yet another aspect, the disclosure provides a method for treating or
preventing cancer, infections, autoimmune disorders, and/or graft-versus-host disease

(GVHD) in a subject, the method comprising: (a) introducing, into a cell (e.g,
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lymphocyte, stem cell, progenitor cell, etc.), a first nucleic acid encoding a first
polypeptide, wherein the first polypeptide comprises: (i) a zinc finger or TALE DNA-
binding domain that is engineered to bind to a first target site in a TCR gene; and (ii) a
cleavage domain; under conditions such that the polypeptide is expressed in the cell,
whereby the polypeptide binds to the target site and cleaves the endogenous TCR
gene; and (b) introducing, into the cell, a second nucleic acid encoding a second
polypeptide, wherein the second polypeptide comprises: (i) a zinc finger or TALE
DNA-binding domain that is engineered to bind to a second target site in a TCR gene;
and (ii) a cleavage domain; under conditions such that the polypeptide is expressed in
the cell, whereby the polypeptide binds to the target site and cleaves the endogenous
TCR gene; and (c) introducing into the cell a third nucleic acid comprising a nucleic
acid encoding a TCR gene or TCR genes, specific for a tumor specific antigen in an
MHC complex, such that the third nucleic acid is introduced into the endogenous
TCR gene and the cell with the introduced third nucleic acid treats or prevents cancer,
infections, autoimmune disorders, and/or graft-versus-host disease (GVHD) in the
subject. In certain embodiments, steps (a)-(c) are performed ex vivo and the method
further comprises, following step (c), the step of introducing the cell into the subject.
In certain embodiments, the third nucleic acid encoding the TCR gene(s) is expressed
under the control of bi-directional promoters (e.g., PGK, EF1la, etc.). In other
embodiments, the TCR gene(s) are expressed from bicistronic cassettes (e.g., using
viral 2A peptides or an IRES sequence) or by multiple LVs expressing different TCR
genes under monodirectional promoters. In certain embodiments, the cell is selected
from the group consisting of a stem/progenitor cell, or a T-cell. In any of the methods
describes herein, the first nucleic acid may further encode a second polypeptide,
wherein the second polypeptide comprises: (i) a zinc finger or TALE DNA-binding
domain that is engineered to bind to a second target site in the TCR gene; and (ii) a
cleavage domain; such that the second polypeptide is expressed in the cell, whereby
the first and second polypeptides bind to their respective target sites and cleave the
TCR gene.

[0024] In another aspect, the disclosure also provides a method for treating or
preventing cancer in a subject, the method comprising: (a) introducing, into a cell, a
first nucleic acid encoding a first polypeptide, wherein the first polypeptide
comprises: (i) a zinc finger or TALE DNA-binding domain that is engineered to bind

to a first target site in a TCR gene; and (i1) a cleavage domain; under conditions such
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that the polypeptide is expressed in the cell, whereby the polypeptide binds to the
target site and cleaves the endogenous TCR; and (b) introducing, into a cell, a second
nucleic acid encoding a second polypeptide, wherein the second polypeptide
comprises: (1) a zinc finger or TALE DNA-binding domain that is engineered to bind
to a first target site in a safe harbor locus (e.g., PPP1R12C, CCR5); and (ii) a cleavage
domain; under conditions such that the polypeptide is expressed in the cell, whereby
the polypeptide binds to the target site and cleaves in the safe harbor locus (e.g.,
PPP1R12C, CCR5)and (c) introducing into the cell a third nucleic acid comprising a
donor nucleic acid encoding a TCR gene or TCR genes specific for a tumor specific
antigen in an MHC complex; and (d) introducing the cell into the subject. The nucleic
acids comprising the TCR specific ZFN, TALEN or CRISPR/Cas nuclease system
may be introduced simultaneously with the ZFN, TALEN or CRISPR/Cas nuclease
system specific for the safe-harbor locus and the donor nucleic acid molecule, or the
nucleic acid encoding the TCR-specific ZFN, TALEN or CRISPR/Cas nuclease
system may be introduced into the cell in a first step, and then the safe harbor locus
(e.g, PPPIRI12C, CCRS) -specific ZFNs, TALENs or CRISPR/Cas nuclease system
and the donor nucleic acid molecule may be introduced in a second step. In certain
embodiments, the donor nucleic acid molecule encodes a tumor antigen such as NY-
ESOLl.

[0025] The disclosure also provides a method of preventing or treating a
cancer in a subject comprising introducing, into a subject, a viral delivery particle
wherein the viral delivery particle comprises (a) a first nucleic acid encoding a first
polypeptide, wherein the first polypeptide comprises: (i) a zinc finger or TALE DNA-
binding domain that is engineered to bind to a first target site in a TCR gene; and (ii) a
cleavage domain; under conditions such that the polypeptide is expressed in the cell,
whereby the polypeptide binds to the target site and cleaves the endogenous TCR; and
(b) a second nucleic acid encoding a second polypeptide, wherein the second
polypeptide comprises: (i) a zinc finger or TALE DNA-binding domain that is
engineered to bind to a first target site in a safe harbor locus (e.g., AAVS1, CCR5,
albumin, HPRT etc. (see co-owned US Patent Nos. U.S. 8,110,379 and 7,951,925, and
Patent Application Nos.13/624,193 and 13/660,821)); and (ii) a cleavage domain;
under conditions such that the polypeptide is expressed in the cell, whereby the
polypeptide binds to the target site and cleaves the safe harbor locus (e.g., AAVSI,
CCRS5, albumin, HPRT); and (c) a third nucleic acid encoding a third polypeptide,
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wherein the third polypeptide comprises: (i) a zinc finger or TALE DNA-binding
domain that is engineered to bind to a second target site in a safe harbor locus (e.g.,
AAVSI1, CCRS, albumin, HPRT); and (ii) a cleavage domain; under conditions such
that the polypeptide is expressed in the cell, whereby the polypeptide binds to the
target site and cleaves at the safe harbor locus (e.g., AAVS1, CCRS, albumin, HPRT);
and (d) a third nucleic acid comprising a donor nucleic acid encoding a TCR gene or
TCR genes specific for a tumor specific antigen in an MHC complex; such that the
endogenous TCR gene is cleaved and rendered inactive, and the safe harbor gene
(e.g., AAVSI, CCRS, albumin, HPRT) is cleaved and the TCR gene specific for a
tumor specific antigen in an MHC complex becomes inserted into the endogenous
TCR gene. In certain embodiments, the method further comprises, following step (d),
the step of introducing the cell into the subject. In certain embodiments, the donor

nucleic acid molecule encodes a tumor antigen such as NY-ESOI1.

[0026] In any of the methods described herein, a viral delivery particle can be
used to deliver one or more of the polynucleotides (ZFN- or TALEN-encoding and/or
donor polynucleotides). Furthermore, in any of the methods and compositions
described herein, the cell can be, for example, a stem/progenitor cell (e.g., a CD34"
cell), or a T-cell (e.g., a CD4" cell).

[0027] Furthermore, any of the methods described herein can be practiced in
vitro, in vivo and/or ex vivo. In certain embodiments, the methods are practiced ex
vivo, for example to modify PBMCs, e.g., T-cells, to make them specific for a tumor
antigen/MHC complex of interest to treat a tumor in a subject. Non-limiting
examples of cancers that can be treated and/or prevented include lung carcinomas,
pancreatic cancers, liver cancers, bone cancers, breast cancers, colorectal cancers,

leukemias, ovarian cancers, lymphomas, brain cancers and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Figure 1, panels A and B, depict construction and expression of a
Wilms tumor antigen (WT1) specific lentiviral vector. Figure 1A depicts a diagram
of the genes encoding a codon-optimized, cysteine-modified TCR specific for an
HLA-A2-restricted peptide from the Wilms tumor antigen 1 (WT1) cloned into a third

generation lentiviral vector (L V) under the control of a bi-directional PGK or EFla.
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promoter. See, Amendola et al (2005) Nature Biotechnology 23(1): 108-116 and U.S.
Patent Publication No US2006200869. Figure 1B is a graph depicting a time course
of VB21 TCR expression in lentivirus transduced CD8" cells cultured in the presence
of 5 ng/ml of IL7 and IL15. VP21 relative fluorescence intensity (RFI) was calculated
as the ratio of the mean fluorescence intensity (MFI) of V21 measured in PGK-WT1
(open squares) or EF1a-WT1 (“X”) genetically modified lymphocytes/the MFI of
VB21 measured in T cells naturally expressingVp21.

[0029] Figure 2, panels A to C, are graphs depicting results of cells
transduced with TCR constructs. Figure 2A depicts induction of yYIFN production by
stimulation of the cells with WT1+HLA-A2+ and WT1+/HLA A2- cells (the
indicated primary AML or K562 cells (right most bar in graph)) transduced with
vectors expressing the transgenic TCRs either from the PGK/mCMYV dual promoter
combination (left side group of 4 bars) or the EF1o/mCMYV dual promoter (right side
group of 4 bars) following exposure to WT1+HLA-A2+ or WT1+HLA-A2- (negative
control) primary leukemic blasts from AML patients (designated as AML1 (left most
bar), AML2 (second bar from the left) and AML3 (third bar from the left)). Figures
2B and 2C demonstrate the percent killing of the leukemic blasts from AML1 and
AML2 (solid lines, closed circles) by the TCR modified cells. Dotted lines represent
residual killing of the leukemic blasts by the TCR modified cells in the presence of an
excess of cold (not labeled) HLLA-A2 target cells, loaded with the WT1 proper
peptide.

[0030] Figure 3, panels A and B, are graphs depicting GFP expression
following introduction of ZFNs targeted to a safe harbor locus together with a GFP
donor. Figures 3A and 3B demonstrate the increase in the percentage of GFP positive
cells in relation to the amount of Ad5/F35 CCRS-specific ZFN (Fig. 3A) or Ad5/F35
AAVS1-specific ZFN (Fig. 3B) and —IDLV GFP donor DNA cassette used.

[0031] Figure 4, panels A and B, depict diagrams of exemplary TCR-a and
TCR-p donor molecules (Figure 4A) and the TCR-J genes (Figure 4B). Figure 4A
depicts a cassette containing WT1-specific TCR-o and TCR- donor molecules and
shows the regions of homology to the CCRS integration site. Figure 4B depicts the
genomic arrangement of the two TCR- constant regions in K562 cells (TRBC1 and
TRBC2).
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[0032] Figure 5 depicts the percent modification for several pairs of TCR-f3-
specific ZFNs in K562 cells as measured by a Cel-I Surveyor™ mismatch assay
(“Cel-I assay” Transgenomic) The cells were incubated initially at 30°C following
transfection, with either 0.1 or 0.4 pg of ZFN plasmid. Percent modification is shown
at the bottom of the lanes.

[0033] Figure 6, panels A and B, depict percent modification for TCR-a
specific ZFNs in K562 cells as measured by a Cel-I assay. Figure 6A depicts the
results from a Cel-I assay on cells where the ZFNs were targeted to Exon 1. Figure
6B depicts the results of a Cel | mismatch assay where the ZFNs were targeted to
Exon 3. “GFP” indicates cells tranduced with GFP only vectors. Percent alteration
(NHE]J) is indicated at the bottom of the lanes. As shown, sorted CD3- lymphocytes
survive in the presence of IL7 and IL15.

[0034] Figure 7, panels A to F, depict ZFN-mediated cleavage of TCR-p.
Untransduced and transduced Jurkat cells using the TCR-f specific ZFN pair 16783
and 16787 at two concentrations of vector demonstrated the loss of CD3 signal at the
cell surface (from 2.7% CD3(-) to 20.2% CD3(-) (see Example 6). Figures 7A and
7B show the results of Cel-I assays at the TRBC1 (Fig. 7A) and the TRBC2 (Fig. 7B)
locus in Jurkat cells and demonstrate that cleavage has occurred. The measured %
gene modification is indicated at the bottom of each lane. Figure 7C is a graph
depicting that sorted CD3- primary human lymphocytes can survive in the presence of
IL7 and IL15. “UT” indicates untreated cells. Figure 7D shows the percent
modification (NHEJ), as assayed by the Cel-I assay observed in the primary T-cell
cell pools treated with TCR-beta specific ZFNs. “Bulk” indicates percent of NHEJ
observed for the ZFN treated cell pool, while CD3+ or CD3- shows the NHEJ
observed for cells that were sorted either as CD3+ or CD3-. “UT” indicates cells that
were not treated. The percent NHEJ detected by the assay is indicated at the bottom
of the lanes. Figure 7E is a graph depicting percent CD3- cells and demonstrates the
persistence of CD3- cells over time (percent of CD3- cells stays fairly constant even
up to 45 days) in cells treated with increasing concentrations of ZFNs. Figure 7F is a
graph depicting that CD3- cells have lost TCR/CD?3 functionality since they do not
appear to divide in response to non-specific mitogens. As shown, CD3- cells survive
and are stable in culture in the presence of IL7 and IL15 for more than 40 days, do not

respond to polyclonal mitogens, and maintain a TCM phenotype.
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[0035] Figure 8 depicts the experimental outline and the FACS results for
editing of the TCR-~P locus in primary T lymphocytes and the re-introduction of a
specific TCR transgene. Cells used were either untreated primary T cells
lymphocytes or lymphocytes pre-treated with the TCR-B-specific ZFNs carried by an
IDLYV and then sorted for CD3(-) primary T cells. Gene transfer was achieved after
stimulation of T cells with cell-sized beads coated with antibodies directed to CD3
and to CD28, and cell culture in the presence of IL.7 (Sng/ml) and IL15 (5ng/ml) to
facilitate the generation of genetically modified central memory lymphocytes,
according to European Patent Publication No EP1956080. As shown, cells that were
sorted for being CD3(-) after treatment with the TCR-f specific ZFNs and then have
the WT1-TCRp V21.3 and WT1.TCRa transgenes randomly integrated into the
genome using a lentiviral vector, show an increase in staining for both CD3 and for
VB21.3, indicating primary T lymphocytes can undergo endogenous TCR disruption
via NHEJ using the TCR-B-specific ZFNs and then be re-targeted to recognize a
specific antigen via the introduction of a new TCR encoded by a transgene cassette
(PGK-WT1). As acontrol, UT cells also had the PGK-WTT1 cassette inserted and
showed a smaller percentage of cells expressing V3 21.3 (26%) as compared to the
ZFN-treated, CD3(-) population (46%, 92% after polyclonal stimulation), indicating
the disruption of the endogenous TCR may improve the cell-surface expression and
functionality of the TCR expressed from the transgene.

[0036] Figure 9, panels A to C, depict expression of V21 TCR. Figure 9A
depicts VP21 TCR expression (upper histogram) and WT126.134 pentamer binding
(lower histogram) in CD8" TCR P chain disrupted and WT1 transduced cells (TCR-p-
edited), unedited WT1 LV transduced cells (TCR-transferred), and untransduced
lymphocytes treated with the same culture conditions. Figure 9B shows a time course
of surface expression of VB21 TCR. Average + SD (n=2) of VP21 RFI is represented.
RFI is calculated from the ratio of the MFI of VB21 measured in CD8" TCR-edited
(open triangle) or TCR-transferred (dark circle) lymphocytes/the MFI of V21
measured in CD8" T cells naturally expressingVp21. Figure 9C depicts the results of
a cytotoxicity assay with TCR-edited and TCR-transferred cells. Functional activity is
measured by a >'Chromium release assay for lysis of labeled T2 cells pulsed with
increasing concentrations of the WT1;26.134 HLA-A2 restricted peptide, or with the
irrelevant CMV-derived pp6549s.503 HLA-A2 restricted peptide (10 uM) as negative
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control, at an Effector/Target (E/T) ratio of 12. Results are represented as average +
SD of % of lysis (**, p<0.01, *, p<0.05 with Mann-Whitney test, TCR-edited n=6,
TCR-transferred n=4).

[0037] Figure 10, panels A and B, depict the functional activity of WT1
TCR-positive T cell clones as tested by YIFN ELISpot assay. Clones were exposed to
T2 cells pulsed with 10nM of the WT1;26.134 HLA-A?2 restricted peptide (10A), or to
allogeneic PBMC (10B) at a stimulator/responder ratio of 1:1. The number of specific
spots (open triangles and dark circles) observed is shown on the y axis as number of
spots produced in presence of stimulators minus the number of spots produced by
effectors alone. The results show that the TCR- B edited clones exhibit a higher
degree of antigen specificity than the TCR transferred cells which contain both the
endogenous and the exogenous TCR genes.

[0038] Figure 11 depicts VP21 expression in ZFN-edited and unedited cells.
CD3(-) cells sorted from TRBC-disrupted lymphocytes and unedited cells and were
transduced at increasing MOI by LV encoding the VP21 gene of the WT1-specific
TCR and the ALNGFR gene (see diagram at the top of figure showing dual expression
of the V321 gene and the ALNGFR gene) . Transduction efficiency was assessed as
% of ALNGFR" lymphocytes and is shown. VB21 expression was measured on
ALNGFR® cells and demonstrates that the transduced VP21 gene can be expressed
and form active CD3 complexes with the endogenous TCR a chain. The mean
fluorescence intensity (MFT) of V21 is shown.

[0039] Figure 12, panels A to C, depict CD3 expression in primary
lymphocytes treated with ZFN targeting TCR o genes. Figure 12A depicts a diagram
of the human locus encoding the TCR a., total length 18 kb; TRAYV, variable region
genes, TRAD, diversity region genes, TRAC, constant region gene. Displayed above
the scheme of the locus are the genomic DNA sequences in TRAC targeted by each
TRAC-ZFN. Figure 12A discloses the protein sequence as SEQ ID NO: 109 and the
DNA sequence as SEQ ID NO: 108. Figure 12B depicts down-regulation of cell
surface CD3 expression measured by flow cytometry in primary human lymphocytes
stimulated with baCD3/CD28, cultured with Sng/ml IL-7, Sng/ml IL-15, and exposed
to TRAC-ZFN IDLVs. The percent of CD3(-) cells is plotted. UT, Untransduced
cells. Sorted CD3(-) cells were transduced with WT1-a OFP-LV resulting in
expression of CD3 on transduced lymphocytes. Figure 12C depicts a gel showing the
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level of targeted gene disruption measured by the Cel-I assay in primary lymphocytes
exposed to TRAC-ZFN. The higher migrating product indicating wild type (w/t) gene
is shown. Lower migrating products (NHEJ) indicate ZFN-directed gene disruption.
“UT” refers to untransduced cells.

[0040] Figure 13 depicts partial sequence of the genomic TRAC ZFN target
site in ZFN-treated human lymphocytes was amplified, cloned and sequenced to
confirm ZFN-induced modification. Sequence alignment revealed several ZFN-
induced deletions and insertions (indels) within the target region. The left column
indicates the number of clones retrieved while the right column indicates the number
of deleted or inserted nucleotides. Figure 13 discloses SEQ ID NOs: 110-143,
respectively, in order of appearance.

[0041] Figure 14 depicts expression of CD3 in following ZFN editing. Upper
panels shows results of studies in which activated T lymphocytes were treated with
TRAC-ZFN-AdV (MOI 1000), and CD3(-) lymphocytes were sorted and transduced
with 3 pg-p24/10°cells of PGK-WT1-o LV and CD3(+) cells were sorted. Surface
expression of CD3 in transduced cells is shown. After one cycle of polyclonal
stimulation, a- edited lymphocytes were treated with TRBC-ZFN-AdV (MOI 10%) and
CD3(-) cells sorted and transduced with 3 pg-p24/ 10%cells of PGK-WT1-f LV.
Surface expression of V21 TCR and CD3 is shown on transduced cells before and
after one cycle of polyclonal stimulation. Percent of events measured in each quadrant
are shown, and the experimental timeline is shown on the bottom.

[0042] Figure 15 depicts VB21 TCR expression (upper histogram) and
WT1126.134 pentamer binding (lower histogram) are shown in CD8(+) T cells with
TCR o/f chains disrupted via introduction of ZFNs and sorting for CD3- cells
followed by transduction with the WT1 TCR chains and sorting for CD3+ cells (TCR-
edited), unedited WT1 LV transduced cells (TCR-transferred), and untransduced
lymphocytes treated with the same culture conditions. The data show that the TCR
edited cells have a higher level of V321 expression than those clones wherein both the
endogenous and the exogenous TCR genes are present. It also demonstrates that the
TCR edited cells display higher binding to the WT1 peptide than those cells that have
both sets of TCR genes.

[0043] Figure 16, panels A to C, are graphs depicting functional activity of
genetically modified lymphocytes was tested by the yYIFN ELISpot assay. Three
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weeks after polyclonal stimulation, TCR-o/B-edited and TCR transferred lymphocytes
were exposed to either 1) T2 cells pulsed with increasing concentrations of the
WT1126.134 HLA-A2 restricted peptide, or with the irrelevant CMV-derived pp65495.503
HLA-A2 peptide (see Figure 16A, right side of figure) or ii) WT1" HLA-A2(+) (black
in Figure 16B) or HLA-A2(-) (grey) leukemic cells harvested from AML patients
with (dashed symbols) or without (full symbols) pulsing with WT1;26.134 peptide
(50nM). Figure 16C shows similar results where allogenic PBMC were used as
target. All assays were performed at a stimulator/responder ratio of 1:1. The number
of specific spots is shown on the y axis as the number of spots produced in the
presence of stimulators minus the number of spots produced by effectors alone. * =
p<0.05, ** = p<0.01, *** = p<0.001.

[0044] Figure 17 depicts analysis for off-target cleavage by TRAC-specific
ZFNs. The 15 most likely potential off target sites for the TRAC-specific ZFNs
(identified by in silicio analysis) were analyzed following ZFN treatment for cleavage
by the Cel-I mismatch assay. Each potential off target site was analyzed in 5 samples:
untransduced samples (UT), samples that were TRAC negative following TRAC-
specific ZFN treatment and sorting (TRAC neg), cells that were TRAC and TRBC
negative following sequential treatment with TRAC-specific ZFNs, the TRAC
transgene and TRBC-specific ZFNs with sequential rounds of sorting (Double Neg),
cells that were negative for the endogenous TRAC and TRBC loci following ZFN
treatment as well as modified to comprise non-wild type TRAC and TRBC
transgenes (Complete Edited), or TRBC negative following treatment with TRBC-
specific ZFNs alone and sorting (TRBC Neg). Potential off target sites are as labeled
in Table 12.

[0045] Figure 18 depicts analysis for off-target cleavage by TRBC-specific
ZFNs. 15 potential off target sites for the TRBC-specific ZNS (identified by in silicio
analysis) were analyzed following ZFN treatment for cleavage by the Cel-I mismatch
assay. Each potential off target site was analyzed in 5 samples: untransduced samples
(UT), samples that were TRAC negative following TRAC-specific ZFN treatment and
sorting (TRAC neg), cells that were TRAC and TRBC negative following sequential
treatment with TRAC-specific ZFNs, the TRAC transgene and TRBC-specific ZFNs
with sequential rounds of sorting (Double Neg), cells that were negative for the
endogenous TRAC and TRBC loci following ZFN treatment as well as modified to
comprise non-wild type TRAC and TRBC transgenes (Complete Edited), or TRBC
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negative following treatment with TRBC-specific ZFNs alone and sorting (TRBC
Neg). Off target sites are as labeled in Table 13. TRBC depicts modification of the
intended target site in these samples.

[0046] Figure 19, panels A to C, demonstrate expression of the NY-ESO1-
specific TCR and binding to the appropriate target. Figure 19A shows a comparison
of T cells transduced with the NY-ESO1 specific TCR (“Transfer”) to cells that prior
to TCR transduction, were first treated with TRAC-specific ZFNs to knock out the
endogenous TCR-alpha chain (“SE”) or cells that had both the TCR-alpha and the
TCR-beta chains knocked out prior (“CE”) prior to NY-ESO1 specific TCR
transduction. Expression of the specific TCR is shown in the three T cell populations.
Figure 19B shows the binding affinity for a dextramer comprised of NY-ESO1
peptides, and shows that the cell population that has had all the endogenous TCR
chains deleted (CE) has the highest binding affinity of the T cell populations tested.

© Figure 19C is a graph depicting the average of 3 consecutive experiments from 3

different donors. The left most bar shows “Transfer” results, the middle bar shows
“SE” results and the right most bar shows “CE” results.

[0047] Figure 20, panels A to D, depict binding and activity of the T cell
populations described in Figure 19. Figure 20A depicts the binding of the different T
cell groups against a peptide derived from the NY-ESO1 target, while Figure 20B
depicts binding of the T cells to myeloma cell lines that are either HLA-A2", NY-
ESO1" (MML1S, “A2-ESO-") or are HLA-A2+, NY-ESO1+ (U266, “A2+ESO+”).
Binding to the MMIS cell line was nearly undetectable. The T cells were then tested
for their ability to cause lysis of the proper cell target as analysed by a >'chromium
release assay, (Figures 20C and 20D) and increased lysis of the relevant target cell
was observed in comparison with the irrelevant cells by the edited TCR T cells. For
Figures 20A, C and D, untreated cells (UT) are are shown by e; Transfer cells are
shown by squares; SE cells are shown by A; CE cells are shown by V.

[0048] Figure 21, panels A and B, depict growth inhibition of cells in a co-
culture experiment by the different T cell populations. Figure 21A depicts growth
inhibition of the irrevelant MM1S cells that are HLA-A2-, NY-ESO1- in comparison
with the U266 HLA-A2+, NY-ESO1+ cells. Figure 21B demonstrates that the edited
T cells expand of 2 folds in the presence of the U266 HLA-A2+, NY-ESO1+ target.
[0049] Figure 22, panels A to D, are graphs depicting the alloreactivity of
NY-ESOT1 T-cells. Figure 22A shows the percent of cell lysis in the indicated cell
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types at the effector/target ratio of 50:1. Figure 22B shows results of an y-interferon
(y-IFN) ELISPOT assay in the indicated cells. Figure 22C shows the percent cell
lysis in the indicated cells pulsed with the NY-ESO-1 specific peptide while Figure
22D shows the lysis detected when the cells are not pulsed.

[0050] Figure 23, panels A and B, depict the percent of human Multiple
Myeloma CD138+ cells (hCD138+) in bone marrow of mice treated with the
indicated cells (Figure 23 A) and the pathological score (hCD3+ infiltration) in mice
treated with the indicated cells (Figure 23B).

[0051] Figure 24, panels A to C, depict TCR editing by ZFN-encoding
mRNA electroporation. Figure 24A depicts ZFN-induced TCR disruption at the
indicated dosages at day 5 or 20 days after ZFN electroporation into lymphocytes
using either TRAC-specific ZFN mRNAs (left graph) or TRBC-specific ZFN
mRNAs (right graph). Figure 24B depicts the fold increase in the number of treated
cells. TRAC-specific ZFN treated cells are shown in the left most graph; TRBC-ZFN
treated cells are shown in the middle graph and controls are shown in the right most
graph. “UT” refers to untreated cells; “UT+E” refers to mock electroporated cells.
Figure 24C shows the percentage of the indicated surface phenotypes at day 18 after
stimulation. TRAC-ZFN treated cells are shown in the left most graph; TRBC-ZFN
treated cells are shown in the middle graph and controls are shown in the right most
graph. T stem memory cells (TSCM) are defined as CD62L+ CD45RA+; T central
memory (TCM) as CD62L+ CD45RA-~; T effector memory (TEM) as CD62L-
CD45RA- and terminal effectors (TEMRA) as CD62L- CD45RA+. UT: untreated
cells; UT+E: mock electroporated cells; GFP: cells electroporated with GFP encoding
mRNA.

[0052] Figure 25, panels A to D, depict double TCR editing by ZFN mRNA
electroporation. Figure 25A shows a representative analysis to quantify the amount of
complete, TCR-alpha and TCR-beta edited cells in the CD3 negative fraction of the
co-treated cells. The fraction of single TCR-alpha or TCR-beta edited cells (shown in
the squares on right) was measured as percentage of transduced cells that restore
surface expression of the CD3 upon complementation with an exogenous TCR alpha
or beta gene. The amount of complete edited cells in the total CD3 negative
population is then calculated by subtracting the two percentages of single edited cells.
Figure 25B is a histogram showing the percentages of CD3 negative cells upon co-

electroporation of TRAC- and TRBC-specific ZFN encoding mRNAs containing the

20



10

15

20

25

30

WO 2014/153470 PCT/US2014/031360

obligated heterodimeric Fokl domains (ELD and KKR) or their respective
orthologous version (RDD and DRR) (left panel). The percentages of viable cells
(indicated on top of the histogram) were calculated as percentages of 7-Amino-
actinomycin D (7-AAD) negative cells gated on singlets. 7-AAD intercalates into
double-stranded nucleic acids. It is excluded by viable cells but can penetrate cell
membranes of dying or dead cells. The right panel of Figure 25B shows composition
of the edited cells in the CD3 negative fraction calculated using the LV reporter
strategy described above. The top portion of each bar shows the percent of completely
edited (30%, 40% and 49% from left to right); the middle portion of each bar shows
the percentage of beta edited cells (6%, 44% and 21% from left to right bars); and the
lower portion of each bar shows the percent of TCR-alpha edited cells (64%, 16% and
30% from left to right bars). Figure 25C shows the surface phenotype of T cells from
at day 18 after stimulation. Four phenotypes are shown: the bottom most portion of
each bar shows stem memory cells (TSCM) defined as CD62L+ CD45RA+; the
portion second from the bottom on each bar shows T central memory (TCM) as
CD62L+ CD45RA-; the portion second from the top of each bar shows T effector
memory (TEM) as CD62L- CD45RA- and the top most portion of each bar shows
terminal effectors (TEMRA) as CD62L- CD45RA+. “UT” refers to untreated cells.
Figure 25D shows growth curves of T cells co-electroporated with the indicated doses

of TRAC- and TRBC-specific ZFN mRNAs.

DETAILED DESCRIPTION
[0053] Disclosed herein are zinc finger nucleases (ZFNs) and TALENs
targeting a TCR gene (TCR-ZFNs and TCR-TALENSs). These nucleases efficiently

generate a double strand break (DSB), for example at a predetermined site in a TCR
coding region. ZFN- or TALEN-mediated introduction of a site-specific double
strand break (DSB) in genes that encode for the TCR gene can result in the specific
and permanent disruption of the endogenous TCR complex in human cells, including
human T cells. These cells can be selected from a pool by selecting for CD3(-) cells,
and culturing them on IL7 and IL15. In addition, disclosed herein are methods and
compositions for the replacement of the endogenous TCR genes with TCR transgenes

of one’s choice, either via random integration or by site directed targeted integration.
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General
[0054] Practice of the methods, as well as preparation and use of the
compositions disclosed herein employ, unless otherwise indicated, conventional
techniques in molecular biology, biochemistry, chromatin structure and analysis,
computational chemistry, cell culture, recombinant DNA and related fields as are
within the skill of the art. These techniques are fully explained in the literature. See,
for example, Sambrook ef al. MOLECULAR CLONING: A LABORATORY MANUAL,
Second edition, Cold Spring Harbor Laboratory Press, 1989 and Third edition, 2001;
Ausubel ef al., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons,
New York, 1987 and periodic updates; the series METHODS IN ENZYMOLOGY,
Academic Press, San Diego; Wolffe, CHROMATIN STRUCTURE AND FUNCTION, Third
edition, Academic Press, San Diego, 1998; METHODS IN ENZYMOLOGY, Vol. 304,
“Chromatin” (P.M. Wassarman and A. P. Wolffe, eds.), Academic Press, San Diego,
1999; and METHODS IN MOLECULAR BIOLOGY, Vol. 119, “Chromatin Protocols”
(P.B. Becker, ed.) Humana Press, Totowa, 1999.

Definitions
[0055] The terms "nucleic acid," "polynucleotide," and "oligonucleotide" are used
interchangeably and refer to a deoxyribonucleotide or ribonucleotide polymer, in linear or
circular conformation, and in either single- or double-stranded form. For the purposes of
the present disclosure, these terms are not to be construed as limiting with respect to the
length of a polymer. The terms can encompass known analogues of natural nucleotides, as
well as nucleotides that are modified in the base, sugar and/or phosphate moieties (e.g.,
phosphorothioate backbones). In general, an analogue of a particular nucleotide has the
same base-pairing specificity; i.e., an analogue of A will base-pair with T.
[0056] The terms "polypeptide," "peptide" and "protein” are used interchangeably
to refer to a polymer of amino acid residues. The term also applies to amino acid polymers
in which one or more amino acids are chemical analogues or modified derivatives of a
corresponding naturally-occurring amino acids.
[0057] "Binding" refers to a sequence-specific, non-covalent interaction
between macromolecules (e.g., between a protein and a nucleic acid). Not all
components of a binding interaction need be sequence-specific (e.g., contacts with
phosphate residues in a DNA backbone), as long as the interaction as a whole is

sequence-specific. Such interactions are generally characterized by a dissociation
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constant (Kg) of 10° M or lower. “Affinity” refers to the strength of binding:

increased binding affinity being correlated with a lower Kg.

[0058] A "binding protein" is a protein that is able to bind non-covalently to
another molecule. A binding protein can bind to, for example, a DNA molecule (a DNA-
binding protein), an RNA molecule (an RNA-binding protein) and/or a protein molecule (a
protein-binding protein). In the case of a protein-binding protein, it can bind to itself (to
form homodimers, homotrimers, efc.) and/or it can bind to one or more molecules of a
different protein or proteins. A binding protein can have more than one type of binding
activity. For example, zinc finger proteins have DNA-binding, RNA-binding and protein-
binding activity.

[0059] A "zinc finger DNA binding protein" (or binding domain) is a protein, or a
domain within a larger protein, that binds DNA in a sequence-specific manner through one
or more zinc fingers, which are regions of amino acid sequence within the binding domain
whose structure is stabilized through coordination of a zinc ion. The term zinc finger
DNA binding protein is often abbreviated as zinc finger protein or ZFP.

[0060] A “TALE DNA binding domain” or “TALE” is a polypeptide comprising
one or more TALE repeat domains/units. The repeat domains are involved in binding of
the TALE to its cognate target DNA sequence. A single “repeat unit” (also referred to as a
“repeat”) is typically 33-35 amino acids in length and exhibits at least some sequence
homology with other TALE repeat sequences within a naturally occurring TALE protein.
TALENS preferably include C-terminal and/or N-terminal truncations (e.g., C-cap and/or
N-cap). See, e.g, U.S. Patent No. 8,586,526, incorporated by reference herein in its
entirety.

[0061] Zinc finger andvTALE binding domains can be "engineered" to bind to

a predetermined nucleotide sequence, for example via engineering (altering one or

more amino acids) of the recognition helix region of a naturally occurring zinc finger

or TALE protein. Therefore, engineered DNA binding proteins (zinc fingers or

TALES) are proteins that are non-naturally occurring. Non-limiting examples of

methods for engineering DNA-binding proteins are design and selection. A designed
DNA binding protein is a protein not occurring in nature whose design/composition
results principally from rational criteria. Rational criteria for design include

application of substitution rules and computerized algorithms for processing

information in a database storing information of existing ZFP and/or TALE designs

and binding data. See, for example, U.S. Patent Nos. 8,586,526; 6,140,081,
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6,453,242; and 6,534,261; see also WO 98/53058; WO 98/53059; WO 98/53060;
WO 02/016536 and WO 03/016496.

[0062] A "selected" zinc finger protein or TALE is a protein not found in nature
whose production results primarily from an empirical process such as phage display,
interaction trap or hybrid selection. Seee.g., U.S. 8,586,526; 5,789,538; US 5,925,523;
US 6,007,988; US 6,013,453; US 6,200,759; WO 95/19431; WO 96/06166;

WO 98/53057; WO 98/54311; WO 00/27878; WO 01/60970 WO 01/88197,

WO 02/099084.

[0063] The term "sequence” refers to a nucleotide sequence of any length,
which can be DNA or RNA; can be linear, circular or branched and can be either
single-stranded or double stranded. The term "donor sequence" refers to a nucleotide
sequence that is inserted into a genome. A donor sequence can be of any length, for
example between 2 and 10,000 nucleotides in length (or any integer value
therebetween or thereabove), preferably between about 100 and 1,000 nucleotides in
length (or any integer therebetween), more preferably between about 200 and 500
nucleotides in length.

[0064] A "homologous, non-identical sequence" refers to a first sequence
which shares a degree of sequence identity with a second sequence, but whose
sequence is not identical to that of the second sequence. For example, a
polynucleotide comprising the wild-type sequence of a mutant gene is homologous
and non-identical to the sequence of the mutant gene. In certain embodiments, the
degree of homology between the two sequences is sufficient to allow homologous
recombination therebetween, utilizing normal cellular mechanisms. Two homologous
non-identical sequences can be any length and their degree of non-homology can be
as small as a single nucleotide (e.g., for correction of a genomic point mutation by
targeted homologous recombination) or as large as 10 or more kilobases (e.g., for
insertion of a gene at a predetermined ectopic site in a chromosome). Two
polynucleotides comprising the homologous non-identical sequences need not be the
same length. For example, an exogenous polynucleotide (i.e., donor polynucleotide)
of between 20 and 10,000 nucleotides or nucleotide pairs can be used.

[0065] Techniques for determining nucleic acid and amino acid sequence
identity are known in the art. Typically, such techniques include determining the
nucleotide sequence of the mRNA for a gene and/or determining the amino acid

sequence encoded thereby, and comparing these sequences to a second nucleotide or
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amino acid sequence. Genomic sequences can also be determined and compared in
this fashion. In general, identity refers to an exact nucleotide-to-nucleotide or amino
acid-to-amino acid correspondence of two polynucleotides or polypeptide sequences,
respectively. Two or more sequences (polynucleotide or amino acid) can be
compared by determining their percent identity. The percent identity of two
sequences, whether nucleic acid or amino acid sequences, is the number of exact
matches between two aligned sequences divided by the length of the shorter
sequences and multiplied by 100. An approximate alignment for nucleic acid
sequences is provided by the local homology algorithm of Smith and Waterman,
Advances in Applied Mathematics 2:482-489 (1981). This algorithm can be applied

to amino acid sequences by using the scoring matrix developed by Dayhoff, Atlas of

Protein Sequences and Structure, M.O. Dayhoff ed., 5 suppl. 3:353-358, National

Biomedical Research Foundation, Washington, D.C., USA, and normalized by
Gribskov, Nucl. Acids Res. 14(6):6745-6763 (1986). An exemplary implementation

of this algorithm to determine percent identity of a sequence is provided by the
Genetics Computer Group (Madison, WI) in the “BestFit” utility application. The
default parameters for this method are described in the Wisconsin Sequence Analysis
Package Program Manual, Version 8 (1995) (available from Genetics Computer
Group, Madison, WI). A preferred method of establishing percent identity in the
context of the present disclosure is to use the MPSRCH package of programs
copyrighted by the University of Edinburgh, developed by John F. Collins and Shane
S. Sturrok, and distributed by IntelliGenetics, Inc. (Mountain View, CA). From this
suite of packages the Smith-Waterman algorithm can be employed where default
parameters are used for the scoring table (for example, gap open penalty of 12, gap
extension penalty of one, and a gap of six). From the data generated the “Match”
value reflects sequence identity. Other suitable programs for calculating the percent
identity or similarity between sequences are generally known in the art, for example,
another alignment program is BLAST, used with default parameters. For example,
BLASTN and BLASTP can be used using the following default parameters: genetic
code = standard; filter = none; strand = both; cutoff = 60; expect = 10; Matrix =
BLOSUMBG62; Descriptions = 50 sequences; sort by = HIGH SCORE; Databases =
non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank CDS translations +
Swiss protein + Spupdate + PIR. Details of these programs can be found at the
following internet address: http://www.ncbi.nlm.gov/cgi-bin/BLAST. With respect to
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sequences described herein, the range of desired degrees of sequence identity is
approximately 80% to 100% and any integer value therebetween. Typically the
percent identities between sequences are at least 70-75%, preferably 80-82%, more
preferably 85-90%, even more preferably 92%, still more preferably 95%, and most
preferably 98% sequence identity.

[0066] Alternatively, the degree of sequence similarity between
polynucleotides can be determined by hybridization of polynucleotides under
conditions that allow formation of stable duplexes between homologous regions,
followed by digestion with single-stranded-specific nuclease(s), and size
determination of the digested fragments. Two nucleic acid, or two polypeptide
sequences are substantially homologous to each other when the sequences exhibit at
least about 70%-75%, preferably 80%-82%, more preferably 85%-90%, even more
preferably 92%, still more preferably 95%, and most preferably 98% sequence
identity over a defined length of the molecules, as determined using the methods
above. As used herein, substantially homologous also refers to sequences showing
complete identity to a specified DNA or polypeptide sequence. DNA sequences that
are substantially homologous can be identified in a Southern hybridization experiment
under, for example, stringent conditions, as defined for that particular system.
Defining appropriate hybridization conditions is within the skill of the art. See, e.g.,
Sambrook et al., supra; Nucleic Acid Hybridization: A Practical Approach, editors
B.D. Hames and S.J. Higgins, (1985) Oxford; Washington, DC; IRL Press).

[0067] Selective hybridization of two nucleic acid fragments can be
determined as follows. The degree of sequence identity between two nucleic acid
molecules affects the efficiency and strength of hybridization events between such
molecules. A partially identical nucleic acid sequence will at least partially inhibit the
hybridization of a completely identical sequence to a target molecule. Inhibition of
hybridization of the completely identical sequence can be assessed using
hybridization assays that are well known in the art (e.g., Southern (DNA) blot,
Northern (RNA) blot, solution hybridization, or the like, see Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, Second Edition, (1989) Cold Spring
Harbor, N.Y.). Such assays can be conducted using varying degrees of selectivity, for
example, using conditions varying from low to high stringency. If conditions of low
stringency are employed, the absence of non-specific binding can be assessed using a

secondary probe that lacks even a partial degree of sequence identity (for example, a
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probe having less than about 30% sequence identity with the target molecule), such
that, in the absence of non-specific binding events, the secondary probe will not
hybridize to the target.

[0068] When utilizing a hybridization-based detection system, a nucleic acid
probe is chosen that is complementary to a reference nucleic acid sequence, and then
by selection of appropriate conditions the probe and the reference sequence
selectively hybridize, or bind, to each other to form a duplex molecule. A nucleic
acid molecule that is capable of hybridizing selectively to a reference sequence under
moderately stringent hybridization conditions typically hybridizes under conditions
that allow detection of a target nucleic acid sequence of at least about 10-14
nucleotides in length having at least approximately 70% sequence identity with the
sequence of the selected nucleic acid probe. Stringent hybridization conditions
typically allow detection of target nucleic acid sequences of at least about 10-14
nucleotides in length having a sequence identity of greater than about 90-95% with
the sequence of the selected nucleic acid probe. Hybridization conditions useful for
probe/reference sequence hybridization, where the probe and reference sequence have
a specific degree of sequence identity, can be determined as is known in the art (see,
for example, Nucleic Acid Hybridization: A Practical Approach, editors B.D. Hames
and S.J. Higgins, (1985) Oxford; Washington, DC; IRL Press).

[0069] Conditions for hybridization are well-known to those of skill in the art.

Hybridization stringency refers to the degree to which hybridization conditions
disfavor the formation of hybrids containing mismatched nucleotides, with higher
stringency correlated with a lower tolerance for mismatched hybrids. Factors that
affect the stringency of hybridization are well-known to those of skill in the art and
include, but are not limited to, temperature, pH, ionic strength, and concentration of
organic solvents such as, for example, formamide and dimethylsulfoxide. As is
known to those of skill in the art, hybridization stringency is increased by higher
temperatures, lower ionic strength and lower solvent concentrations.

[0070] With respect to stringency conditions for hybridization, it is well
known in the art that numerous equivalent conditions can be employed to establish a
particular stringency by varying, for example, the following factors: the length and
nature of the sequences, base composition of the various sequences, concentrations of
salts and other hybridization solution components, the presence or absence of

blocking agents in the hybridization solutions (e.g., dextran sulfate, and polyethylene
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glycol), hybridization reaction temperature and time parameters, as well as, varying
wash conditions. The selection of a particular set of hybridization conditions is
selected following standard methods in the art (see, for example, Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, Second Edition, (1989) Cold Spring
Harbor, N.Y.).

[0071] "Recombination” refers to a process of exchange of genetic
information between two polynucleotides. For the purposes of this disclosure,
"homologous recombination (HR)" refers to the specialized form of such exchange
that takes place, for example, during repair of double-strand breaks in cells. This
process requires nucleotide sequence homology, uses a "donor" molecule to template

repair of a "target" molecule (i.e., the one that experienced the double-strand break),

. and is variously known as "non-crossover gene conversion" or "short tract gene

conversion," because it leads to the transfer of genetic information from the donor to
the target. Without wishing to be bound by any particular theory, such transfer can
involve mismatch correction of heteroduplex DNA that forms between the broken
target and the donor, and/or "synthesis-dependent strand annealing," in which the
donor 1s used to resynthesize genetic information that will become part of the target,
and/or related processes. Such specialized HR often results in an alteration of the
sequence of the target molecule such that part or all of the sequence of the donor
polynucleotide is incorporated into the target polynucleotide.

[0072] "Cleavage" refers to the breakage of the covalent backbone of a DNA
molecule. Cleavage can be initiated by a variety of methods including, but not limited
to, enzymatic or chemical hydrolysis of a phosphodiester bond. Both single-stranded
cleavage and double-stranded cleavage are possible, and double-stranded cleavage
can occur as a result of two distinct single-stranded cleavage events. DNA cleavage
can result in the production of either blunt ends or staggered ends. In certain
embodiments, fusion polypeptides are used for targeted double-stranded DNA
cleavage.

[0073] A "cleavage half-domain" is a polypeptide sequence which, in
conjunction with a second polypeptide (either identical or different) forms a complex
having cleavage activity (preferably double-strand cleavage activity). The terms “first
and second cleavage half-domains;” “+ and — cleavage half-domains” and “right and
left cleavage half-domains™ are used interchangeably to refer to pairs of cleavage half-

domains that dimerize.
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[0074] An “engineered cleavage half-domain” is a cleavage half-domain that
has been modified so as to form obligate heterodimers with another cleavage half-
domain (e.g., another engineered cleavage half-domain). See, also, U.S. Patent Nos.
7,888,121; 7,914,796; 8,034,598; 8,623,618 and U.S. Patent Publication No.
2011/0201055, incorporated herein by reference in their entireties.

[0075] The term "sequence" refers to a nucleotide sequence of any length,
which can be DNA or RNA; can be linear, circular or branched and can be either
single-stranded or double stranded. The term "donor sequence" refers to a nucleotide
sequence that is inserted into a genome. A donor sequence can be of any length, for
example between 2 and 10,000 nucleotides in length (or any integer value there
between or there above), preferably between about 100 and 1,000 nucleotides in
length (or any integer there between), more preferably between about 200 and 500
nucleotides in length.

[0076] "Chromatin" is the nucleoprotein structure comprising the cellular
genome. Cellular chromatin comprises nucleic acid, primarily DNA, and protein,
including histones and non-histone chromosomal proteins. The majority of
eukaryotic cellular chromatin exists in the form of nucleosomes, wherein a
nucleosome core comprises approximately 150 base pairs of DNA associated with an
octamer comprising two each of histones H2A, H2B, H3 and H4; and linker DNA (of
variable length depending on the organism) extends between nucleosome cores. A
molecule of histone H1 is generally associated with the linker DNA. For the purposes
of the present disclosure, the term “chromatin” is meant to encompass all types of
cellular nucleoprotein, both prokaryotic and eukaryotic. Cellular chromatin includes
both chromosomal and episomal chromatin.

[0077] A "chromosome," is a chromatin complex comprising all or a portion
of the genome of a cell. The genome of a cell is often characterized by its karyotype,
which is the collection of all the chromosomes that comprise the genome of the cell.
The genome of a cell can comprise one or more chromosomes.

[0078] An "episome" is a replicating nucleic acid, nucleoprotein complex or
other structure comprising a nucleic acid that is not part of the chromosomal
karyotype of a cell. Examples of episomes include plasmids and certain viral
genomes.

[0079] An "accessible region" is a site in cellular chromatin in which a target

site present in the nucleic acid can be bound by an exogenous molecule which
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recognizes the target site. Without wishing to be bound by any particular theory, it is
believed that an accessible region is one that is not packaged into a nucleosomal
structure. The distinct structure of an accessible region can often be detected by its
sensitivity to chemical and enzymatic probes, for example, nucleases.

[0080] A "target site" or "target sequence" is a nucleic acid sequence that
defines a portion of a nucleic acid to which a binding molecule will bind, provided
sufficient conditions for binding exist. For example, the sequence 5’-GAATTC-3’ is
a target site for the Eco RI restriction endonuclease.

[0081] A “safe harbor locus” is a location within a genome that can be used
for integrating exogenous nucleic acids. The addition of exogenous nucleic acids into
these safe harbor loci does not cause any significant effect on the growth of the host
cell by the addition of the DNA alone. Non-limiting examples of safe harbor genes
include, for example, a CCRS gene, a CXCR4 gene, a PPP1R12C (also known as
AAVSI1) gene, an albumin gene or a Rosa gene. See, e.g., U.S. Patent Nos. 7,951,925
and 8,110,379; U.S. Publication Nos. 201000218264; 20100291048; 20120017290;
20110265198; 20130137104; 20130122591; 20130177983 and 20130177960.

[0082] An "exogenous" molecule is a molecule that is not normally present in
a cell, but can be introduced into a cell by one or more genetic, biochemical or other
methods. “Normal presence in the cell” is determined with respect to the particular
developmental stage and environmental conditions of the cell. Thus, for example, a
molecule that is present only during embryonic development of muscle is an
exogenous molecule with respect to an adult muscle cell. Similarly, a molecule
induced by heat shock is an exogenous molecule with respect to a non-heat-shocked
cell. An exogenous molecule can comprise, for example, a functioning version of a
malfunctioning endogenous molecule or a malfunctioning version of a normally-
functioning endogenous molecule.

[0083] An exogenous molecule can be, among other things, a small molecule,
such as is generated by a combinatorial chemistry process, or a macromolecule such
as a protein, nucleic acid, carbohydrate, lipid, glycoprotein, lipoprotein,
polysaccharide, any modified derivative of the above molecules, or any complex
comprising one or more of the above molecules. Nucleic acids include DNA and
RNA, can be single- or double-stranded; can be linear, branched or circular; and can
be of any length. Nucleic acids include those capable of forming duplexes, as well as

triplex-forming nucleic acids. See, for example, U.S. Patent Nos. 5,176,996 and
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5,422,251. Proteins include, but are not limited to, DNA-binding proteins,
transcription factors, chromatin remodeling factors, methylated DNA binding
proteins, polymerases, methylases, demethylases, acetylases, deacetylases, kinases,
phosphatases, integrases, recombinases, ligases, topoisomerases, gyrases and
helicases.

[0084] An exogenous molecule can be the same type of molecule as an
endogenous molecule, e.g., an exogenous protein or nucleic acid. For example, an
exogenous nucleic acid can comprise an infecting viral genome, a plasmid or episome
introduced into a cell, or a chromosome that is not normally present in the cell.
Methods for the introduction of exogenous molecules into cells are known to those of
skill in the art and include, but are not limited to, lipid-mediated transfer (i.e.,
liposomes, including neutral and cationic lipids), electroporation, direct injection, cell
fusion, particle bombardment, calcium phosphate co-precipitation, DEAE-dextran-
mediated transfer and viral vector-mediated transfer.

[0085] By contrast, an "endogenous" molecule is one that is normally present
in a particular cell at a particular developmental stage under particular environmental
conditions. For example, an endogenous nucleic acid can comprise a chromosome,
the genome of a mitochondrion, chloroplast or other organelle, or a naturally-
occurring episomal nucleic acid. Additional endogenous molecules can include
proteins, for example, transcription factors and enzymes.

[0086] A "fusion" molecule is a molecule in which two or more subunit
molecules are linked, preferably covalently. The subunit molecules can be the same
chemical type of molecule, or can be different chemical types of molecules.
Examples of the first type of fusion molecule include, but are not limited to, fusion
proteins (for example, a fusion between a ZFP or TALE DNA-binding domain and a
cleavage domain) and fusion nucleic acids (for example, a nucleic acid encoding the
fusion protein described supra). Examples of the second type of fusion molecule
include, but are not limited to, a fusion between a triplex-forming nucleic acid and a
polypeptide, and a fusion between a minor groove binder and a nucleic acid.

[0087] Expression of a fusion protein in a cell can result from delivery of the
fusion protein to the cell or by delivery of a polynucleotide encoding the fusion
protein to a cell, wherein the polynucleotide is transcribed, and the transcript is
translated, to generate the fusion protein. Trans-splicing, polypeptide cleavage and

polypeptide ligation can also be involved in expression of a protein in a cell. Methods
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for polynucleotide and polypeptide delivery to cells are presented elsewhere in this
disclosure.

[0088] A "gene," for the purposes of the present disclosure, includes a DNA
region encoding a gene product (see infra), as well as all DNA regions which regulate
the production of the gene product, whether or not such regulatory sequences are
adjacent to coding and/or transcribed sequences. Accordingly, a gene includes, but is
not necessarily limited to, promoter sequences, terminators, translational regulatory
sequences such as ribosome binding sites and internal ribosome entry sites, enhancers,
silencers, insulators, boundary elements, replication origins, matrix attachment sites
and locus control regions.

[0089] "Gene expression” refers to the conversion of the information,
contained in a gene, into a gene product. A gene product can be the direct
transcriptional product of a gene (e.g., mRNA, tRNA, rRNA, antisense RNA,
ribozyme, structural RNA or any other type of RNA) or a protein produced by
translation of a mRNA. Gene products also include RNAs which are modified, by
processes such as capping, polyadenylation, methylation, and editing, and proteins
modified by, for example, methylation, acetylation, phosphorylation, ubiquitination,
ADP-ribosylation, myristilation, and glycosylation.

[0090] "Modulation" of gene expression refers to a change in the activity of a
gene. Modulation of expression can include, but is not limited to, gene activation and
gene repression. Modulation may also be complete, i.e., wherein gene expression is
totally inactivated or is activated to wild-type levels or beyond; or it may be partial,
wherein gene expression is partially reduced, or partially activated to some fraction of
wildtype levels.

[0091] "Eucaryotic" cells include, but are not limited to, fungal cells (such as
yeast), plant cells, animal cells, mammalian cells and human cells (e.g., T-cells).
[0092] A "region of interest" is any region of cellular chromatin, such as, for
example, a gene or a non-coding sequence within or adjacent to a gene, in which it is
desirable to bind an exogenous molecule. Binding can be for the purposes of targeted
DNA cleavage and/or targeted recombination. A region of interest can be present in a
chromosome, an episome, an organellar genome (e.g., mitochondrial, chloroplast), or
an infecting viral genome, for example. A region of interest can be within the coding
region of a gene, within transcribed non-coding regions such as, for example, leader

sequences, trailer sequences or introns, or within non-transcribed regions, either
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upstream or downstream of the coding region. A region of interest can be as small as
a single nucleotide pair or up to 2,000 nucleotide pairs in length, or any integral value
of nucleotide pairs.

[0093] The terms "operative linkage" and "operatively linked" (or “operably
linked”) are used interchangeably with reference to a juxtaposition of two or more
components (such as sequence elements), in which the components are arranged such
that both components function normally and allow the possibility that at least one of
the components can mediate a function that is exerted upon at least one of the other
components. By way of illustration, a transcriptional regulatory sequence, such as a
promoter, is operatively linked to a coding sequence if the transcriptional regulatory
sequence controls the level of transcription of the coding sequence in response to the
presence or absence of one or more transcriptional regulatory factors. A
transcriptional regulatory sequence is generally operatively linked in cis with a coding
sequence, but need not be directly adjacent to it. For example, an enhancer is a
transcriptional regulatory sequence that is operatively linked to a coding sequence,
even though they are not contiguous.

[0094] With respect to fusion polypeptides, the term "operatively linked" can
refer to the fact that each of the components performs the same function in linkage to
the other component as it would if it were not so linked. For example, with respect to
a fusion polypeptide in which a DNA-binding domain (ZFP, TALE) is fused to a
cleavage domain (e.g., endonuclease domain such as Fokl, meganuclease domain,
etc.), the DNA-binding domain and the cleavage domain are in operative linkage if, in
the fusion polypeptide, the DNA-binding domain portion is able to bind its target site
and/or its binding site, while the cleavage (nuclease) domain is able to cleave DNA in
the vicinity of the target site. The nuclease domain may also exhibit DNA-binding
capability (e.g., a nuclease fused to a ZFP or TALE domain that also can bind to
DNA). Similarly, with respect to a fusion polypeptide in which a DNA-binding
domain is fused to an activation or repression domain, the DNA-binding domain and
the activation or repression domain are in operative linkage if, in the fusion
polypeptide, the DNA-binding domain portion is able to bind its target site and/or its
binding site, while the activation domain is able to upregulate gene expression or the
repression domain is able to downregulate gene expression. ‘
[0095] A "functional fragment" of a protein, polypeptide or nucleic acid is a

protein, polypeptide or nucleic acid whose sequence is not identical to the full-length
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protein, polypeptide or nucleic acid, yet retains the same function as the full-length
protein, polypeptide or nucleic acid. A functional fragment can possess more, fewer,
or the same number of residues as the corresponding native molecule, and/or can
contain one ore more amino acid or nucleotide substitutions. Methods for
determining the function of a nucleic acid (e.g., coding function, ability to hybridize
to another nucleic acid) are well-known in the art. Similarly, methods for determining
protein function are well-known. For example, the DNA-binding function of a
polypeptide can be determined, for example, by filter-binding, electrophoretic
mobility-shift, or immunoprecipitation assays. DNA cleavage can be assayed by gel
electrophoresis. See Ausubel et al,, supra. The ability of a protein to interact with
another protein can be determined, for example, by co-immunoprecipitation, two-
hybrid assays or complementation, both genetic and biochemical. See, for example,
Fields ef al. (1989) Nature 340:245-246; U.S. Patent No. 5,585,245 and PCT WO
98/44350.

[0096] A "vector" is capable of transferring gene sequences to target cells.
Typically, "vector construct," "expression vector," and "gene transfer vector," mean
any nucleic acid construct capable of directing the expression of a gene of interest and
which can transfer gene sequences to target cells. Thus, the term includes cloning, and

expression vehicles, as well as integrating vectors.

Nucleases
[0097] Described herein are nucleases (e,g., ZFNs or TALE nucleases) that can
be used for inactivation of a TCR gene The nuclease may be naturally occurring or
may be a chimera of a DNA-binding domain and a cleavage domain. It will be
apparent that within the chimera, the component DNA-binding and cleavage domains
may both be naturally occurring, may both be non-naturally occurring or one may be
naturally occurring and the other may be non-naturally occurring.
[0098] Thus, any nuclease can be used in the methods disclosed herein. For
example, naturally-occurring homing endonucleases and meganucleases have very
long recognition sequences, some of which are likely to be present, on a statistical
basis, once in a human-sized genome. Exemplary homing endonucleases include I-
Scel, I-Ceul, PI-Pspl, PI-Sce, 1-ScelV, I-Csml, 1-Panl, 1-Scell, I-Ppol, 1-Scelll, I-
Crel, I-Tevl, I-TevIl and I-TevIIl. Their recognition sequences are known. See also

U.S. Patent No. 5,420,032; U.S. Patent No. 6,833,252; Belfort et al. (1997) Nucleic
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Acids Res. 25:3379-3388; Dujon et al. (1989) Gene 82:115-118; Perler ef al. (1994)
Nucleic Acids Res. 22, 1125-1127; Jasin (1996) Trends Genet. 12:224-228; Gimble
et al. (1996) J. Mol. Biol. 263:163-180; Argast et al. (1998) J. Mol. Biol. 280:345—
353 and the New England Biolabs catalogue.

[0099] It has also been reported that the specificity of homing endonucleases
and meganucleases can be engineered to bind non-natural target sites. See, for
example, Chevalier ef al. (2002) Molec. Cell 10:895-905; Epinat et al. (2003) Nucleic
Acids Res. 31:2952-2962; Ashworth et al. (2006) Nature 441:656-659; Paques ef al.
(2007) Current Gene Therapy 7:49-66. The DNA-binding domains of the homing
endonucleases and meganucleases may be altered in the context of the nuclease as a
whole (i.e., such that the nuclease includes the cognate cleavage domain) or may be
fused to a heterologous DNA-binding domain (e.g., zinc finger protein or TALE) or to
a heterologous cleavage domain. DNA-binding domains derived from meganucleases
may also exhibit DNA-binding activity.

[0100] In certain embodiments, the nuclease comprises a zinc finger DNA-
binding domain and a restriction endonuclease nuclease domain, also referred to as as
zinc finger nucleases (ZFNs).

[0101] In other embodiments, the nuclease comprises an engineered TALE
DNA-binding domain and a nuclease domain (e.g., endonuclease and/or
meganuclease domain), also referred to as TALENs. Methods and compositions for
engineering these TALEN proteins for robust, site specific interaction with the target
sequence of the user’s choosing have been published (see U.S. Patent No. 8,586,526).
In some embodiments, the TALEN comprises a endonuclease (e.g., Fokl) cleavage
domain or cleavage half-domain. In other embodiments, the TALE-nuclease is a
mega TAL. These mega TAL nucleases are fusion proteins comprising a TALE DNA
binding domain and a meganuclease cleavage domain. The meganuclease cleavage
domain is active as a monomer and does not require dimerization for activity. (See
Boissel et al., (2013) Nucl Acid Res: 1-13, doi: 10.1093/nar/gkt1224). In addition, the
nuclease domain may also exhibit DNA-binding functionality.

[0102] In still further embodiments, the nuclease comprises a compact
TALEN (cTALEN). These are single chain fusion proteins linking a TALE DNA
binding domain to a Tevl nuclease domain. The fusion protein can act as either a
nickase localized by the TALE region, or can create a double strand break, depending
upon where the TALE DNA binding domain is located with respect to the Tevl
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nuclease domain (see Beurdeley ef al (2013) Nat Comm: 1-8 DOI:
10.1038/mcomms2782). Any TALENs may be used in combination with additional
TALENS (e.g., one or more TALENs (cTALENs or FokI-TALENSs) with one or more
mega-TALs).

[0103] Thus, any naturally occurring or engineered nuclease having a unique

target site can be used in the methods described herein.

A. DNA-Binding domains

[0104] The nucleases described herein typically include a DNA-binding
domain and a cleavage domain. Any DNA-binding domain can be used in the
practice of the present invention, including but not limited to a zinc finger DNA-
binding domain, a TALE DNA binding domain, or a DNA-binding domain from a
meganuclease.

[0105] In certain embodiments, zinc finger binding domains that are
engineered to bind to a sequence of choice are employed. See, for example, Beerli et
al. (2002) Nature Biotechnol. 20:135-141; Pabo et al. (2001) Ann. Rev. Biochem.
70:313-340; Isalan et al. (2001) Nature Biotechnol. 19:656-660; Segal et al. (2001)
Curr. Opin. Biotechnol. 12:632-637; Choo et al. (2000) Curr. Opin. Struct. Biol.
10:411-416. Similarly, a TALE DNA-binding domain can be engineered to bind to a
sequence of choice. See, e.g., 8,586,526. Engineered zinc finger or TALE DNA
binding domains can have a novel binding specificity, compared to a naturally-
occurring zinc finger or TALE protein. Engineering methods include, but are not
limited to, rational design and various types of selection. Rational design includes,
for example, using databases comprising triplet (or quadruplet) nucleotide sequences
and individual zinc finger amino acid sequences, in which each triplet or quadruplet
nucleotide sequence is associated with one or more amino acid sequences of zinc
fingers which bind the particular triplet or quadruplet sequence. See, for example, co-
owned U.S. Patents 8,586,526; 6,453,242 and 6,534,261, incorporated by reference
herein in their entireties.

[0106] Exemplary selection methods, including phage display and two-hybrid
systems, are disclosed in US Patents 5,789,538; 5,925,523; 6,007,988; 6,013,453;
6,410,248; 6,140,466; 6,200,759; and 6,242,568; as well as WO 98/37186;

WO 98/53057;, WO 00/27878; WO 01/88197 and GB 2,338,237 Enhancement of
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binding specificity for zinc finger binding domains has been described, for example,

in co-owned WO 02/077227.

[0107] In other embodiments, the DNA binding domain comprises a TALE DNA
binding domain (see, co-owned U.S. Patent No. 8,586,526, incorporated by reference in its
entirety herein). A TALE DNA-binding domain comprises one or more TALE “repeat
units.” A single “repeat unit” (also referred to as a “repeat™) is typically 33-35 amino
acids in length, where positions 12 and/or 13 (referred to as hypervariable diresidue region
or “RVD?”) are involved in binding to a DNA nucleotide. An “atypical” RVD is an RVD
sequence (positions 12 and 13) that occurs infrequently or never in nature, for example, in
less than 5% of naturally occurring TALE proteins, preferably in less than 2% of naturally
occurring TALE proteins and even more preferably less than 1% of naturally occurring
TALE proteins. An atypical RVD can be non-naturally occurring. The TALE DNA-
binding domains preferably include a C-cap sequence and, optionally, an N-cap sequence.
The “cap” sequences are preferably a fragment (truncation) of a polypeptide found in full-
length TALE proteins, for example any truncation of a C- and/or N-terminal region
flanking the TALE repeat domain in a naturally occurring TALE protein. The C-cap may
be, for example, truncations as compared to a wild-type C-terminal TALE protein (which
is numbered as starting at C-20) including but not limited, C-19, C-18, C-17, C-16, C-15,
C-14, C-13, C-12, C-11, C-10, C-9, C-8, C-7, C-6, C-5, C-4, C-3, C-2, C-1, increments to
C+1, and then increments to C+2, C+3, etc. towards the C-terminus of the polypeptide
(e.g., C+63, which is 83 amino acids in length as it extends from C-20 to C+63).

[0108] In addition, as disclosed in these and other references, zinc finger

domains and/or multi-fingered zinc finger proteins or TALEs may be linked together
using any suitable linker sequences, including for example, linkers of 5 or more

amino acids in length. See, also, U.S. Patent Nos. 6,479,626; 6,903,185; and

7,153,949 for exemplary linker sequences 6 or more amino acids in length. The

proteins described herein may include any combination of suitable linkers between

the individual zinc fingers of the protein. In addition, enhancement of binding

specificity for zinc finger binding domains has been described, for example, in U.S.
Patent No. 6,794,136. .

[0109] Selection of target sites; ZFPs or TALEs and methods for design and
construction of fusion proteins (and polynucleotides encoding same) are known to

those of skill in the art and described in detail in U.S. Patent Nos. 6,140,081;

5,789,538; 6,453,242; 6,534,261; 5,925,523; 6,007,988; 6,013,453; 6,200,759;
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WO 95/19431; WO 96/06166; WO 98/53057; WO 98/54311; WO 00/27878;

WO 01/60970 WO 01/88197; WO 02/099084; WO 98/53058; WO 98/53059;

WO 98/53060; WO 02/016536 and WO 03/016496, the disclosures of which are
incorporated by reference in their entireties for all purposes.

[0110] In addition, as disclosed in these and other references, zinc finger
domains and/or multi-fingered zinc finger proteins may be linked together using any
suitable linker sequences, including for example, linkers of 5 or more amino acids in
length. See, also, U.S. Patent Nos. 6,479,626; 6,903,185; and 7,153,949 for
exemplary linker sequences 6 or more amino acids in length. The proteins described
herein may include any combination of suitable linkers between the individual zinc
fingers of the protein.

[0111] Alternatively, the DNA-binding domain may be derived from a
nuclease. For example, the recognition sequences of homing endonucleases and
meganucleases such as [-Scel, I-Ceul, PI-Pspl, PI-Sce, 1-ScelV, I-Csml, I-Panl, 1-
Scell, I-Ppol, 1-Scelll, I-Crel, I-Tevl, I-Tevil and I-TevIll are known. See also U.S.
Patent No. 5,420,032; U.S. Patent No. 6,833,252; Belfort et al.(1997) Nucleic Acids
Res. 25:3379-3388; Dujon et al. (1989) Gene 82:115-118; Perler et al. (1994)
Nucleic Acids Res. 22, 1125-1127; Jasin (1996) Trends Genet. 12:224-228; Gimble
et al. (1996) J. Mol. Biol. 263:163—180; Argastet al. (1998) J. Mol. Biol. 280:345—
353 and the New England Biolabs catalogue. In addition, the DNA-binding
specificity of homing endonucleases and meganucleases can be engineered to bind
non-natural target sites. See, for example, Chevalier et al. (2002) Molec. Cell 10:895-
905; Epinat et al. (2003) Nucleic Acids Res. 31:2952-2962; Ashworth et al. (2006)
Nature 441:656-659; Paques et al. (2007) Current Gene Therapy 7:49-66; U.S.
Patent Publication No. 20070117128.

[0112] In certain embodiments, the DNA binding domain is an engineered
zinc finger protein that typically includes at least one zinc finger but can include a
plurality of zinc fingers (e.g., 2, 3, 4, 5, 6 or more fingers). Usually, the ZFPs include
at least three fingers. Certain of the ZFPs include four, five or six fingers. The ZFPs
that include three fingers typically recognize a target site that includes 9 or 10
nucleotides; ZFPs that include four fingers typically recognize a target site that
includes 12 to 14 nucleotides; while ZFPs having six fingers can recognize target sites

that include 18 to 21 nucleotides. The ZFPs can also be fusion proteins that include
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one or more regulatory domains, wherein these regulatory domains can be
transcriptional activation or repression domains.

[0113] In other embodiments, the DNA-binding domain comprises a naturally
occurring or engineered (non-naturally occurring) TAL effector DNA binding
domain. See, e.g., U.S. Patent No. 8,586,526, incorporated by reference in its entirety
herein. The plant pathogenic bacteria of the genus Xanthomonas are known to cause
many diseases in important crop plants. Pathogenicity of Xanthomonas depends on a
conserved type III secretion (T3S) system which injects more than 25 différent
effector proteins into the plant cell. Among these injected proteins are transcription
activator-like effectors (TALE) which mimic plant transcriptional activators and
manipulate the plant transcriptome (see Kay et al (2007) Science318:648-651 and
U.S. Patent Publication No. 20110239315). These proteins contain a DNA binding
domain and a transcriptional activation domain. One of the most well characterized
TALESs is AvrBs3 from Xanthomonas campestgris pv. Vesicatoria (see Bonas et al
(1989) Mol Gen Genet 218: 127-136 and W02010079430). TALEs contain a
centralized domain of tandem repeats, each repeat containing approximately 34 amino
acids, which are key to the DNA binding specificity of these proteins. In addition,
they contain a nuclear localization sequence and an acidic transcriptional activation
domain (for a review see Schornack S, ef al (2006) J Plant Physiol 163(3): 256-272).
In addition, in the phytopathogenic bacteria Ralstonia solanacearum two genes,
designated brgl1 and hpx17 have been found that are homologous to the AvrBs3
family of Xanthomonas in the R. solanacearum biovar 1 strain GMI1000 and in the
biovar 4 strain RS1000 (See Heuer et al (2007) Appl and Envir Micro 73(13): 4379-
4384). These genes are 98.9% identical in nucleotide sequence to each other but differ
by a deletion of 1,575 bp in the repeat domain of hpx17. However, both gene products
have less than 40% sequence identity with AvrBs3 family proteins of Xanthomonas.
The zinc finger nucleases described herein bind in a TCR gene. Tables 5 and 6 (see
Example 4) describe a number of zinc finger binding domains that have been
engineered to bind to nucleotide sequences in the human TCR gene. Each row
describes a separate zinc finger DNA-binding domain. The DNA target sequence for
each domain is shown in the first column (DNA target sites indicated in uppercase
letters; non-contacted nucleotides indicated in lowercase), and the second through
fifth columns show the amino acid sequence of the recognition region (amino acids -1

through +6, with respect to the start of the helix) of each of the zinc fingers (F1
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through F4 or F5 or F6) in the protein. Also provided in the first column is an
identification number for each protein.

[0114] Also described are TALENS that bind in a TCR gene. Table 14 (see,
Example 10) describe TALENS that have been engineered to bind to a nucleotide
sequence in a human TCR gene. Each row describes a separate TALE DNA binding
protein with the indicated number of RVD-containing domains. The DNA target
sequence for each domain is shown in the first column (DNA target sites indicated in
uppercase letters; non-contacted nucleotides are in lowercase). Also provided in the
first column is an identification number for each protein.

[0115] As described below, in certain embodiments, a four- or five-finger
binding domain as shown in Tables 5 and 6, or a TALE DNA binding domain as
shown in Table 14 is fused to a cleavage half-domain, such as, for example, the
cleavage domain of a Type IIs restriction endonuclease such as Fokl. A pair of such
zinc finger or TALE/nuclease half-domain fusions are used for targeted cleavage, as
disclosed, for example, in U.S. Patent No. 8,586,526 and U.S. Publication No.
20050064474, |

[0116] For targeted cleavage, the near edges of the binding sites can separated
by 5 or more nucleotide pairs, and each of the fusion proteins can bind to an opposite
strand of the DNA target.

[0117] In addition, domains from these naturally occurring or engineered
nucleases can also be isolated and used in various combinations. For example, the
DNA-binding domain from a naturally occurring or engineered homing
endonucleases or meganuclease can be fused to a heterologous cleavage domain or
half domain (e.g., from another homing endonuclease, meganuclease or TypellS
endonuclease). These fusion proteins can also be used in combination with zinc
finger nucleases described above.

[0118] The nucleases described herein can be targeted to any sequence in any

TCR genomic sequence.

B. Cleavage Domains

[0119] The nuclease may comprise heterologous DNA-binding and cleavage
domains (e.g., zinc finger nucleases; TALENs, meganuclease DNA-binding domains
with heterologous cleavage domains) or, alternatively, the DNA-binding domain of a

naturally-occurring nuclease may be altered to bind to a selected target site (e.g., a
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meganuclease that has been engineered to bind to site different than the cognate
binding site). In certain embodiments, the nuclease is a meganuclease (homing
endonuclease). Naturally-occurring meganucleases recognize 15-40 base-pair
cleavage sites and are commonly grouped into four families: the LAGLIDADG
family, the GIY-YIG family, the His-Cyst box family and the HNH family.
Exemplary homing endonucleases include I-Scel, I-Ceul, PI-Pspl, PI-Sce, I-Scel V, I-
Csml, I-Panl, 1-Scell, I-Ppol, I-Scelll, I-Crel, I-Tevl, I-TevII and I-TevIIl. Their
recognition sequences are known. See also U.S. Patent No. 5,420,032; U.S. Patent
No. 6,833,252; Belforter al.(1997) Nucleic Acids Res.25:3379-3388; Dujon et al.
(1989) Gene82:115-118; Perler et al. (1994) Nucleic Acids Res. 22, 1125-1127;
Jasin (1996) Trends Genet.12:224-228; Gimble et al. (1996) J. Mol. Biol.263:163—
180; Argastet al. (1998) J. Mol. Biol.280:345-353 and the New England Biolabs
catalogue.

[0120] DNA-binding domains from naturally-occurring meganucleases,
primarily from the LAGLIDADG family, have been used to promote site-specific
genome modification in plants, yeast, Drosophila, mammalian cells and mice, but this
approach has been limited to the modification of either homologous genes that
conserve the meganuclease recognition sequence (Monet ef al. (1999), Biochem.
Biophysics. Res. Common. 255: 88-93) or to pre-engineered genomes into which a
recognition sequence has been introduced (Route ef al. (1994), Mol. Cell. Biol. 14:
8096-106; Chilton et al. (2003), Plant Physiology. 133: 956-65; Puchtaet al. (1996),
Proc. Natl. Acad. Sci. USA 93: 5055-60; Rong et al. (2002), Genes Dev. 16: 1568-81;
Gouble et al. (2006), J. Gene Med. 8(5):616-622). Accordingly, attempts have been
made to engineer meganucleases to exhibit novel binding specificity at medically or
biotechnologically relevant sites (Porteus ef al. (2005), Nat. Biotechnol. 23: 967-73;
Sussman et al. (2004), J. Mol. Biol. 342: 31-41; Epinat et al. (2003), Nucleic Acids
Res. 31: 2952-62; Chevalier et al. (2002) Molec. Cell10:895-905; Ashworth et al.
(2006) Nature 441:656-659; Paques et al. (2007) Current Gene Therapy 7:49-66;
U.S. Patent Publication Nos. 20070117128; 20060206949; 20060153 826;
20060078552; and 20040002092). In addition, naturally-occurring or engineered
DNA-binding domains from meganucleases have also been operably linked with a

cleavage domain from a heterologous nuclease (e.g., Fokl).

41



10

15

20

25

30

WO 2014/153470 PCT/US2014/031360

[0121] In other embodiments, the nuclease is a zinc finger nuclease (ZFN).
ZFNs comprise a zinc finger protein that has been engineered to bind to a target site in
a gene of choice and cleavage domain or a cleavage half-domain.

[0122] As noted above, zinc finger binding domains can be engineered to bind
to a sequence of choice. See, for example, Beerli ef al. (2002) Nature Biotechnol.
20:135-141; Pabo et al. (2001) Ann. Rev. Biochem.70:313-340; Isalan et al.(2001)
Nature Biotechnol. 19:656-660; Segal et al.(2001) Curr. Opin. Biotechnol.12:632-
637; Choo et al. (2000) Curr. Opin. Struct. Biol. 10:411-416. An engineered zinc
finger binding domain can have a novel binding specificity, compared to a naturally-
occurring zinc finger protein. Engineering methods include, but are not limited to,
rational design and various types of selection. Rational design includes, for example,
using databases comprising triplet (or quadruplet) nucleotide sequences and
individual zinc finger amino acid sequences, in which each triplet or quadruplet
nucleotide sequence is associated with one or more amino acid sequences of zinc
fingers which bind the particular triplet or quadruplet sequence. See, for example,
U.S. Patents 6,453,242 and 6,534,261, incorporated by reference herein in their
entireties.

[0123] Exemplary selection methods, including phage display and two-hybrid
systems, are disclosed in US Patents 5,789,538; 5,925,523; 6,007,988; 6,013,453;
6,410,248; 6,140,466; 6,200,759; and 6,242,568; as well as WO 98/37186;

WO 98/53057; WO 00/27878; WO 01/88197 and GB 2,338,237. In addition,
enhancement of binding specificity for zinc finger binding domains has been
described, for example, in U.S. Patent No. 6,794,136.

[0124] Selection of target sites; ZFNs and methods for design and
construction of fusion proteins (and polynucleotides encoding same) are known to
those of skill in the art and described in detail in U.S. Patent Nos. 7,888,121 and
8,409,861, incorporated by reference in their entireties herein.

[0125] In addition, as disclosed in these and other references, zinc finger
domains and/or multi-fingered zinc finger proteins may be linked together using any
suitable linker sequences, including for example, linkers of 5 or more amino acids in
length. See, e.g., U.S. Patent Nos. 6,479,626; 6,903,185; and 7,153,949 for
exemplary linker sequences 6 or more amino acids in length. The proteins described
herein may include any combination of suitable linkers between the individual zinc

fingers of the protein.
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[0126] In some embodiments, the nuclease is an engineered TALEN.
Methods and compositions for engineering these proteins for robust, site specific
interaction with the target sequence of the user’s choosing have been published (see
U.S. Patent No. 8,586,526).

[0127] Nucleases such as ZFNs, TALENs and/or meganucleases also
comprise a nuclease (cleavage domain, cleavage half-domain). As noted above, the
cleavage domain may be heterologous to the DNA-binding domain, for example a
zinc finger or TALE DNA-binding domain and a cleavage domain from a nuclease or
a meganuclease DNA-binding domain and cleavage domain from a different nuclease.
Heterologous cleavage domains can be obtained from any endonuclease or
exonuclease. Exemplary endonucleases from which a cleavage domain can be
derived include, but are not limited to, restriction endonucleases and homing
endonucleases. See, for example, 2002-2003 Catalogue, New England Biolabs,
Beverly, MA; and Belfort et al. (1997) Nucleic Acids Res. 25:3379-3388. Additional
enzymes which cleave DNA are known (e.g., S1 Nuclease; mung bean nuclease;
pancreatic DNase I; micrococcal nuclease; yeast HO endonuclease; see also Linn et
al. (eds.) Nucleases, Cold Spring Harbor Laboratory Press,1993). One or more of
these enzymes (or functional fragments thereof) can be used as a source of cleavage
domains and cleavage half-domains.

[0128] Similarly, a cleavage half-domain can be derived from any nuclease or
portion thereof, as set forth above, that requires dimerization for cleavage activity. In
general, two fusion proteins are required for cleavage if the fusion proteins comprise
cleavage half-domains. Alternatively, a single protein comprising two cleavage half-
domains can be used. The two cleavage half-domains can be derived from the same
endonuclease (or functional fragments thereof), or each cleavage half-domain can be
derived from a different endonuclease (or functional fragments thereof). In addition,
the target sites for the two fusion proteins are preferably disposed, with respect to
each other, such that binding of the two fusion proteins to their respective target sites
places the cleavage half-domains in a spatial orientation to each other that allows the
cleavage half-domains to form a functional cleavage domain, e.g., by dimerizing.
Thus, in certain embodiments, the near edges of the target sites are separated by 5-8
nucleotides or by 15-18 nucleotides. However any integral number of nucleotides or
nucleotide pairs can intervene between two target sites (e.g., from 2 to 50 nucleotide

pairs or more). In general, the site of cleavage lies between the target sites.
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[0129] One or more of these enzymes (or functional fragments thereof) can be
used as a source of cleavage domains and cleavage half-domains. Similarly, a
cleavage half-domain can be derived from any nuclease or portion thereof, as set forth
above, that requires dimerization for cleavage activity. In general, two fusion proteins
are required for cleavage if the fusion proteins comprise cleavage half-domains.
Alternatively, a single protein comprising two cleavage half-domains can be used.
The two cleavage half-domains can be derived from the same endonuclease (or
functional fragments thereof), or each cleavage half-domain can be derived from a
different endonuclease (or functional fragments thereof). In addition, the target sites
for the two fusion proteins are preferably disposed, with respect to each other, such
that binding of the two fusion proteins to their respective target sites places the
cleavage half-domains in a spatial orientation to each other that allows the cleavage
half-domains to form a functional cleavage domain, e.g., by dimerizing. Thus, in
certain embodiments, the near edges of the target sites are separated by 5-8
nucleotides or by 15-18 nucleotides. However any integral number of nucleotides or
nucleotide pairs can intervene between two target sites (e.g., from 2 to 50 nucleotide
pairs or more). In general, the site of cleavage lies between the target sites.

[0130] Restriction endonucleases (restriction enzymes) are present in many
species and are capable of sequence-specific binding to DNA (at a recognition site),
and cleaving DNA at or near the site of binding. Certain restriction enzymes (e.g.,
Type IIS) cleave DNA at sites removed from the recognition site and have separable
binding and cleavage domains. For example, the Type IIS enzyme Fok I catalyzes
double-stranded cleavage of DNA, at 9 nucleotides from its recognition site on one
strand and 13 nucleotides from its recognition site on the other. See, for example,
U.S. Patents 5,356,802; 5,436,150 and 5,487,994; as well as Li et al. (1992) Proc.
Natl. Acad. Sci. USA 89:4275-4279; Li et al. (1993) Proc. Natl. Acad. Sci. USA
90:2764-2768; Kim et al. (1994a) Proc. Natl. Acad. Sci. USA 91:883-887; Kim et al.
(1994b) J. Biol. Chem. 269:31,978-31,982. Thus, in one embodiment, fusion proteins
comprise the cleavage domain (or cleavage half-domain) from at least one Type IIS
restriction enzyme and one or more zinc finger binding domains, which may or may
not be engineered.

[0131] An exemplary Type IIS restriction enzyme, whose cleavage domain is
separable from the binding domain, is Fok I. This particular enzyme is active as a

dimer. Bitinaite et al. (1998) Proc. Natl. Acad. Sci. USA 95: 10,570-10,575.
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Accordingly, for the purposes of the present disclosure, the portion of the Fok I
enzyme used in the disclosed fusion proteins is considered a cleavage half-domain.
Thus, for targeted double-stranded cleavage and/or targeted replacement of cellular
sequences using zinc finger-Fok I fusions, two fusion proteins, each comprising a
Fokl cleavage half-domain, can be used to reconstitute a catalytically active cleavage
domain. Alternatively, a single polypeptide molecule containing a zinc finger binding
domain and two Fok I cleavage half-domains can also be used. Parameters for
targeted cleavage and targeted sequence alteration using zinc finger-Fok I fusions are
provided elsewhere in this disclosure.

[0132] A cleavage domain or cleavage half-domain can be any portion of a
protein that retains cleavage activity, or that retains the ability to multimerize (e.g.,
dimerize) to form a functional cleavage domain.

[0133] Exemplary Type IIS restriction enzymes are described in U.S. Patent
Publication No. 20070134796, incorporated herein in its entirety. Additional
restriction enzymes also contain separable binding and cleavage domains, and these
are contemplated by the present disclosure. See, for example, Roberts ef al. (2003)
Nucleic Acids Res. 31:418-420.

[0134] In certain embodiments, the cleavage domain comprises one or more
engineered cleavage half-domain (also referred to as dimerization domain mutants)
that minimize or prevent homodimerization, as described, for example, in U.S. Patent
Nos. 7,888,121; 8,409,861; and U.S. Patent Publication No. 20080131962, the
disclosures of all of which are incorporated by reference in their entireties herein.
Amino acid residues at positions 446, 447, 479, 483, 484, 486, 487, 490, 491, 496,
498, 499, 500, 531, 534, 537, and 538 of Fok I are all targets for influencing
dimerization of the Fok I cleavage half-domains.

[0135] Exemplary engineered cleavage half-domains of Fok I that form
obligate heterodimers include a pair in which a first cleavage half-domain includes
mutations at amino acid residues at positions 490 and 538 of Fok I and a second
cleavage half-domain includes mutations at amino acid residues 486 and 499.
[0136] Thus, in certain embodiments, the mutation at 490 replaces Glu (E)
with Lys (K); the mutation at 538 replaces Iso (I) with Lys (K); the mutation at 486
replaced Gln (Q) with Glu (E); and the mutation at position 499 replaces Iso (I) with
Lys (K). Specifically, the engineered cleavage half-domains described herein were

prepared by mutating positions 490 (E—K) and 538 (I—K) in one cleavage half-
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domain to produce an engineered cleavage half-domain designated “E490K:I538K”
and by mutating positions 486 (Q—E) and 499 (I—L) in another cleavage half-
domain to produce an engineered cleavage half-domain designated “Q486E:14991.”.
The engineered cleavage half-domains described herein are obligate heterodimer
mutants in which aberrant cleavage is minimized or abolished. See, e.g., U.S. Patent
No. 7,888,121, the disclosure of which is incorporated by reference in its entirety for
all purposes.

[0137] Engineered cleavage half-domains described herein can be prepared
using any suitable method, for example, by site-directed mutagenesis of wild-type
cleavage half-domains (Fok I) as described in U.S. Patent No. 7,888,121.

[0138] The engineered cleavage half-domains described herein may be
obligate heterodimer mutants in which aberrant cleavage is minimized or abolished.
See, e.g., Example 1 of WO 07/139898. In certain embodiments, the engineered
cleavage half-domain comprises mutations at positions 486, 499 and 496 (numbered
relative to wild-type Fokl), for instance mutations that replace the wild type Gln (Q)
residue at position 486 with a Glu (E) residue, the wild type Iso (I) residue at position
499 with a Leu (L) residue and the wild-type Asn (N) residue at position 496 with an
Asp (D) or Glu (E) residue (also referred to as a “ELD” and “ELE” domains,
respectively). In other embodiments, the engineered cleavage half-domain comprises
mutations at positions 490, 538 and 537 (numbered relative to wild-type Fokl), for
instance mutations that replace the wild type Glu (E) residue at position 490 with a
Lys (K) residue, the wild type Iso (I) residue at position 538 with a Lys (K) residue,
and the wild-type His (H) residue at position 537 with a Lys (K) residue or a Arg (R)
residue (also referred to as “KKK” and “KKR” domains, respectively). In other
embodiments, the engineered cleavage half-domain comprises mutations at positions
490 and 537 (numbered relative to wild-type Fokl), for instance mutations that
replace the wild type Glu (E) residue at position 490 with a Lys (K) residue and the
wild-type His (H) residue at position 537 with a Lys (K) residue or a Arg (R) residue
(also referred to as “KIK™ and “KIR” domains, respectively). Engineered cleavage
half-domains described herein can be prepared using any suitable method, for
example, by site-directed mutagenesis of wild-type cleavage half-domains (Fok I) as
described in U.S. Patent Nos. 7,888,121; and U.S. Patent Publication Nos.
20080131962; and 20110201055.
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[0139] Alternatively, nucleases may be assembled irn vivo at the nucleic acid
target site using so-called “split-enzyme” technology (see e.g. U.S. Patent Publication
No. 20090068164). Components of such split enzymes may be expressed either on
separate expression constructs, or can be linked in one open reading frame where the
individual components are separated, for example, by a self-cleaving 2A peptide or
IRES sequence. Components may be individual zine finger binding domains or
domains of a meganuclease nucleic acid binding domain.

[0140] Alternatively, the Fokl nuclease domain variant known as “Sharkey”
may be used (see Guo et al, (2010) J. Mol. Biol. doi:10.1016/j.jmb.2010.04.060).
[0141] Nuclease expression constructs can be readily designed using methods
known in the art. See, e.g., United States Patent Nos. 7,888,121 and 8,409,861 and
U.S. Patent Publication Nos. 20030232410; 20050208489; 20050026157,
20060063231; and 20070134796. In certain embodiments, expression of the nuclease
is under the control of an inducible promoter, for example the galactokinase promoter
which is activated (de-repressed) in the presence of raffinose and/or galactose and
repressed in presence of glucose. In particular, the galactokinase promoter is induced
and the nuclease(s) expressed upon successive changes in the carbon source (e.g.,
from glucose to raffinose to galactose). Other non-limiting examples of inducible
promoters include CUPI, MET15, PHOS, and tet-responsive promoters.

[0142] The CRISPR (Clustered Regularly Interspaced Short Palindromic
Repeats)/Cas (CRISPR Associated) nuclease system is a recently engineered nuclease
system based on a bacterial system that can be used for genome engineering. It is
based on part of the adaptive immune response of many bacteria and archea. When a
virus or plasmid invades a bacterium, segments of the invader’s DNA are converted
into CRISPR RNAs (ctRNA) by the ‘itmmune’ response. This crRNA then associates,
through a region of partial complementarity, with another type of RNA called
tractrRNA to guide the Cas9 nuclease to a region homologous to the crRNA in the
target DNA called a “protospacer”. Cas9 cleaves the DNA to generate blunt ends at
the DSB at sites specified by a 20-nucleotide guide sequence contained within the
crRNA transcript. Cas9 requires both the crRNA and the tracrRNA for site specific
DNA recognition and cleavage. This system has now been engineered such that the
crRNA and tracrRNA can be combined into one molecule (the “single guide RNA”),
and the ctrRNA equivalent portion of the single guide RNA can be engineered to guide

the Cas9 nuclease to target any desired sequence (see Jinek ef al (2012) Science 337,

47



10

15

20

30

WO 2014/153470 PCT/US2014/031360

p. 816-821, Jinek et al, (2013), eLife 2:¢00471, and David Segal, (2013) eLife
2:¢00563). Thus, the CRISPR/Cas system can be engineered to create a DSB ata
desired target in a genome, and repair of the DSB can be influenced by the use of

repair inhibitors to cause an increase in error prone repair.

A. Target Sites
[0143] As described in detail above, DNA domains in ZFNs and TALENSs can
be engineered to bind to any sequence of choice in a locus. An engineered DNA-
binding domain can have a novel binding specificity, compared to a naturally-
occurring DNA-binding domain. Engineering methods include, but are not limited to,
rational design and various types of selection. Rational design includes, for example,
using databases comprising triplet (or quadruplet) nucleotide sequences and
individual (e.g., zinc finger) amino acid sequences, in which each triplet or quadruplet
nucleotide sequence is associated with one or more amino acid sequences of DNA
binding domain which bind the particular triplet or quadruplet sequence. See, for
example, U.S. Patents 8,586,526; 6,453,242 and 6,534,261, incorporated by reference
herein in their entireties. Rational design of TAL-effector domains can also be
performed. See, e.g., U.S. Patent No. 8,586,526.
[0144] Exemplary selection methods applicable to DNA-binding domains,
including phage display and two-hybrid systems, are disclosed in US Patents
5,789,538; 5,925,523; 6,007,988; 6,013,453; 6,410,248; 6,140,466; 6,200,759; and
6,242,568; as well as WO 98/37186; WO 98/53057; WO 00/27878; and
WO 01/88197.
[0145] Selection of target sites; nucleases and methods for design and
construction of fusion proteins (and polynucleotides encoding same) are known to
those of skill in the art and described in detail in U.S. Patent Nos. 7,888,121 and
8,409,861, incorporated by reference in their entireties herein.
[0146] In addition, as disclosed in these and other references, DNA-binding
domains (e.g., multi-fingered zinc finger proteins) may be linked together using any
suitable linker sequences, including for example, linkers of 5 or more amino acids.
See, e.g., U.S. Patent Nos. 6,479,626; 6,903,185; and 7,153,949 for exemplary linker
sequences 6 or more amino acids in length. The proteins described herein may
include any combination of suitable linkers between the individual DNA-binding

domains of the protein. See, also, U.S. Patent No. 8,586,526.
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[0147] Additionally, single guide RNAs can be engineered to bind to a target
of choice in a genome by commonly known methods known in the art for creating
specific RNA sequences. These single guide RNAs are designed to guide the Cas9 to

any chosen target site.

Donors
[0148] As noted above, insertion of an exogenous sequence (also called a
“donor sequence” or “donor”), for example for correction of a mutant gene or for
increased expression of a wild-type gene also can be carried out. It will be readily
apparent that the donor sequence is typically not identical to the genomic sequence
where it is placed. A donor sequence can contain a non-homologous sequence
flanked by two regions of homology to allow for efficient HDR at the location of
interest. Additionally, donor sequences can comprise a vector molecule containing
sequences that are not homologous to the region of interest in cellular chromatin. A
donor molecule can contain several, discontinuous regions of homology to cellular
chromatin. For example, for targeted insertion of sequences not normally present in a
region of interest, said sequences can be present in a donor nucleic acid molecule and
flanked by regions of homology to sequence in the region of interest. Alternatively, a
donor molecule may be integrated into a cleaved target locus via non-homologous end
joining (NHEJ) mechanisms. See, e.g., U.S. Patent Publication Nos. 20110207221
and 20130326645.
[0149] The donor polynucleotide can be DNA or RNA, single-stranded or
double-stranded and can be introduced into a cell in linear or circular form. See, e.g.,
U.S. Patent Publication Nos. 20100047805; 20110281361; and 20110207221. If
introduced in linear form, the ends of the donor sequence can be protected (e.g., from
exonucleolytic degradation) by methods known to those of skill in the art. For
example, one or more dideoxynucleotide residues are added to the 3’ terminus of a
linear molecule and/or self-complementary oligonucleotides are ligated to one or both
ends. See, for example, Chang et al. (1987) Proc. Natl. Acad. Sci. USA84:4959-4963;
Nehls et al. (1996) Science 272:886-889. Additional methods for protecting
exogenous polynucleotides from degradation include, but are not limited to, addition
of terminal amino group(s) and the use of modified internucleotide linkages such as,
for example, phosphorothioates, phosphoramidates, and O-methyl ribose or

deoxyribose residues.
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[0150] A polynucleotide can be introduced into a cell as part of a vector
molecule having additional sequences such as, for example, replication origins,
promoters and genes encoding antibiotic resistance. Moreover, donor polynucleotides
can be introduced as naked nucleic acid, as nucleic acid complexed with an agent
such as a liposome or poloxamer, or can be delivered by viruses (e.g., adenovirus,
AAYV, herpesvirus, retrovirus, lentivirus and integrase defective lentivirus (IDLV)).
[0151] The donor is generally inserted so that its expression is driven by the
endogenous promoter at the integration site, namely the promoter that drives
expression of the endogenous gene into which the donor is inserted (e.g., AAVSI,
CCRS5, albumin, HPRT etc. However, it will be apparent that the donor may comprise
a promoter and/or enhancer, for example a constitutive promoter or an inducible or
tissue specific promoter.

[0152] The donor molecule may be inserted into an endogenous gene such
that all, some or none of the endogenous gene is expressed. For example, a transgene
as described herein may be inserted into an endogenous locus such that some (N-
terminal and/or C-terminal to the transgene) or none of the endogenous sequences are
expressed, for example as a fusion with the transgene. In other embodiments, the
transgene (e.g., with or without additional coding sequences such as for the
endogenous gene) is integrated into any endogenous locus, for example a safe-harbor
locus.

[0153] When endogenous sequences (endogenous or part of the transgene) are
expressed with the transgene, the endogenous sequences may be full-length sequences
(wild-type or mutant) or partial sequences. Preferably the endogenous sequences are
functional. Non-limiting examples of the function of these full length or partial
sequences include increasing the serum half-life of the polypeptide expressed by the
transgene (e.g., therapeutic gene) and/or acting as a carrier.

[0154] Furthermore, although not required for expression, exogenous
sequences may also include transcriptional or translational regulatory sequences, for
example, promoters, enhancers, insulators, internal ribosome entry sites, sequences

encoding 2A peptides and/or polyadenylation signals.

Delivery
[0155] The compositions (e.g. ZFPs, TALEs, CRISPR/Cas), polynucleotides

encoding same, any donor polynucleotides described herein may be delivered to a
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target cell containing a TCR gene by any suitable means. Methods of delivering the
compositions comprising DNA-binding domains are described, for example, in U.S.
Patent Nos. 6,453,242; 6,503,717; 6,534,261; 6,599,692; 6,607,882; 6,689,558;
6,824,978; 6,933,113; 6,979,539; 7,013,219; and 7,163,824, the disclosures of all of
which are incorporated by reference herein in their entireties.

[0156] Zinc finger, TALE or CRISPR/Cas proteins as described herein may
also be delivered using vectors containing sequences encoding one or more of the zinc
finger, TALE or CRISPR/Cas protein(s). Donor encoding polynucleotides may be
similarly delivered. Any vector systems may be used including, but not limited to,
plasmid vectors, retroviral vectors, lentiviral vectors, adenovirus vectors, poxvirus
vectors; herpesvirus vectors and adeno-associated virus vectors, etc. See, also, U.S.
Patent Nos. 6,534,261; 6,607,882; 6,824,978; 6,933,113; 6,979,539; 7,013,219; and
7,163,824, incorporated by reference herein in their entireties. Furthermore, it will be
apparent that any of these vectors may comprise one or more zinc finger protein-
encoding sequences, one or more CRISPR/Cas-encoding sequences or one or more
TALE-encoding sequences. Thus, when one or more nucleases or nuclease systems
and/or donors are introduced into the cell, the nucleases or nuclease systems and/or
donors may be carried on the same vector or on different vectors. When multiple
vectors are used, each vector may comprise a sequence encoding one or multiple
ZFPs, TALEs, CRISPR/Cas system and/or donors.

[0157] Conventional viral and non-viral based gene transfer methods can be
used to introduce nucleic acids encoding engineered ZFPs,TALEs, CRISPR/Cas
and/or donors in cells (e.g., mammalian cells) and target tissues. Such methods can
also be used to administer nucleic acids encoding ZFPs, TALES, CRISPR/Cas and/or
donors to cells in vitro. In certain embodiments, nucleic acids encoding ZFPs, TALEs,
CRISPR/Cas and/or donors are administered for in vivo or ex vivo gene therapy uses.
Non-viral vector delivery systems include DNA plasmids, naked nucleic acid, and
nucleic acid complexed with a delivery vehicle such as a liposome or poloxamer.
Viral vector delivery systems include DNA and RNA viruses, which have either
episomal or integrated genomes after delivery to the cell. For a review of gene
therapy procedures, see Anderson, Science 256:808-813 (1992); Nabel&Felgner,
TIBTECH 11:211-217 (1993); Mitani&Caskey, TIBTECH 11:162-166 (1993); Dillon,
TIBTECH 11:167-175 (1993); Miller, Nature 357:455-460 (1992); Van Brunt,
Biotechnology 6(10):1149-1154 (1988); Vigne, Restorative Neurology and
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Neuroscience 8:35-36 (1995); Kremer &Perricaudet, British Medical Bulletin
51(1):31-44 (1995); Haddadaet al., in Current Topics in Microbiology and
Immunology Doerfler and Bohm (eds.) (1995); and Yu et al., Gene Therapy 1:13-26
(1994).

[0158] Methods of non-viral delivery of nucleic acids include electroporation,
lipofection, microinjection, biolistics, virosomes, liposomes, immunoliposomes,
polycation or lipid:nucleic acid conjugates, naked DNA, mRNA, artificial virions, and
agent-enhanced uptake of DNA. Sonoporation using, e.g., the Sonitron 2000 system
(Rich-Mar) can also be used for delivery of nucleic acids. In a preferred embodiment,
one or more nucleic acids are delivered as mRNA. Also preferred is the use of
capped mRNAs to increase translational efficiency and/or mRNA stability.

Especially preferred are ARCA (anti-reverse cap analog) caps or variants thereof. See
US patents US7074596 and US8153773, incorporated by reference herein.

[0159] Additional exemplary nucleic acid delivery systems include those
provided by Amaxa® Biosystems (Cologne, Germany), Maxcyte, Inc. (Rockville,
Maryland), BTX Molecular Delivery Systems (Holliston, MA) and Copernicus
Therapeutics Inc, (see for example US6008336). Lipofection is described in e.g., US
5,049,386, US 4,946,787; and US 4,897,355) and lipofection reagents are sold
commercially (e.g., Transfectam™, Lipofectin™ and Lipofectamine™ RNAIMAX).
Cationic and neutral lipids that are suitable for efficient receptor-recognition
lipofection of polynucleotides include those of Felgner, WO 91/17424, WO 91/16024.
Delivery can be to cells (ex vivo administration) or target tissues (in vivo
administration).

[0160] The preparation of lipid:nucleic acid complexes, including targeted
liposomes such as immunolipid complexes, is well known to one of skill in the art
(see, e.g., Crystal, Science 270:404-410 (1995); Blaese et al., Cancer Gene Ther.
2:291-297 (1995); Behr et al., Bioconjugate Chem. 5:382-389 (1994); Remy et al.,
Bioconjugate Chem. 5:647-654 (1994); Gao et al., Gene Therapy 2:710-722 (1995);
Ahmad et al., Cancer Res. 52:4817-4820 (1992); U.S. Pat. Nos. 4,186,183, 4,217,344,
4,235,871, 4,261,975, 4,485,054, 4,501,728, 4,774,085, 4,837,028, and 4,946,787).
[0161] Additional methods of delivery include the use of packaging the
nucleic acids to be delivered into EnGenelC delivery vehicles (EDVs). These EDVs

are specifically delivered to target tissues using bispecific antibodies where one arm
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of the antibody has specificity for the target tissue and the other has specificity for the
EDV. The antibody brings the EDVs to the target cell surface and then the EDV is
brought into the cell by endocytosis. Once in the cell, the contents are released (see
MacDiarmid et al (2009) Nature Biotechnology 27(7) p. 643).

[0162] The use of RNA or DNA viral based systems for the delivery of
nucleic acids encoding engineered ZFPs, TALEs and/or donors take advantage of
highly evolved processes for targeting a virus to specific cells in the body and
trafficking the viral payload to the nucleus. Viral vectors can be administered directty
to patients (in vivo) or they can be used to treat cells iz vitro and the modified cells are
administered to patients (ex vivo). Conventional viral based systems for the delivery
of ZFPs include, but are not limited to, retroviral, lentivirus, adenoviral, adeno-
associated, vaccinia and herpes simplex virus vectors for gene transfer. Integration in
the host genome is possible with the retrovirus, lentivirus, and adeno-associated virus
gene transfer methods, often resulting in long term expression of the inserted
transgene. Additionally, high transduction efficiencies have been observed in many
different cell types and target tissues.

[0163] The tropism of a retrovirus can be altered by incorporating foreign
envelope proteins, expanding the potential target populaﬁon of target cells. Lentiviral
vectors are retroviral vectors that are able to transduce or infect non-dividing cells and
typically produce high viral titers. Selection of a retroviral gene transfer system
depends on the target tissue. Retroviral vectors are comprised of cis-acting long
terminal repeats with packaging capacity for up to 6-10 kb of foreign sequence. The
minimum cis-acting LTRs are sufficient for replication and packaging of the vectors,
which are then used to integrate the therapeutic gene into the target cell to provide
permanent transgene expression. Widely used retroviral vectors include those based
upon murine leukemia virus (MuLV), gibbon ape leukemia virus (GaLV), Simian
Immunodeficiency virus (SIV), human immunodeficiency virus (HIV), and
combinations thereof (see, e.g., Buchscher et al., J. Virol. 66:2731-2739 (1992);
Johann et al., J. Virol. 66:1635-1640 (1992); Sommerfelt et al., Virol. 176:58-59
(1990); Wilson et al., J. Virol.63:2374-2378 (1989); Miller ef al., J. Virol. 65:2220-
2224 (1991); PCT/US94/05700).In applications in which transient expression is
preferred, adenoviral based systems can be used. Adenoviral based vectors are
capable of very high transduction efficiency in many cell types and do not require cell

division. With such vectors, high titer and high levels of expression have been
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obtained. This vector can be produced in large quantities in a relatively simple
system. Adeno-associated virus (‘AAV™) vectors are also used to transduce cells
with target nucleic acids, e.g., in the in vitro production of nucleic acids and peptides,
and for in vivo and ex vivo gene therapy procedures (see, e.g., West et al., Virology
160:38-47 (1987); U.S. Patent No. 4,797,368; WO 93/24641; Kotin, Human Gene
Therapy 5:793-801 (1994); Muzyczka, J. Clin. Invest. 94:1351 (1994). Construction
of recombinant AAV vectors is described in a number of publications, including U.S.
Pat. No. 5,173,414; Tratschin et al., Mol. Cell. Biol. 5:3251-3260 (1985); Tratschin, et
al., Mol. Cell. Biol. 4:2072-2081 (1984); Hermonat & Muzyczka, PNAS 81:6466-
6470 (1984); and Samulski et al., J. Virol.63:03822-3828 (1989).

[0164] At least six viral vector approaches are currently available for gene
transfer in clinical trials, which utilize approaches that involve complementation of
defective vectors by genes inserted into helper cell lines to generate the transducing
agent. .

[0165] pLASN and MFG-S are examples of retroviral vectors that have been
used in clinical trials (Dunbar et al., Blood 85:3048-305 (1995); Kohn et al., Nat.
Med. 1:1017-102 (1995); Malech ef al., PNAS 94:22 12133-12138 (1997)).
PA317/pLASN was the first therapeutic vector used in a gene therapy trial. (Blaese et
al., Science 270:475-480 (1995)). Transduction efficiencies of 50% or greater have
been observed for MFG-S packaged vectors. (Ellem er al., Immunol Immunother.
44(1):10-20 (1997); Dranoff et al., Hum. Gene Ther. 1:111-2 (1997).

[0166] Vectors suitable for introduction of polynucleotides described herein
also include non-integrating lentivirus vectors (IDLV). See, for example, Ory ef al.
(1996) Proc. Natl. Acad. Sci. US4 93:11382-11388; Dull e al. (1998) J.
Virol.72:8463-8471; Zufferyet al. (1998) J. Virol.72:9873-9880; Follenzi ef al.
(2000) Nature Genetics25:217-222; U.S. Patent Publication No 20090117617.

[0167] Recombinant adeno-associated virus vectors (tAAV) are a promising
alternative gene delivery systems based on the defective and nonpathogenic
parvovirus adeno-associated type virus. The vectors are derived from a plasmid that
retains only the AAV 145 bp inverted terminal repeats flanking the transgene
expression cassette. Efficient gene transfer and stable transgene delivery due to
integration into the genomes of the transduced cell are key features for this vector
system. (Wagner et al., Lancet 351:9117 1702-3 (1998), Kearns et al., Gene Ther.
9:748-55 (1996)). Other AAV serotypes, including AAV1, AAV3, AAV4, AAVS,
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AAV6 and AAVS, AAV 8.2, AAVY, and AAV rh10 and pseudotyped AAV such as
AAV2/8, AAV2/5 and AAV2/6 can also be used in accordance with the present
invention.

[0168] In certain embodiments, the vector is a lentiviral vector. A lentiviral
vector, as used herein, is a vector which comprises at least one component part
derivable from a lentivirus. A detailed list of lentiviruses may be found in Coffin ef al
(1997) “Retroviruses” Cold Spring Harbour Laboratory Press Eds: JM Coffin, SM
Hughes, HE Varmus pp 758-763). Lentiviral vectors can be produced generally by
methods well known in the art. See, e.g., U.S. Patent Nos. 5,994,136; 6,165,782; and
6,428,953. Preferably, the lentiviral vector is an integrase deficient lentiviral vector
(IDLV). See, e.g., U.S. Patent Publication 2009/0117617. IDLVs may be produced
as described, for example using lentivirus vectors that include one or more mutations
in the native lentivirus integrase gene, for instance as disclosed in Leavitt et al. (1996)
J. Virol. 70(2):721-728; Philippe et al. (2006) Proc. Natl Acad. Sci USA 103(47):
17684-17689; and WO 06/010834. In certain embodiments, the IDLV is an HIV
lentiviral vector comprising a mutation at position 64 of the integrase protein (D64V),
as described in Leavitt et al. (1996) J. Virol. 70(2):721-728.

[0169] In certain embodiments, the vector is an adenovirus vector. Non-
limiting examples of Ad vectors that can be used in the present application include
recombinant (such as El-deleted), conditionally replication competent (such as
oncolytic) and/or replication competent Ad vectors derived from human or non-
human serotypes (e.g., Ad5, Ad11, Ad35, or porcine adenovirus-3); and/or chimeric
Ad vectors (such as Ad5/F35) or tropism-altered Ad vectors with engineered fiber
(e.g., knob or shaft) proteins (such as peptide insertions within the HI loop of the knob
protein). Also useful are “gutless” Ad vectors, e.g., an Ad vector in which all
adenovirus genes have been removed, to reduce immunogenicity and to increase the
size of the DNA payload. This allows, for example, simultaneous delivery of
sequences encoding ZFNs and a donor sequence. Such gutless vectors are especially
useful when the donor sequences include large transgenes to be integrated via targeted
integration.

[0170] Replication-deficient recombinant adenoviral vectors (Ad) can be
produced at high titer, and they readily infect a number of different cell types. Most
adenovirus vectors are engineered such that a transgene replaces the Ad Ela, Elb,

and/or E3 genes; subsequently the replication defective vector is propagated in cells
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that provide one or more of the deleted gene functions in trans. For example, human
293 cells supply E1 function. Ad vectors can transduce multiple types of tissues in
vivo, including non-dividing, differentiated cells such as those found in liver, kidney
and muscle. Conventional Ad vectors have a large carrying capacity. An example of
the use of an Ad vector in a clinical trial involved polynucleotide therapy for
antitumor immunization with intramuscular injection (Sterman et al., Hum. Gene
Ther. 7:1083-1089 (1998)).

[0171] Packaging cells are used to form virus particles that are capable of
infecting a host cell. Such cells include 293 cells, which package adenovirus, AAV,
and 2 cells or PA317 cells, which package retrovirus. Viral vectors used in gene
therapy are usually generated by a producer cell line that packages a nucleic acid
vector into a viral particle. The vectors typically contain the minimal viral sequences
required for packaging and subsequent integration into a host (if applicable), other
viral sequences being replaced by an expression cassette encoding the protein to be
expressed. The missing viral functions are supplied in frans by the packaging cell
line. For example, AAV vectors used in gene therapy typically only possess inverted
terminal repeat (ITR) sequences from the AAV genome which are required for
packaging and integration into the host genome. Viral DNA is packaged in a cell line,
which contains a helper plasmid encoding the other AAV genes, namely rep and cap,
but lacking ITR sequences. The cell line is also infected with adenovirus as a helper.
The helper virus promotes replication of the AAV vector and expression of AAV
genes from the helper plasmid. The helper plasmid is not packaged in significant
amounts due to a lack of ITR sequences. Contamination with adenovirus can be
reduced by, e.g., heat treatment to which adenovirus is more sensitive than AAV.
Additionally, AAV can be produced at clinical scale using baculovirus systems (see
US Patent No. U.S. 7,479,554).

[0172] Additional examples of the use of adenovirus vectors for gene transfer
in clinical trials include Rosenecker et al., Infection 24:1 5-10 (1996); Welsh et al.,
Hum. Gene Ther. 2:205-18 (1995); Alvarez et al., Hum. Gene Ther. 5:597-613 (1997);
Topf et al., Gene Ther. 5:507-513 (1998).

[0173] In certain embodiments, the Ad vector is a chimeric adenovirus vector,
containing sequences from two or more different adenovirus genomes. For example,
the Ad vector can be an Ad5/F35 vector. Ad5/F35 is created by replacing one or
more of the fiber protein genes (knob, shaft, tail, penton) of Ad5 with the
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corresponding fiber protein gene from a B group adenovirus such as, for example,
Ad35. The Ad5/F35 vector and characteristics of this vector are described, for
example, in Ni ef al. (2005) “Evaluation of biodistribution and safety of adenovirus
vectors containing group B fibers after intravenous injection into baboons,” Hum
Gene Ther 16:664-677; Nilsson ef al. (2004) “Functionally distinct subpopulations of
cord blood CD34+ cells are transduced by adenoviral vectors with serotype 5 or 35
tropism,” Mol Ther 9:377-388; Nilsson et al. (2004) “Development of an adenoviral
vector system with adenovirus serotype 35 tropism; efficient transient gene transfer
into primary malignant hematopoietic cells,” J Gene Med 6:631-641; Schroers et al.
(2004) “Gene transfer into human T lymphocytes and natural killer cells by Ad5/F35
chimeric adenoviral vectors,” Exp Hematol 32:536-546; Seshidhar et al. (2003)
“Development of adenovirus serotype 35 as a gene transfer vector,” Virology
311:384-393; Shayakhmetov et al. (2000) “Efficient gene transfer into human
CD34(+) cells by a retargeted adenovirus vector,” J Virol 74:2567-2583; and Sova et
al. (2004), “A tumor-targeted and conditionally replicating oncolytic adenovirus
vector expressing TRAIL for treatment of liver metastases,” Mol Ther 9:496-509.As
noted above, ZFNs and polynucleotides encoding these ZFNs may be delivered to any
target cell. Generally, for inactivating a gene CCR-5, the cell is an immune cell, for
example, a lymphocyte (B-cells, T-cells such as T helper (Ty) and T cytotoxic cells
(T¢), null cells such as natural killer (NK) cells); a mononuclear cell (monocytes,
marcophages); a granulocytic cell (granulocytes, neutrophils, eosinophils, basophils);
a mast cell; and/or a dendritic cell (Langerhans cells, interstitial dendritic cells,
interdigitating dendritic cells, circulating dendritic cells). Macrophages, B
lymphocytes and dendritic cells are exemplary antigen-presenting cells involved in Ty
cell activation. In certain embodiments, the target cell is a Ty cell, characterized by
expression of CD4 on the surface. The target cell may also be a hematopoietic stem
cell, which may give rise to any immune cell.

[0174] In many gene therapy applications, it is desirable that the gene therapy
vector be delivered with a high degree of specificity to a particular tissue type.
Accordingly, a viral vector can be modified to have specificity for a given cell type by
expressing a ligand as a fusion protein with a viral coat protein on the outer surface of
the virus. The ligand is chosen to have affinity for a receptor known to be present on
the cell type of interest. For example, Han et al., Proc. Natl. Acad. Sci. USA 92:9747-

9751 (1995), reported that Moloney murine leukemia virus can be modified to express
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human heregulin fused to gp70, and the recombinant virus infects certain human
breast cancer cells expressing human epidermal growth factor receptor. This principle
can be extended to other virus-target cell pairs, in which the target cell expresses a
receptor and the virus expresses a fusion protein comprising a ligand for the cell-
surface receptor. For example, filamentous phage can be engineered to display
antibody fragments (e.g., FAB or Fv) having specific binding affinity for virtually any
chosen cellular receptor. Although the above description applies primarily to viral
vectors, the same principles can be applied to nonviral vectors. Such vectors can be
engineered to contain specific uptake sequences which favor uptake by specific target
cells.

[0175] Gene therapy vectors can be delivered in vivo by administration to an
individual patient, typically by systemic administration (e.g., intravenous,
intraperitoneal, intramuscular, subdermal, or intracranial infusion) or topical
application, as described below. Alternatively, vectors can be delivered to cells ex
vivo, such as cells explanted from an individual patient (e.g., lymphocytes, bone
marrow aspirates, tissue biopsy) or universal donor hematopoietic stem cells,
followed by reimplantation of the cells into a patient, usually after selection for cells
which have incorporated the vector.

[0176] Ex vivo cell transfection for diagnostics, research, or for gene therapy
(e.g., via re-infusion of the transfected cells into the host organism) is well known to
those of skill in the art. In a preferred embodiment, cells are isolated from the subject
organism, transfected with a ZFP nucleic acid (gene or cDNA), and re-infused back
into the subject organism (e.g., patient). Various cell types suitable for ex vivo
transfection are well known to those of skill in the art (see, e.g., Freshney et al.,
Culture of Animal Cells, A Manual of Basic Technique (3rd ed. 1994)) and the
references cited therein for a discussion of how to isolate and culture cells from
patients).

[0177] Suitable cells include but not limited to eukaryotic and prokaryotic
cells and/or cell lines. Non-limiting examples of such cells or cell lines generated
from such cells include COS, CHO (e.g., CHO-S, CHO-K1, CHO-DG44, CHO-
DUXB11, CHO-DUKX, CHOK1SV), VERO, MDCK, WI38, V79, B14AF28-G3,
BHK, HaK, NS0, SP2/0-Ag14, HeL.a, HEK293 (e.g., HEK293-F, HEK293-H,
HEK?293-T), and perC6 cells as well as insect cells such as Spodoptera fugiperda (Sf),

or fungal cells such as Saccharomyces, Pichia and Schizosaccharomyces. In certain
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embodiments, the cell line is a CHO-K1, MDCK or HEK293 cell line. Additionally,
primary cells may be isolated and used ex vivo for reintroduction into the subject to be
treated following treatment with the nucleases (e.g. ZFNs or TALENS) or nuclease
systems (e.g. CRISPR/Cas). Suitable primary cells include peripheral blood
mononuclear cells (PBMC), and other blood cell subsets such as, but not limited to,
T-lymphocytes such as CD4+ T cells or CD8+ T cells. Suitable cells also include
stem cells such as, by way of example, embryonic stem cells, induced pluripotent
stem cells, hematopoietic stem cells (CD34+), neuronal stem cells and mesenchymal
stem cells.

[0178] In one embodiment, stem cells are used in ex vivo procedures for cell
transfection and gene therapy. The advantage to using stem cells is that they can be
differentiated into other cell types in vitro, or can be introduced into a mammal (such
as the donor of the cells) where they will engraft in the bone marrow. Methods for
differentiating CD34+ cells in vitro into clinically important immune cell types using
cytokines such a GM-CSF, IFN-y and TNF-o are known (see, Inaba et al., J. Exp.
Med. 176:1693-1702 (1992)).

[0179] Stem cells are isolated for transduction and differentiation using
known methods. For example, stem cells are isolated from bone marrow cells by
panning the bone marrow cells with antibodies which bind unwanted cells, such as
CD4+ and CD8&+ (T cells), CD45+ (panB cells), GR-1 (granulocytes), and Iad
(differentiated antigen presenting cells) (see Inaba et al., J. Exp. Med. 176:1693-1702
(1992)).

[0180] Stem cells that have been modified may also be used in some
embodiments. For example, stem cells that have been made resistant to apoptosis
may be used as therapeutic compositions where the stem cells also contain the ZFPs,
TALEs, CRISPR/Cas systems and/or donors of the invention. Resistance to
apoptosis may come about, for example, by knocking out BAX and/or BAK using
BAX- or BAK-specific nucleases (see, U.S.Patent Publication No. 2010/0003756) in
the stem cells, or those that are disrupted in a caspase, again using caspase-6 specific
ZFNs for example. Alternatively, resistance to apoptosis can also be achieved by the
the use of caspase inhibitors like Z-VAD-FMK (carbobenzoxy-valyl-alanyl-aspartyl-
[O-methyl]-fluoromethylketone).

[0181] Vectors (e.g., retroviruses, adenoviruses, liposomes, etc.) containing

therapeutic ZFP, TALE, CRISPR/Cas system and/or donor nucleic acids can also be
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administered directly to an organism for transduction of cells in vivo. Alternatively,
naked DNA or mRNA can be administered. Administration is by any of the routes
normally used for introducing a molecule into ultimgte contact with blood or tissue
cells including, but not limited to, injection, infusion, topical application and
electroporation. Suitable methods of administering such nucleic acids are available
and well known to those of skill in the art, and, although more than one route can be
used to administer a particular composition, a particular route can often provide a
more immediate and more effective reaction than another route.

[0182] Methods for introduction of DNA into hematopoietic stem cells are
disclosed, for example, in U.S. Patent No. 5,928,638. Vectors useful for introduction
of transgenes into hematopoietic stem cells, e.g., CD34" cells, include adenovirus
Type 35.

[0183] Vectors suitable for introduction of transgenes into immune cells (e.g.,

- T-cells) include non-integrating lentivirus vectors. See, for example, Ory ef al. (1996)

Proc. Natl. Acad. Sci. USA 93:11382-11388; Dull ef al. (1998) J. Virol.72:8463-8471;
Zuffery et al. (1998) J. Virol.72:9873-9880; Follenzi et al. (2000) Nature Genetics
25:217-222.

[0184] Pharmaceutically acceptable carriers are determined in part by the
particular composition being administered, as well as by the particular method used to
administer the composition. Accordingly, there is a wide variety of suitable
formulations of pharmaceutical compositions available, as described below (see, e.g.,

Remington’s Pharmaceutical Sciences, 17th ed., 1989).

Applications
[0185] The disclosed methods and compositions can be used for inactivation
of a TCR genomic sequence. As noted above, inactivation includes partial or
complete repression of the endogenous TCR o and/or § gene expression in a cell (e.g.,
T-lymphocyte). Inactivation of a TCR gene can be achieved, for example, by a single
cleavage event, by cleavage followed by non-homologous end joining, by cleavage at
two sites followed by joining so as to delete the sequence between the two cleavage
sites, by targeted recombination of a missense or nonsense codon into the coding
region, by targeted recombination of an irrelevant sequence (i.e., a “stuffer” sequence)
or another coding sequence of interest into the gene or its regulatory region, so as to

disrupt the gene or regulatory region, or by targeting recombination of a splice
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acceptor sequence into an intron to cause mis-splicing of the transcript. Inactivation of
an endogenous TCR gene can also be accomplished by targeted recombination of a
TCR gene(s) specific for a tumor antigen/MHC complex of interest.

[0186] There are a variety of applications for nuclease-mediated inactivation
(knockout or knockdown) of a TCR gene. For example, the methods and
compositions described herein allow for the generation and/or modification of cells
lines (for therapeutic and non-therapeutic uses). Inactivation of the endogenous TCR
gene(s) may be coupled with the insertion of genes encoding high avidity TCRs or
chimeric antigen receptors (CARS, see Cartellieri ef al (2010) J Biomed and Biotech,
Vol 2010, Article ID 956304) against a known target, and the resultant transgenic
cells (or descendants of these cells having the same characteristics) may be used as
cellular therapeutics. Alternatively, the re-targeting of the T cell may occur in vivo,
using viral vectors to deliver both the genes encoding the TCR-specific nucleases and
the high avidity TCR on a donor nucleic acid. In either case, the materials and
methods of the invention may be used in the treatment of cancer. Cells modified in
vitro may also be used for modeling studies or for screening to find other types of
therapeutics that may also work in concert with the TCR modification. Any type of
cancer can be treated, including, but not limited to lung carcinomas, pancreatic
cancers, liver cancers, bone cancers, breast cancers, colorectal cancers, ovarian
cancers, leukemias, lymphomas, brain cancers and the like. Other diseases that may
be treated with the technology of the invention include fungal, bacterial and viral
infections as well as autoimmune diseases and graft-versus-host disease (GvHD).
[0187] In addition, the methods and compositions described herein can be
used to generate model organisms and cell lines, including the generation of stable
knock-out cells in any given organism. While ZFN/TALENs/CRISPR/Cas systems
offer the ability to knock-out any given gene in cell lines or model organism, in the
absence of selection marker these events however can be very rare. Accordingly, the
methods described herein, which significantly increase the rate of targeted gene
disruption, can be used to generate cell line with new properties. This includes cell
lines used for the production of biologicals like Hamster (CHO) cell lines or cell lines
for the production of several AAV serotypes like human HEK 293 cells or insect cells
like S9 or Sf21.

[0188] The methods and compositions of the invention can also be used in the

production of transgenic organisms. Transgenic animals can include those developed
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for disease models, as well as animals with desirable traits. Embryos may be treated
using the methods and compositions of the invention to develop transgenic animals.
In some embodiments, suitable embryos may include embryos from small mammals
(e.g., rodents, rabbits, etc.), companion animals, livestock, and primates. Non-limiting
examples of rodents may include mice, rats, hamsters, gerbils, and guinea pigs. Non-
limiting examples of companion animals may include cats, dogs, rabbits, hedgehogs,
and ferrets. Non-limiting examples of livestock may include horses, goats, sheep,
swine, llamas, alpacas, and cattle. Non-limiting examples of primates may include
capuchin monkeys, chimpanzees, lemurs, macaques, marmosets, tamarins, spider
monkeys, squirrel monkeys, and vervet monkeys. In other embodiments, suitable
embryos may include embryos from fish, reptiles, amphibians, or birds. Alternatively,
suitable embryos may be insect embryos, for instance, a Drosophila embryo or a

mosquito embryo.

EXAMPLES
Example 1: Expression of an optimized, high affinity WT-1 TCR construct
[0189] Genes encoding for a codon-optimized, cysteine-modified TCR
specific for an HLA-A2-restricted peptide from the Wilms tumor antigen 1 (WT1),
specifically the WT1126.134 peptide (Kuball et al (2007) Blood 109(6):2331-8) and
single 021 or 21 WT1 specific TCR chains were cloned into bidirectional self-
inactivating transfer vectors pCCLsin.PPT.ALNGFR.minCMV.WPGK.eGFP.Wpre or
pCCLsin.cPPT. ALNGFR.min.CMV_ hEF1a.eGFP.Wpre as described in Amendola et
al (2005) Nature Biotechnology 23(1): 108-116, Thomas et al (2007) J. Immunol 179
(9): 5803-5810, and U.S. Patent Publication No US2006200869 (see Figure 1A)
[0190] The vectors were packaged using an integrase-competent third
generation lentivirus vector system, and pseudotyped by VZV envelope, essentially as
described in Follenzi and Naldini (2002) Methods in Enzymology 346: 454-465. The
lentiviral vectors were then used to transduce cells using standard techniques (see
below) and cells were characterized by FACs analysis to determine if the exogenous
TCRs were being expressed on the cell surface.
[0191] As shown below in Table 1, the WT-1 specific TCR construct was
highly expressed, whether driven from the PGK/mCMYV dual promoter combination

or the EF1a/mCMYV dual promoter construct. Numbers in Table are presented as
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percent of total signal present in the quadrant gated for VB21 expression and WT1-
HLA-A2 pentamer binding.
Table 1: Expression of WT-1 TCR

Promoter Day 14 Day 22
PGK 12.1 21.3
EFla 1.48 5.16

Untransduced= 0.085

[0192] Transduction of T cells was accomplished by activating the cells with
anti-CD3/ anti-CD28 antibody-conjugated magnetic beads (Clin ExVivo CD3/CD28;
Invitrogen) (baCD3/CD28) where the cells were cultured in IMDM (GIBCO-BRL),
10% FCS with low dose IL-7/IL-15 as described in European Patent Publication No
EP1956080 and Kaneko ef al (2009) Blood 113: 1006-1015. This procedure
preserved an early T cell differentiation phenotype (CD45RA-/+CD62L+,
CD28+CD27+, IL7Ra+, IL-2+ yIFN-/+), and the cells proliferated indistinguishably
from untransduced lymphocytes. In these conditions, the PGK dual promoter proved
to be superior to the EF1a dual promoter in sustaining stochiometric expression of
WT1-specific TCR chains, suggesting that the PGK bi-directional promoter exerts a
higher activity in the antisense direction than the bi-directional EF1a promoter. Both
promoters however, when tested in the context of a lentiviral vector, supported TCR
expression at levels appropriate for efficient HLA-A2/WT1 pentamer binding (16%),
for > 70 days after initial stimulation (see Figure 1B).

[0193] TCR transduced cells were also able to exhibit specific YIFN
production and cytotoxic activity against WT1+HLA-A2+ primary leukemic blasts
from AML patients. In particular, YIFN production in cells transduced with vectors
expressing the transgenic TCRs either from the PGK/mCMYV dual promoter
combination or the EF10/mCMYV dual promoter was increased (Figure 2A) as was %
killing (lysis) by the TCR modified cells (Figs. 2B and 2C). In addition, yIFN
production was inhibited in the edited lymphocytes (Fig. 2D), in the presence of
unlabelled targets expressing the HLA-restriction element and pulsed with the target

peptide.
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Example 2: Efficient integration of a transgene into the CCRS locus of central
memory T cells

[0194] To test the idea of integrating the WT-1 specific TCR genes into a
central memory T cell, GFP was used first as a donor nucleic acid to monitor
transduction efficiency and GFP expression from the site of integration. The CCR5
locus was chosen because it has been shown that CCRS5 knockout cells are fully
functional (see U.S. Patent No. 7,951,925). In addition, the PPP1R12C (AAVS1)
locus was similarly targeted (see US Patent Publication 20080299580) The GFP-
encoding donor was transduced into the cell using an IDLV vector and the CCR5-
specific ZFNs or AAVS1-specific ZFNs were introduced using an Ad5/F35 vector as
described above. GFP expression was measured 20 days following transduction.
[0195] As shown in Figure 3, ZFN-mediated integration of GFP transgenes
resulted in increased GFP signals, including in relation to the amount of Ad5/F35
donor used (Figs. 3A and 3B). Table 2 below shows the increase in the percent of

GFP positive cells in the presence of donor or donor plus ZFNs.

Table 2 GFP signal, percent positive cells

Insert site uT + donor donor+ZFN
CCR5 0.038 0.083 6.11
AAVS1 0.015 0.18 438

Example 3: Integration of WT-1 specific TCR transgenes into the CCRS5 locus of
Jurkat TCR B-negative cells

[0196] The WT-1 specific TCR transgene construct was then used for targeted
integration into the CCRS5 locus of Jurkat cells that are TCR B-negative following
treatment with TCR-f specific ZFNs. Cells were transfected using standard
techniques with WT-1 TCR construct similar to that described in Example 1.

[0197] As seen in Table 3, after introduction of the WT-1 TCR donor (WT1-
TCR IDLV) and the CCR5-specific ZFNs (Ad-ZFNs), there is a marked increase in
VP21 staining or signal, while without the donor or the ZFNs, only background V21
signal is seen. Thus, ZFN-mediated integration of the WT-1 specific TCR into the

CCRS locus occurred in a substantial percentage of the cells.
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Table 3: Percent of total signal from VB21+ expression

WT1-TCR IDLV + + + -
Ad ZFNs + ++ - -
Percent VB21 + 16.6 18.7 2.27 0.81

Example 4: Design of TCR-specific ZFNs

[0198] TCR-specific ZFNs were constructed to enable site specific
introduction of double strand breaks at either the TCRa and/or TCRP genes. ZFNs
were designed and incorporated into plasmids or IDLV vectors essentially as
described in Umov et al. (2005) Nature 435(7042):646-651, Lombardo et al (2007)
Nat Biotechnol. Nov;25(11):1298-306, and U.S. Patent Publication 2008/0131962.
The recognition helices for exemplary ZFN pairs as well as the target sequence are
shown below in Tables 4 and 5. Target sites of the TCR zinc-finger designs are
shown in the first column. Nucleotides in the target site that are contacted by the ZFP
recognition helices are indicated in uppercase letters; non-contacted nucleotides
indicated in lowercase.
Table 4: TCR-a Zinc-finger Designs
ZFN Name F1 F2 F3 F4 F5 Fe6
Target
sequence

25529 (ex 1) | QSGDLTR | QRTHLKA | QSGDRNK | DRSNLSR |RSDALTQ N/A
CtATGGACIT| (SEQID | (SEQID |[(SEQIDNO:| (SEQID | (SEQID
CAAGAGCAal NO:2) NO:3) 4) NO:5) NO:6)

cagtgetgt
(SEQ ID
NO:1)

25528 (ex 1) | TSGSLSR | QSSVRNS | RSDNLST | DRSALAR {LKQNLDA| N/A
CtCATGTCTA| (SEQID | (SEQID | (SEQID | (SEQID | (SEQID
GcACAGTTttg  NO:8) NO:9) NO:10) NO:11) NO:12)

tctgtga
(SEQ ID
NO:7)

25535 (ex 1) | DRSALSR | QSGHLSR | DRSDLSR | RSDALSR | DRSDLSR N/A
gtGCTGTGGC| (SEQID (SEQ ID (SEQID (SEQID | (SEQID
CtGGAGCAac| NO:14) NO:15) NO:16) NO:17) NO:16)

aaatctga
(SEQID

NO:13)
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25534 (ex 1) | DRSNLSR | QKTSLQA | DRSALSR | QSGNLAR | GKEELNE |RSSDLSR
ttGCTCTTGA | (SEQID (SEQID (SEQID (SEQID (SEQID | (SEQID
AGTCcATAG| NO:5) NO:19) NO:14) NO:20) NO:21) | NO:22)
ACctcatgt

(SEQ ID

NO:18)

25537 (ex 1) | GNVDLIE | RSSNLSR | RSDALSV | DSSHRTR |WRSCRSA| N/A
ocTGTGGCCT| (SEQID (SEQ ID (SEQ ID (SEQID | (SEQID
GGAGCAAca| NO:24) NO:25) NO:26) NO:27) NO:28)
aatctgact

(SEQ ID

NO:23)

25536 (ex 1) | DSSDRKK | RSDNLSV | RRFILRG | QSGDLTR | TSGSLTR | N/A
ctGTTGCTcT | (SEQID (SEQ ID (SEQID (SEQID | (SEQID
TGAAGTCCat| NO:30) NO:31) NO:32) NO:2) NO:33)

agacctca

(SEQID

NO:29)

25538 (ex 1) | QSGDLTR | QTSTLSK | QSGHLSR | DRSDLSR |RSDALAR| N/A
ctGTGGCCtG| (SEQID (SEQ ID (SEQ ID (SEQID | (SEQID
GAGCAACAa| NO:2) NO:35) NO:15) NO:16) NO:36)
atctgactt

(SEQID

NO:34)

25540 (ex 1) | QSGDLTR | WRSSLAS | QSGDLTR | HKWVLRQ | DRSNLTR | N/A
ctGACTTTGC| (SEQID (SEQID (SEQID (SEQID | (SEQID
ATGTGCAaac| NO:2) NO:38) NO:2) NO:39) NO:40)

gecttcaa

(SEQ ID

NO:37)

25539 (ex 1) | QSGDLTR | QWGTRYR | ERGTLAR | RSDNLRE | QSGDLTR |TSGSLTR
ttGTTGCTcC | (SEQID (SEQID (SEQID (SEQID | (SEQID | (SEQID
AGGCCACA | NO:2) NO:42) NO:43) NO:44) NO:2) NO:33)
GCActgttge

(SEQ ID

NO:41)

22199 (ex3) | RSAHLSR | DRSDLSR | RSDHLSV | QNNHRIT N/A N/A
tgAAAGTGG | (SEQID (SEQ ID (SEQ ID (SEQ ID
CCGGGtttaatet]  NO:46) NO:16) NO:47) NO:48)

gcteat

(SEQ ID

NO:45)

22189 (ex3) | QRSNLVR | RNDDRKK | TSGNLTR | TSANLSR N/A N/A
agGAGGATT| (SEQID (SEQ ID (SEQ ID (SEQ ID
CGGAAcccaat| NO:50) NO:51) NO:52) NO:53)

cactgaca

(SEQID

NO:49)

25572 (ex3) | DRSTLRQ | QRSNLVR | RNDDRKK | RSAHLSR | QSGHLSR| N/A
2aGGAGGALT| (SEQID (SEQID (SEQID (SEQID | (SEQID
CGGAACCCa| NO:55) NO:50) NO:51) NO:46) NO:15)
atcactgac

(SEQ ID

NO:54)
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25573 (ex3) | QRSNLVR | RNDDRKK | QSGHLAR | QSGHLSR N/A N/A
gaGGAGGALT| (SEQID (SEQID (SEQID (SEQ ID
CGGAAcccaat] NO:50) NO:51) NO:56) NO:15)
cactgac
(SEQ 1D
NO:54)
22199 (ex3) | RSAHLSR | DRSDLSR | RSDHLSV | QNNHRIT N/A N/A
teAAAGTGG| (SEQID (SEQID (SEQID (SEQID
CCGGGtttaatet) NO:46) NO:16) NO:47) NO:48)
gctcat
(SEQ ID
NO:57)
Table 5: TCR-p Zinc-finger Designs
ZFN Name F1 F2 F3 F4 F5 Fo6
Target
sequence

16783 RSDVLSA | DRSNRIK | RSDVLSE | QSGNLAR | QSGSLTR N/A
ccGTAGAACT| (SEQID (SEQ ID (SEQID (SEQID (SEQID
GGACTTGaca| NO:59) NO:60) NO:61) NO:20) NO:62)

geggaagt
(SEQID
NO:58)

16787 RSDHLST | RSDNLTR | DRSNLSR | TSSNRKT | RSANLAR | RNDDRKK
tcTCGGAGAA| (SEQID (SEQID (SEQID (SEQID (SEQ ID (SEQID
TGACGAGTG| NO:64) NO:65) NO:5) NO:66) NO:67) NO:51)

Gacccagga
(SEQID
NO:63)

22409 RSDHLST | RSDNLTR | DRSNLSR | LOFNRNQ | RSANLAR | RNDDRKK
tcTCGGAGAA| (SEQID (SEQID (SEQID (SEQID (SEQ ID (SEQID
TGACGAGTG| NO:64) NO:65) NO:5) NO:68) NO:67) NO:51)

Gacccagga
(SEQID
NO:63)

22449 RSDHLST | RSDNLTR | DSSNLSR | LRFNLSN | RSANLAR | RNDDRKK
tcTCGGAGAA| (SEQID (SEQID (SEQID (SEQID (SEQID (SEQID
TGACGAGTG| NO:64) NO:65) NO:69) NO:70) NO:67) NO:51)

Gacccagga
(SEQID
NO:63)

22454 RSDHLST | RSDNLTR | DSSNLSR | LHFQLTG | RSANLAR | RNDDRKK
tcTCGGAGAA| (SEQID (SEQID (SEQID (SEQID (SEQID (SEQID
TGACGAGTG| NO:64) NO:65) NO:69) NO:71) NO:67) NO:51)

Gacccagga
(SEQID
NO:63)
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25814 | RSDVLSA | DRSNRIK | RSDVLSE | QSGNLAR | QSGSLTR |  N/A
ccGTAGAACT| (SEQID | (SEQID | (SEQID | (SEQID | (SEQID
GGACTTGaca| NO:59) | NO:60) | NO:61) | NO:20) | NO:62)

geggaagt

(SEQ ID

NO:58)

25818 DRSNLSR | LKFALAN | RSDVLSE | QSGNLAR | QSGSLTR | N/A
ccGTAGAACT| (SEQID | (SEQID | (SEQID | (SEQID | (SEQID
GgaCTTGACa| NO:5) NO:72) | NO:61) | NO:20) | NO:62)

geggaagt

(SEQ ID

NO:58)

25820 | RSDVLSA | DRSNRIK | RSDVLSE | QSGNLAR | QSGALAR |  N/A
ccGTAGAACT| (SEQID | (SEQID | (SEQID | (SEQID | (SEQID
GGACTTGaca| NO:59) | NO:60) | NO:61) | NO:20) | NO:73)

geggaagt

(SEQ ID

NO:58)

25822 RLSVLTI | DRANLTR | RSDVLSE | QSGNLAR | QSGALAR | N/A
ccGTAGAACT| (SEQID | (SEQID | (SEQID | (SEQID | (SEQID
GGACTTGaca| NO:74) | NO:75) | NO:61) | NO:20) | NO:73)

geggaagt

(SEQ ID

NO:58)

Example S: ZFN activity in vitro
[0199]

activity in K562 cells. To test cleavage activity, plasmids encoding the pairs of

The ZFNs described in Tables 4 and 5 were used to test nuclease

human TCR-specific ZFNs described above were transfected into K562 cells. K562
cells were obtained from the American Type Culture Collection and grown as
recommended in RPMI medium (Invitrogen) supplemented with 10% qualified fetal
bovine serum (FBS, Cyclone). For transfection, one million K562 cells were mixed
with 2ug of the zinc-finger nuclease plasmid and 100uL. Amaxa Solution V. Cells
were transfected in an Amaxa Nucleofector II™ using program T-16 and recovered
into 1.4mL warm RPMI medium + 10% FBS.

[0200] Genomic DNA was harvested and a portion of the TCR locus
encompassing the intended cleavage site was PCR amplified using the Accuprime
HiFi polymerase from Invitrogen as follows: after an initial 3 minute denaturation at
94 °C, 30 cycles of PCR were performed with a 30 second denaturation step at 94 °C
followed by a 30 second annealing step at 58 °C followed by a 30 second extension
step at 68 °C. After the completion of 30 cycles, the reaction was incubated at 68 °C

for 7 minutes, then at 4 °C indefinitely.
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[0201]
examined by the Cel-I assay as described, for example, in U.S. Patent Publication
Nos. 20080015164; 20080131962 and 20080159996.

[0202] The TCR beta locus in K562 cells has two functional copies with high
sequence similarity (TRBC1 and TRBC2) which are both targeted by TCR beta

The genomic DNA from the K562 TCR-specific ZFN-treated cells was

specific ZFNs. See, Figure 4B. Thus, initially, PCR primers that would specifically
amplify the regions around the intended ZFN cleavage sites specifically from either
the TRBC1 or the TRBC2 genes were used to separately analyze NHEJ activity
following ZFN driven cleavage for both genes. Exemplary results are presented in

Table 6 below for ZFN pair 16787 and 16783.

Table 6: NHEJ activity for pairs of TCR beta-specific ZFNs: analysis of TRBC1

and TRBC2
NHEJ in TRBC2 NHEJ in TRBC1
TRBC2 ZFN1 ZFN2 % NHEJ TRBCH1 ZFN1 ZFN2 % NHEJ

16787 16783 8.68 16787 16783 8.73

GFP 0.00 21 GFP 0.00

Mock 0.00 22 Mock 0.00

Water
Water control 0.00 23 control 0.00
[0203] The data presented in Table 6 demonstrate that the ZFNs cleave the

TRBC1 and TRBC2 genes essentially equally.

[0204]

In addition, we tested persistence of ZFN mediated modification of

TRBC in K562 cells by harvesting samples at 3 and 10 days after transfection.

Results are presented in Table 7 below and demonstrate that with the ZFN pair, 16787

and 16783, target gene modification is stable 10 days following transfection.

Table 7: TCR beta-specific ZFNs in K562 cells

ZFN 1 ZFN 2 % NHEJ
22449 16783 20.1

Day 3
22454 16783 17.7
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16787 16783 121
GFP 0.0
22409 16783 14.7
22449 16783 8.1
22454 16783 121 Day 10
16787 16783 15.6
GFP 0.0
[0205] Several ZFN pairs targeting TRBC were analyzed for NHEJ activity

following varying amounts of input ZFN (either 0.4 or 0.1 pg of each ZFN). As
shown in Figure 5, all ZFN pairs tested exhibited high activity. In this experiment,
the cells were treated with a 30° C incubation period following transduction with the
ZFNs (see U.S. Patent Publication No: 20110129898). Following analysis of TCR
beta-specific ZFN cleavage in K562 cells, several ZFN pairs were tested in either
CDA4+ or CD8+ mature T cells. Briefly, CD8+ or CD4+ cells were purchased from
AllCells and were cultured in RPMI + 10% FBS + 1% L-Glutamine (30 mg/mL) +
IL-2 (30 pg/mL, Sigma) and allowed to rest for 4-24 hours.

[0206] Lentiviral vectors were constructed containing the ZFN pairs of
interest. They were generated from the HIV derived self-inactivating vector construct
and packaged using an HIV integrase carrying the D64V mutation and pseudotyped
with the VSV-G envelope as described above. The Ad5/F35 adenoviral vectors were
generated as described previously (Perez ef al, (2008) Nature Biotechnology 26: 808-
816) after cloning the two sets of ZFNs using a 2A sequence and a cytomegalovirus
internal promoter. See, e.g., Holst J ef al (2006) Nat Protoc. 1(1):406-17. 1e6
cells/nucleofection were used with the Amaxa™ Nucleofection kit as specified by the
manufacturer for each transduction. Cells were activated 12- 24 hours post
nucleofection with anti-CD3/CD28 beads according to manufacturer’s protocol
(Invitrogen) and grown in IMDM (GIBCO-BRL), 10% FCS media supplemented
with 5 ng/mL of [L-7 and IL-15 (Peprotech).

[0207] Cells were harvested 3 days after nucleofection and gene modification
efficiency was determined using a Cel-I assay, performed as described in International
Patent Publication WO 07/014275. See, also, Oleykowski et al. (1998) Nucleic Acids
Res. 26:4597-4602; Qui et al. (2004) BioTechniques 36:702-707; Yeung et al. (2005)
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BioTechniques 38:749-758. Several of the ZFN pairs had good activity as measured
by the Cel-I assay (NHEJ from 4- 11.9%).

[0208] TCR-a- specific ZFNs were also tested in vitro as described above.
The cells were incubated at 37 °C for 1 day following the transduction prior to
shifting the incubation temperature to 30 °C as described above. See, U.S. Patent
Publication No. 20110129898. These ZFNs target the TRAC gene, results of a Cel-I
assay performed on K562 cells that received various combinations of these ZFNs as

described above showed high activity. See, Figure 6.

Example 6: Disruption of TCR-f in cells

[0209] The TCR-B-specific ZFNs were then used in experiments to
specifically target the TCR locus. Initial experiments were designed to disrupt the
TCR locus in Jurkat cells. TCR-B-specific ZFNS 16783 and 16787 were introduced
on integrase-defective lentiviral vectors (IDLV) to transiently express the TRBC-
targeting ZFNs. Transductions were performed with 0.25pg or 0.5 pg doses of IDLV,
based on measurements of HIV Gag p24 in the vector preparations, 48 hours after
activation. Vector infectivity ranged from 1 to 5x10” transducing units/ng p24 by
vector DNA titration on 293T cells. Cells were then assayed by FACS analysis for
loss of the CD3 marker and CD3(-) cells were enriched using LD columns with anti-
CD3 MACS Microbeads (Miltenyi Biotec) according to the manufacturer’s
instructions.

[0210] As shown below in Table 8, following transduction with the ZFNs,
there was a vector dose-dependent abrogation of cell surface expression of the
TCR/CD3 complex reaching up to 20% of treated cells.

Table 8: Loss of CD3 signal in Jurkat cells treated with TCR-§ specific ZFN
IDLVs

Untransformed 0.25 ug IDLV 0.5 pg IDLV
Percent CD3(-) 2.7 134 20.2
[0211] A Cel-I assay was performed and confirmed these results with up to

26% of the TRBC alleles (18% TRBC1 and 8% of TRBC2) disrupted in the ZFN
treated cells (see Figs 7A and 7B, “Bulk™).
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[0212] Next, The TRBC ZFNs (16783 and 16787) were introduced into
primary human T lymphocytes, and a similar level of CD3 disruption was observed
by FACS, as seen in Jurkat cells. Peripheral blood T cells were harvested from
healthy donors and activated with CD3 and CD28 conjugated beads. 48 hours post

5 activation the cells were exposed to increasing doses of IDLV's containing the TRBC-
specific ZFNs. The cells were then cultured in the presence of low dose (5 ng/mL)
IL-7 and IL-15 to promote cell survival and growth. In the primary lymphocytes, up
to 7% of the treated cells were CD3 negative while almost no CD3(-) cells were
observed in the untreated control and the data is presented below in Table 9.

10 Table 9: Loss of CD3 signal in primary human T lymphocytes treated with TCR-

B specific ZFN IDLVs
uT 2.5 ug IDLV 5 ug IDLV 18.5 ug IDLV
Percent CD3 (-) 0.17 2.94 3.26 7.07
[0213] Sorted CD3(-) lymphocytes could be expanded and survived over time

in the presence of IL7 and IL15 (see Figures 7C and 7D), where percent modification

15  isindicated in Figure 7D. Figure 7E further demonstrates that the CD3(-) cells persist
in the population for at least 45 days and also show that the percent of CD3(-) cells in
the population stays fairly constant over that time period. The CD3(-) cells do not
appear to respond to non-specific mitogen stimulation since, PHA stimulation results
in a decrease in the percent of CD3(-) cells in the pool due to expansion of the

20 CD3(+) lymphocytes (Fig. 7F). This result demonstrates absence of CD3 functional
signaling in the CD3(~) cells. No phenotypic differences were observed in the
CD3(+) and CD3(-) lymphocytes which displayed a similar CD4/CD8 ratio. CD3(-)
cells also maintain a central memory phenotype since they remain positive for
CD62L, CD28 and IL-7RA (see Table 10 below).

25 Table 10: CD3(-) cells maintain a Central Memory Phenotype- percent of total

fluorescence
CD3(-) CD3(+)
CD62L(+)/CD3(-) 97.6 0
CD62L(+)/CD3(+) 1.25 98.4
CD621(-)/CD3(-) 1.11 0
CD62L(-)/CD3(+) 0 1.61
CD28(+)/CD27(-) 4.66 3.23
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CD28(+)/CD27(+) 93.4 94.7
CD28(-)/CD27(-) 0.87 0.68
CD28(-)/CD27(+) 0.97 1.43
IL-7RA(+)/CD8(-) 38.8 40.7
IL-7RA(+)/CD8(+) 47 47
IL-7RA(-)/CD8(-) 3.83 2.84
IL-7RA(-)/CD8(+) 10.4 9.42
[0214] Memory T lymphocytes are less dependent upon TCR signals for

homeostatic proliferation than naive T cells; we thus investigated whether
homeostatic cytokines could promote survival and growth of previously activated
cells, in the absence of TCR expression. Remarkably, the TRBC-ZFNs treated cells
could be expanded in culture by supplementation with low dose IL-7 and IL-15, with
the proportion of CD3(-) cells remaining stable for more than 50 days in the absence
of TCR triggering. Thus, ZFN exposure was well-tolerated in primary lymphocytes
and resulted in the stable disruption of the targeted TRBC gene. Therefore, CD3(-)
cells were sorted to near purity and further expanded with I1.-7 and IL-15 for more
than 3 weeks with growth rates similar to CD3(+) cells, demonstrating that
homeostatic cytokines do not require TCR signaling functions to promote
survival/proliferation of previously activated cells.

[0215] These data demonstrate the successful generation of a novel population
of CD8 T cells with phenotypic characteristics of Ty but with surface expression of

the endogenous TCR permanently disrupted.

Example 7: Introduction of aWT-1 specific TCR in cells that had previously had
the endogenous TCR permanently disrupted

[0216] CD3(-) T lymphocytes were sorted after treatment with the TCR -
specific ZFNs and a lentivirus used to randomly integrate the WT1-TCR B transgene
as described in Figure 1 (49.5 + 30% mean + SD transduction efficiency, n=4). Thus,
in TCR-B-edited cells, expression of the transferred WT1-TCR from an integrated
vector rescued surface translocation of CD3 (Figure 8, 1% row).

[0217] In contrast to unedited TCR-transferred lymphocytes in which there
was no inherent growth advantage to expression of the introduced TCR (Figure 8, 2™
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row) with respect to the untransduced cells on polyclonal expansion, TCR § chain
disrupted cells containing the WT1-TCR could be enriched to >90% purity by
polyclonal stimulation, indicating that surface expression of the transferred TCR/CD3
complex in TCR-B-edited cells was necessary and sufficient to promote TCR-
mediated expansion of genetically modified cells (Figure 8, 1% row). The exogenous
WTI1-TCR VP chain (VB21) was expressed in TCR-P chain disrupted lymphocytes at
approximately 2-fold higher mean levels than in unedited TCR-transferred cells and
reached expression levels similar to those of the endogenous V21 chain of control T
cells and was stably maintained in culture (Figure 9A and Figure 9B). Accordingly,
after transduction with the same dose of PGK-WT1 LV, up to 22% of TCR-B-edited
lymphocytes bound the WT12.134 pentamer as compared to only 2.6% of unedited
cells. (Figure 9A, lower histogram).

[0218] Thus, in the absence of competition from the endogenous TCR
chain, surface expression of the transgenic TCR [ chain reaches physiological levels.
To verify the function and avidity of TCR-B-edited lymphocytes, we compared TCR
B chain disrupted cells with unedited cells transduced with the same PGK-WT1 LV
for the ability to lyse HLA-A2" targets pulsed with increasing WT126.134 peptide
concentrations (see Figure 9C). This functional assay measures activity by a
*'Chromium release assay for lysis of labeled T2 cells pulsed with increasing
concentrations of the WT1;26.134 HLA-A2 restricted peptide, or with the irrelevant
CMV-derived pp65494-503 HLA-A2 restricted peptide (10uM, Proimmune) as a
negative control, at an Effector/Target (E/T) ratio of 12.

[0219] Edited T cells were stimulated and 3 weeks later were tested for
recognition of the labeled T2 cells by co-incubation for 5 hours. TCR J chain
disrupted cells (denoted TCR-edited in Figure 9C) killed targets more effectively than
unedited (denoted TCR-transferred) WT1 LV transduced cells (EC50: edited cells:
90.51 nM, with 95%CI: 48.84-167.7; unedited TCR-transferred cells: 269.1 nM, with
95%CI: 175.1-413.5), likely reflecting the higher frequency and expression level of
the transgenic WT1 TCR in the TCR-f edited samples. EC50 was calculated by non-
linear regression analysis of >’ Chromium release data by using the sigmoidal dose-
response equation of the GraphPad Prism Software.

[0220] Results are represented as average SD of % lysis (*=p <0.05, ** = p<
0.01, TCR-edited n=6, TCR transferred, n = 4). To assess reactivity at a single cell
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level, cell were analyzed for VP21 expression (see Table 11 below) which showed
that, despite fairly equal copy number of the vectors, VB21 expression was greater in
the TCR-edited cells.

Table 11: TCR expression and vector copy number/cell in TCR transferred and

TCR edited lymphocytes
Disruption
endogenous POK-WITLV VB21 | % VB21+ §
B chain by or RFI* cells CpC
TRBC-ZFN EFla-WT1 LV
EFlo-WT1 LV 0.41 36.7 1.9
TCR- No
transferred
PGK-WTI1 LV 0.54 62.7 2.1
TCR-edited Yes PGK-WT1 LV 0.91 97.3 1.2
uT No None 1 32 0

*TCR expression was measured by flow cytometry and was plotted as relative
fluorescence intensity (RFI=VP21 MFI of transduced cells / V3 MFI of untransduced
cells).

YWector copy per cell (CpC) was measured by quantitative PCR as described (Kessels
et al, (2001) Nature Immunol 2 (10):957-61).

[0221] To assess alloreactivity at a single cell level, clones were isolated and
expanded from both TCR-f edited and TCR-transferred cells, previously sorted for
WT1126.134 pentamer binding to enrich for cells displaying optimal exogenous TCR
expression. Clones were exposed to T2 cells pulsed with 10 nM of the WT125.134
HLA-A2 restricted peptide (left panel) or to allogenic PRMC (right panel) at a
stimulator/responder ratio of 1. The number of specific spots is shown on the y axis
as the number of spots produced in the presence of stimulators minus the number of
spots produced by effectors alone (**=p<0.01). TCR B-edited clones displayed
reduced alloreactivity, compared to TCR-transferred cells (see Figure 10, compare the
10A to 10B), possibly reflecting the reduced risk of TCR mispairing in the absence of
one endogenous TCR chain.

[0222] These data demonstrate the functional advantage offered by expression
of a tumor specific exogenous TCR in a host CTL with abrogated endogenous TCR-

chain expression.
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[0223] Theoretically, surface re-expression of the unedited endogenous TCR
o chain may still occur in TCR- edited cells, following TCR gene transfer. To
directly assess the potential for misparing in TCR-P chain disrupted lymphocytes,
CD3(-) cells were transduced with a LV encoding only the WT1-specific TCR 8
chain gene and the ALNGFR marker (WT1-B-ALNGFR-LV). Transduction efficiency
was assessed as a percentage of the ALNGFRP® lymphocytes (see Figure 11). VP21
expression was measured on ALNGFRP® cells. The mean fluorescent intensity (MFI)
of VP21 is indicated. Despite the absence of WT1-specific o chain, V21 expression
was detected in up to 83% of ALNGFRP® TRBC-disrupted cells, demonstrating that
even a cysteine-modified TCR B chain inserted into a cell with a TRBC disruption is
capable of mispairing with the endogenous TCR a chain.

[0224] Next, CD3(-) lymphocytes are used to introduce the WT1-TCR
donor construct into the endogenous TCR locus. The donor is constructed as
described above and used in conjunction with the TCR-f-specific ZFNs to cause

integration of the TCR-P transgene at the endogenous locus. The cells become

positive for both CD3 and the V3 21.3 TCR J chain.

Example 8: Disruption and Targeted integration of the TCR-a chain

[0225] To eliminate the potential for TCR chain mispairing, we designed a
pair of ZFNs targeting the constant region of the TCR o chain (TRAC) gene (Figure
6) and obtained TCR-a- edited T lymphocytes (see Figure 12A) , following the same
protocol described to TCR- editing )and obtained TCR-a-edited T lymphocytes,
following the same protocol described for TCR-B-editing (Figure 12B ,12C, 13). To
design a complete o/ TCR editing protocol that permits rapid isolation of engineered
cells at each step of chain disruption/replacement, we generated a set of LV carrying a
single o or § WT1-specific TCR chain, and used IDLV or adénoviral vectors (AdV)
to transiently express TRBC- or TRAC-targeting ZFNs in lymphocytes (Figure 14 for
timeline and representative flow conditions/results for full TCR editing)

[0226] CD3(-) cells were efficiently generated with every ZFN-containing
vector tested and sequencing at the site of nuclease cleavage reveals the small
insertions and deletions (indels) present after repair by NHEJ (Figure 13). AdVs,
which proved more efficient in mediating TCR gene disruption than IDL Vs, were

selected for the purpose of complete TCR editing. T cells harvested from healthy
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donors were first exposed to TRAC-ZFN-AdS5/F35 48 hrs post-activation with
baCD3/CD28, cultured in the presence of I11.-7 and IL-15, and the resulting CD3(-)
cells isolated by sorting were transduced (49+29& mean £ SD transduction frequency,
n=3) with a LV encoding the WT1-a chain (WT1-a LV).

[0227] Cells with rescued CD3 expression were then sorted, stimulated with
baCD3/CD28 for one cycle, and then exposed to TRBC-ZFN-AdS/F35. The second
round of ZFN exposure yielded up to 23 + 4% newly CD3(-) cells, indicating that
primary T lymphocytes are permissive to multiple rounds of ZFN manipulation. The
CD3(-) cells were sorted and transduced (18 = 7% mean + SD transduction
efficiency, n=3) with a WT1 TCR-P chain LV. Expression of the transferred WT1-3
chain again rescued surface translocation of CD3, which was now co-expressed in
balanced proportion with the WT1-TCR Vf chain in TCR-edited cells (Figure 14 and
Figure 15). In contrast to unedited TCR-transferred lymphocytes, TCR-o/f disrupted
cells could be enriched to near purity by polyclonal stimulation following TCR gene
transfer, and homogenously expressed the high levels of WT1-specific TCR required
to bind the WT126.134 pentamer (see Figure 15).

[0228] These results indicate that surface expression of the transferred
TCR/CD3 complex in TCR-edited cells was necessary and sufficient to promote
expansion of the cells with the desired specificity for WT1 (Figure 14, right plot).
Disruption of the o and § TCR chains was confirmed in TCR- o/f edited cells by Cel-
I analysis. No phenotypic differences were observed in TCR-transferred and TCR
o/B-edited lymphocytes, which displayed a Teym surface phenotype, as evidenced by
high expression of CD62L, CD27, CD28 and IL-7ra. To verify the function and
allogenic response of the fully edited lymphocytes, TCR a/p-edited and TCR
transferred lymphocytes were polyclonally stimulated.

[0229] Three weeks after polyclonal stimulation, TCR-a/B-edited and TCR
transferred lymphocytes were exposed to either 1) T2 cells pulsed with increasing
concentrations of the WT156.134 HLA-A2 restricted peptide, or with the irrelevant
CMV-derived pp65495.503 HLA-A2 peptide (see Figure 16A) or ii) WT1" HLA-A2"
(black in Figure 16B) or HLA-A2 (grey) leukemic cells harvested from AML patients
with (dashed symbols) or without (full symbols) pulsing with WT1126.134 peptide
(50nM). Figure 16C shows similar results where allogenic PBMC were used as

target. All assays were performed at a stimulator/responder ratio of 1. Specific spots
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are shown on the y axis as spots produced in presence of stimulators minus spots

produced by effectors alone. * = p<0.05, ** = p<0.01, *** = p<0.001.

Example 9: Potential off target cleavage analysis.

[0230]

In silico analysis was used to identify the most likely potential off-

target cleavage sites for both the TRAC- and TRBC-specific ZFN pairs as described

in Perez et al (ibid). Sites were identified that contained up to 10 recognition site

mismatches for either heterodimer ZFN pairs or homodimer pairs, although the most

likely potential off target sites for these ZFN pairs were all targets for ZFN

homodimers. The most likely potential off target sites identified are shown below in

Tables 12 (TRAC) and 13 (TRBC).

Table 12: Potential off target sites for TRAC-specific ZFNs

Label

Chromosome

Start site

Sequence

#

mismatches

Gene

OT1

20

20683361

AGGCACAaGCAAIGTCAC
AAGtACcaTGCtTGTACTT
(SEQ ID NO:76)

6

RALGAP
A2

oT2

10525974

AGGTACAaGtAAAGaCGT
ATGaACTTTGCITGTACTT
(SEQ ID NO:77)

GCNT2

OT3

135000000

AAaTACAaGCcAAGCCAA
GGTGgCTTTGCGTGTAaA
T (SEQ ID NO:78)

OoT4

18

60239118

ATaTACAattAAAGTCAGC
TTTtACTTTGCagtTACTT
(SEQ ID NO:79)

ZCCHC2

oT5

48500931

TAGaACAtcCAAACTCTGG
ACCGACTTTGCaTGTcCA
G (SEQ ID NO:80)

ABCAI3

OTé6

141000000

ATtCAaACaCAAAGTCCCG
TGGAtTTTGCITtTAaAT
(SEQ ID NO:81)

oT7

2463159

ATGCAggaGCAAgGTCAC
TCTGACcTTeCtTtgeCTT
(SEQ ID NO:82)

10

OT8

18

4312947

ATGCACACaCAAACTCAT
TTAagCTTTGCTtTcCAT
(SEQ ID NO:83)

oT9

11

70854569

CAGCcCAtGgAAtGTCATT
CTcACaTTGCtTGTGCTT
(SEQ ID NO:84)

SHANK2

OT10

13

57970961

AAGCAaAaGaAAAaTCAA
TATGACTTgGCtTtgGCTT
(SEQ ID NO:85)

OT11

69188623

AAGgtCACtCActGTCTGTG
TGGAgTTTGCGTGTcCTC
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(SEQ ID NO:86)

OT12

78538296

AAGCAggaGCAAAGTCAC
ATCTtACaTTGCGgegGCA
T (SEQ ID NO:87)

oT13

108000000

ATGTAattcCAAAGTCCTC
CATGACcTgGCtTcTACCT
(SEQ ID NO:88)

OT14

28249779

CTaCAaAtiCAAIGaCAGTA
GAGACTTTGCIT{TACTT
(SEQ ID NO:89)

OT15

93810846

ATGCAacaGCAAgagCAGC
ATGACTTTGUTtTcCTT
(SEQ ID NO:90)

10

TRAC

14

23016627

GTGCTGTgGCCTGGaGeA
ACAAATCTGACTTTGCaT

GTGCAA (SEQ ID NO:91)

TRAC

Table 13: Potential off target sites for TRBC-specific ZFNs

Label

chromosome

Start site

Sequence

#
mismatches

Gene

C1

1

236659757

CCcAagCCAGggCTACTGCT
GGGTgGAACTGGACATGC
(SEQ ID NO:92)

6

C10

10

90573967

CCcTGTgCgGTTCTgCTTAA
CAGTAGAACaGGACAGtT
(SEQ ID NO:93)

LIPM

Cs

165037707

ACATGTCagaTTCTACATG
AGGTAGAACTGHCTTGT
(SEQ IDNO:%4)

C2

71186796

ACAAGggCAGCTCTglCCA
AGGTAGCACTGGgCCTGT
(SEQ ID NO:95)

ATP6V1B
1

C15

15

75401377

CegATGTCCAGaTgTACCTC
AGGaAGgACTGGeCCTGG
(SEQ ID NO:96)

C3

159730398

CCAAGTCCtecTCTAgGAA
GGGGTAGAACTGGAaTTtG
(SEQ ID NO:97)

Cl2

60766812

GaAGGTCCAGTgCaA(GTT
GAaTAGAAgTGGACATCT
(SEQ ID NO:98)

C17

17

11136639

AgAGGeCCACTcCTAZAAG
GGGTAGAcCTGGAICTGG
(SEQ ID NO:99)

C15.2

15

67440002

CCAGGTCCAGTTCTACCA
GCCacAGAtgTGagCATGT
(SEQ ID NO:100)

SMAD3

C2.2

120313989

ACAAITCCAGTTCaAgAAT
CTTtTAaAggTGGACATGG
(SEQ ID NO:101)

PCDP1
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Cé 6 166419926 | GCtGGTgCAGecTCTACACG 7 -
GATGcAGAgCTGGtCCTeC
(SEQ ID NO:102)

C23 2 114733178 | CCtGGgCCAGTgCTgCTTGT 8 -
CcTtGAACCGGECCTGG
(SEQ ID NO:103)

C72 7 4224762 | GgAGaTCCAGTgCgACAGT 8 SDK1
CAGaAGAAggGGACTcGG
(SEQ ID NO:104)

CX X 73070675 | CTaCAaAttCAAtGaCAGTA 8 XIST
GAGACTTTGC{TtTACTT
(SEQ ID NO:105)

CX.2 X 130414175 | CCAGGTCagGTTCecggAAA 8 AGSI1
GAAGTAGAACTtGACCecT
(SEQ ID NO:106)

TRBC 7 142499011 | TCAAGTCCAGTTCTACGG 2 TRBC
GCTCICGGAGaATGACGA
GTGGA (SEQ ID NO:107)

[0231] As shown in Figures 17 and 18, there are no additional bands present
in the off- site samples that have been treated with the ZFNs as compared to those that
have not been transduced with the ZFN expression vectors (also compare with the
TRAC and TRBC loci). Thus, it appears that the TRAC- and TRBC- specific ZFNs

are specific for their intended targets.

Example 10: TRAC and TRBC-specific TALENs

[0232] TRAC- and TRBC- specific TALENs were developed and assembled
essentially as described in U.S. Patent No. 8,586,526. Base recognition was achieved
using the canonical RVD-base correspondences (the "TALE code™: NI for A, HD for
C, NN for G (NK in half repeat), NG for T). The TALENs were constructed in the
“+63” C-cap (C-terminal truncation) of the TAL-effector DNA-binding domain
within the TALEN backbone as described in U.S. Patent No. 8,586,526. The targets
and numeric identifiers for the TALENS tested are shown below in Table 14.

Table 14: TRAC and TRBC- specific TALENs

SEQ ID NO TRAC/TRBC

SBS # Site (5-3) # of RVDs (target site):

101511 gtGCTGTGGCCTGGAGCaa 15 144 TRAC
101512 | gtGCTGETGGCCTGGAGCAaC 16 145 TRAC
101513 CtGTGGCCTGGAGCAACaa 15 146 TRAC
101514 | ttGAAGGCGTTTGCACATGCa 17 147 TRAC
101515 | gtTGAAGGCGTTTGCACATgC 17 148 TRAC
101516 | gtTGAAGGCGTTTGCACAtg 16 149 TRAC
101536 | ttCCGCTGTCAAGTCCAGTtC 17 150 TRBC
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101537 CtGTCAAGTCCAGTTCta 14 151 TRBC
101539 | ctGGGTCCACTCGTICATTct 16 152 TRBC
101540 | ctGGGTCCACTCGTCATLC 15 153 TRBC
101541 | atCCTGGGTCCACTCGTCALL 17 153 TRBC
[0233] The TALENS were then tested in pairs in K562 cells for the ability to

induce modifications at the endogenous TRAC and TRBC chromosomal targets,
analyzed by the Cel-I assay as described above in Example 5. The results showed that
nearly all protein pairs were active, and that the TALENs and ZFNs have activities
that are in the same approximate range. Tables 15 and 16 show matrix comparisons
of pairs of the TALENS in terms of % NHEIJ detected by the Cel 1 assay.
Table 15: TRAC and TRBC- specific TALENS activity
16A- TRAC (% NHEJ)

101511(101512}101513
101514 3.4 5.3 59
101515 59 8.9 8.3
101516 530 12,00 164

Table 16: TRBC (% NHEJ)

101536101537
101539 8.5 0.0
101540 9.9 9.6
101541 15.0 9.9

Example 11: NY-ESO-1 TCR modified T cells

[0234] T cells were modified with a NY-ESO-1 specific TCR V13 (see, for
example Robbins ef al (2011) J Clin Oncol 29(7): 917-924) and expression of the
engineered TCR was monitored. In this experiment, T lymphocytes were isolated
from healthy volunteers and were activated with CD3 and CD28-antibody conjugated
beads. The cells were then cultured in the presence of 5 ng/mL IL-7 and 5 ng/mL IL-
15 according to the method in Kaneko er al (Blood (2009) 113(5) p. 1006) and in
Bondanza et al (Blood (2011) 117(24) p. 6469). The cells were then treated in one of
three ways: Group 1 was transduced with a third generation bi-directional lentiviral
vector (see Amendola et al (2005) Nat. Biotechnol 23:108-116) comprising the NY-
ESO1 specific, HLA-A?2 restricted a and § TCR chains (TCR-PGK-NYESO1 LV) to
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generate TCR ‘transferred” “TR” T cells. Group 2 was treated prior to LV
transduction with adenvirus comprising ZFNs specific for TRAC (see Example 6,
ZFNs 25539 and 25540), and then were sorted for loss of CD3 signal. CD3"® cells
were then transduced with the TCR-PGK-NYESO1 LV vector to generate the “single
edited” or “SE” population of cells. Group 3 were treated first with adenovirus
comprising the TRAC ZFN pair 25539/25540 as above and sorted for CD3 signal.
CD3"® cells were then transduced with a LV vector comprising the NY-ESO-1 TCR
o chain and sorted again for CD3 signal. In this instance, CD3"* cells were then
stimulated with the baCD3/CD28 beads and exposed to adenovirus comprising the
TRBC ZFN pair 16787/16783 and cells were sorted for absence of surface
translocation of CD3. CD3"% cells were then transduced with a LV vector comprising
the NY-ESO-1 TCR B chain. Thus, Group 3 expressed uniquely the NY-ESO-1
specific TCR without any endogenous TCR complex and was termed the “complete
edited” or “CE” population.

[0235] The three groups of cells were analyzed for expression of the
exogenous VP13 TCR by a cytofluorimetric analysis where antibodies against NY-
ESO-1 specific V beta 13.1 chain were used to label the protein. Untransduced T
cells were used as control, and the data was expressed as the Mean Fluorescence
Intensity (MFI) observed in the transduced T cells versus the controls. The complete
edited population demonstrated the highest expression (see, Figure 19A).

[0236] The T cell populations were also tested for binding to a MHC HLA-
A2-NY-ESO1 dextramer. The MHC Dextramer consists of a dextran polymer
backbone carrying an optimized number of MHC and fluorochrome molecules. MHC
Dextramer reagents carry more MHC molecules and more fluorochromes than
conventional MHC multimers. This increases avidity for the specific T-cell and
enhances staining intensity, thereby increasing resolution and the signal-to-noise ratio.
For staining, the protocol supplied by the manufacturer (e.g. Immudex Cancer-testis
Antigen Dextramer® Collection) was followed. Samples were run through a FACS
Canto II flow cytometer (BD Biosciences), and data were analyzed by Flow Jo
software (Tree star Inc). The results demonstrated that the complete edited population
had the greatest affinity to the NY-ESO1 dextramer (see Figure 19B). The data in
Figure 19 is expressed as Relative Fluorescence Intensity (RFI), meaning the ration

between the Mean Fluorescence Intensity (MFI) observed in the sample population
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(transferred, single edited, or complete edited T cells) as compared with untransduced
T cells. Three consecutive experiments were conducted using 3 different donors. The
results (Figure 19C) demonstrated that the CE population had the highest signal.
[0237] Additionally, the cells were analysed for phenotypic markers by FACS
analysis as in Cieri ef al, ((2013) Blood 121 p. 573-584). The analysis demonstrated
that a proportion of the modified T cells displayed the phenotype of stem memory T
(Tscm) cells, characterized by the co-expression of CD45RA, CD62L and CD95.
[0238] The complete edited population of TCR edited lymphocytes displayed
high avidity for the cognate antigen when challenged with increasing doses of the
NY-ESO1 157-165 peptide in a y-IFN ELISpot assay (e.g. Human IFN gamma
ELISPOT Ready-SET-Go!®, eBioscience®). Effector cells used were untransduced
(UT), Transferred, single edited T cells (SE) and complete edited T cells (CE). The
results are shown in Figure 20A and demonstrated that the TCR complete edited (CE)
population displayed high avidity for the peptide. T2 cells were loaded with
increasing concentrations of NY-ESO-1 157-165 peptide, or with the unrelated
WT1126.134 peptide derived from the Wilms Tumor antigen 1 (“T2-WT1126.1347).
[0239] NY-ESOT1 redirected T cells were then challenged with a NY-ESO1+,
HLA-A2+ myeloma cell line (U266), to verify their ability to recognize a tumor cell
that naturally expressed the NY-ESO1 antigen. First a gamma-IFN ELISpot
(described above) was performed using the U266 or the MM1S cell lines as target
(see Figure 20B) and demonstrated that the NY-ESOT1 redirected T cells had high
avidity for the relevant HLA-A2+, NY-ESO1+ cells in comparison with untransduced
T cells, and almost no binding to the MM1S cells was detected. No recognition was
observed against a MM1S (HLA-A2 and NY-ESOU") irrelevant target cell. Next, a
>!chromium release was performed using standard methods as follows: effector T
cells were incubated in V-bottom 96-well plates for 5 h with myeloma cell lines
(MM1S and U266) which were previously labeled with *'chromium. Specific lysis
was expressed according to the following formula: 100 x (average experimental cpm
— average spontaneous cpm)/(average maximum cpm — average spontaneous cpm).
[0240] The results (Figure 20C and 20D) demonstrated that the different
populations were able to cause lysis of the relevant target cell U266 (Figure 20C) and
not the irrelevant target cell MM1S (Figure 20D). The complete edited T cells (CE)
showed the greatest ability to lyse the appropriate target cells.
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[0241] The NY-ESOL re-directed T cells were also tested for their ability to
specifically kill NY-ESO1", HLA-A2" tumor cells in a co-culture experiment (see
Figure 21). In this experiment, the effector T cells were co-cultured with the relevant
U266 cell line (“A2+ESO+") or with the irrelevant MM1S line (“A2-ESO-") for 4
days at an effector/target ratio of 1:1. The results demonstrate that the re-directed T
cell effectors are able to prohibit growth the relevant HLA-A2+, NY-ESO1+ cell line.
Figure 21B demonstrates that the edited T cells, expanded by 2 fold in the presence of
the U266 HLA-A2+, NY-ESO1+ target, but did not expand in the presence of the
irrelevant A2-ESO- control.

Example 12: Alloreactivity of edited T cells

[0242] To compare the alloreactive potential of the three NY-ESO-1
redirected T cell populations, TCR transferred (Transfer), TCR single edited (SE) and
TCR complete edited (CE) T cells were separately plated in mixed lymphocyte
reactions (MLR) against irradiated allogeneic peripheral blood mononuclear cells
(PBMCs). Donor-matched PBMCs and mock-transduced T cells (UT) were used as
controls. After two cycles of stimulation (S1 10 days, S2 7 days), effector cells were
tested against a PHA cell line obtained by the same allogeneic targets, and against the
autologous cells in a *'Cr release and in a y-Interferon (y-IFN) Elispot assay.

[0243] Simultaneously, NY-ESO-1 redirected T cells and controls were
stimulated against NY-ESO-1157-165 pulsed HLA-A2+ irradiated cells. After two
cycles of stimulation (S1 10 days, S2 7 days), effector cells were tested against the
HLA-A2+ T2 cell line pulsed (C) with the NY-ESO-1157-165 peptide or unpulsed
D).

[0244] No response was observed against the autologous cells. Furthermore,
as shown in Figure 22, lysis of the allogeneic target by Transfer T cells was
significantly higher than by both SE and CE T cells (p=0.05) (Figure 22A). In
addition, y-IFN Elispot confirmed the statistically significant difference between
Transfer and edited T cells in secreting y-IFN upon allogeneic stimulation (Figure
22B), suggesting that the residual endogenous polyclonal TCRs and possibly
mispaired TCRs expressed on the cell surface of TCR-transferred T cells can lead to
off-target reactivity, while SE and CE T cells are devoid of such reactivity. NY-ESO-
1 redirected T cells (Transfer, SE and CE) were equally able to lyse T2 cells pulsed
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with the NY-ESO-1 specific peptide (Figure 22C) with high specificity as compared
to unpulsed cells (Figure 22D).

Example 13: In vivo experiments

[0245] To compare the efficacy and safety of NY-ESO-1 single edited (SE),
complete edited (CE) and TCR transferred (transfer) T cells in vivo, we set up a
mouse model based on the injection of the Multiple Myeloma (MM) U266 cell line
(HLA-A2+, NY-ESO-1+, hCD138+) followed by the administration of T cells in sub-
lethally irradiated NSG mice. Briefly, 10x10° U266 cells were injected via tail vein at
day 0. At day 3 mice received intravenously either: PBS (U266), or 10x10° NY-ESO-
1 transfer, SE, CE T cells, or donor matched PBMC or donor matched mock-
transduced T cells (UT) as controls. Finally a group of mice received 10x10° complete
edited T cells redirected to the WT1 126-134 peptide, not expressed by U266
(CEWT1). Mice were monitored at least 3 times per week for xenogeneic Graft versus
Host Disease (GvHD) signs and sacrificed by day 70 in absence of any pathological
signs. Due to the long time required for U266 to engraft in mice, we considered
evaluable for the anti-tumor response only animals that were sacrificed at day 70. All
mice were considered evaluable for GvHD assessment.

[0246] Results are shown in Figure 23. Figure 23A shows the percent of
human CD138+ MM cells identified by cytofluorimetric analysis of cells harvested
from the bone marrow of euthanized mice. In mice treated with the NY-ESO1
redirected T cells, no residual disease could be detected in the bone marrow, nor in
the spleen (not shown) at the time of sacrifice, demonstrating the in vivo efficacy of
the NY-ESO1 redirected cells. By contrast, all mice injected with PBS (U266) or CE
WTT1 T cells had tumor cells detectable in their bone marrow.

[0247] At sacrifice, all organs were collected, fixed in formalin, stained with
hematoxylin/eosin and simultaneously analyzed by immunohistochemistry after
counterstaining with monoclonal anti-hCD3 antibodies and peroxidase-conjugated
second-step reagent to detect any possible GVHD activity and to examine T cell
specificity. Infiltration into the mouse organs would indicate inappropriate homing of
the T cells, and potentially, the beginning stages of GVHD. Pathological grading
ranged from 0 (no hCD3+ cells infiltration) to 3 (massive and diffuse hCD3+ cells
infiltration). Interestingly, human CD3+ T cells were found infiltrating lungs and

livers of 3 out of 5 animals infused with conventional TCR transferred T cells
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(“Transfer”), similarly to what was observed in 4 of 4 mice injected with donor-
matched unmanipulated PBMCs (“PBMC”) or with untransduced lymphocytes (5 of 5
mice, “UT”). Conversely, no lymphocyte infiltration was detected in organs of mice

treated with either NY-ESO-1 SE or CE T cells (Figure 23B).

Example 14: TCR editing by mRNA electroporation

A. Single TCR editing

[0248] TCR editing by mRNA electroporation of nuclease message was
evaluated as follows. Briefly, Human T lymphocytes from peripheral blood were
stimulated with anti-CD3/CD28 beads and electroporated two days later with
decreasing doses of in vitro transcribed mRNA encoding for the ZFNs pair specific
for the TRAC or the TRBC gene.

[0249] The extent of ZFN- induced TCR disruption upon treatment was
measured as percentage of CD3 negative cells at 5 or 20 days after electroporation in
lymphocytes treated with the TRAC-ZFNs (left panel of Figure 24A) and TRBC-
ZFNs (right panel of Figure 24A). In addition, the fold increase in the number of
treated cells during culture was also evaluated in TRAC-ZFN treated cells (left panel
of Figure 24B); TRBC-ZFN treated cells (middle panel of Figure 24B); and in control
cells (right panel of Figure 24B). Further, the surface phenotype of T cells at day 18
after stimulation was also evaluated. T stem memory cells (TSCM) are defined as
CD62L+ CD45RA+ (See, Gattinoni et al. (2011) Nat Med. 17(10):1290-7; and Cieri
(2013) Blood 121(4):573-84); T central memory (TCM) as CD62L+ CD45RA-; T
effector memory (TEM) as CD62L- CD45RA- and terminal effectors (TEMRA) as
CD62L- CD45RA+. UT: untreated cells; UT+E: mock electroporated cells; GFP:
cells electroporated with GFP encoding mRNA. No statistically significant
differences were found in the phenotype composition of the TRAC-ZFNs and TRBC-
ZFNs treated cells at the mRNA doses utilized (two-way Anova).

B. TCR double editing

[0250] Human T lymphocytes from peripheral blood were stimulated with
anti-CD3/CD28 beads and co-electroporated two days later with in vitro transcribed
mRNAs encoding for both the TRAC and TRBC specific ZFNs pairs as described
above. Next, an analysis was done to quantify the amount of complete, TCR-alpha

and TCR-beta edited cells in the CD3 negative fraction of the co-treated cells. Briefly,
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5 days after electroporation, CD3 negative cells were sorted and transduced separately
with bi-directional lentiviral vectors (LV) encoding for the alpha or the beta NY-ESO
specific TCR chain and a reported gene (LNGFR or GFP, respectively, schematically
depicted in Figure 25A). The fraction of single alpha or beta edited cells was
measured as percentage of transduced cells that restore surface expression of the CD3
upon complementation with exogenous TCR alpha or beta. The amount of complete
edited cells in the total CD3 negative population was then calculated by subtracting
the two percentages of single edited cells. Results are shown in Figure 25A,
demonstrating that 40% of the complete edited cell populations were disrupted at both
the TCR-alpha and TCR-beta genes.

[0251] The percentages of CD3 negative (CD3-) cells upon co-electroporation
of TRAC- and TRBC-specific ZFN mRNAs containing the obligated heterodimeric
FokI domains (ELD and KKR) or their respective orthologous version (RDD and
DRR). The percentages of viable cells were calculated as percentages of 7-AAD
negative cells gated on singlets. In addition, the composition of the edited cells in the
CD3 negative fraction was calculated using the LV reporter strategy described above.
Results are shown in Figure 25B.

[0252] The surface phenotype of T cells as described above was also
determined at day 18 after stimulation. T stem memory cells (TSCM) are defined as
CD62L+ CD45RA+ (Gattinoni ef al. (2011), ibid.; Cieri et al. (2013), ibid.), T central
mémory (TCM) as CD62L+ CD45RA-, T effector memory (TEM) as CD62L-
CD45RA- and terminal effectors (TEMRA) as CD62L- CD45RA+. UT: untreated
cells. Results are shown in Figure 25C.

[0253] Growth curves of T cells co-electroporated with the indicated doses of
TRAC- and TRBC-specific ZFN mRNAs were also determined and showed that
following an initial acute phase of cell loss the day after the co-electroporation, the
surviving cells continue to expand in culture with similar kinetics compared to

untreated (UT) controls (Figure 25D).

[0254] All patents, patent applications and publications mentioned herein are
hereby incorporated by reference in their entirety.

[0255] Although disclosure has been provided in some detail by way of
illustration and example for the purposes of clarity of understanding, it will be

apparent to those skilled in the art that various changes and modifications can be
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practiced without departing from the spirit or scope of the disclosure. Accordingly,

the foregoing descriptions and examples should not be construed as limiting.
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CLAIMS

What is claimed is:

1. An isolated T-lymphocyte comprising a stably integrated exogenous
sequence encoding a T-cell receptor (TCR), wherein at least one endogenous TCR
gene within the cell is partially or completely inactivated by a zinc finger nuclease or
a TALEN the TALEN comprising a TAL-effector DNA-binding domain and a
cleavage domain, and further wherein the TAL-effector DNA-binding domain
comprises a C-terminal truncation as compared to a wild-type TAL-effector DNA-

domain.

2. The isolated T-lymphocyte of claim 1, wherein the endogenous TCR gene
isa TCR a or TCR B gene.

3. Theisolated T-lymphocyte of claim 1 or claim 2, wherein the zinc finger
nuclease comprises a zinc finger protein having the recognition helix regions shown

in a single row of Tables 5 or 6.

4. The isolated T-lymphocyte of any of claim 1 or claim 2, wherein the
TALEN binds to a target sequence selected from the group consisting of SEQ ID
NOs:144-153.

5. The isolated T-lymphocyte of any of claims 1 to 4, wherein a
polynucleotide encoding the zinc finger nuclease or TALEN is introduced into the cell

using an integrase-defective lentiviral vector (IDLV), AAV, a plasmid or mRNA.
6. The isolated T-lymphocyte of any of claims 1 to 5, wherein the exogenous
sequence is introduced into an endogenous TCR gene, a CCR5 gene or an AAVSI1

gene.

7. The isolated T-lymphocyte of any of claims 1 to 6, wherein the exogenous

sequence is selected from the group consisting of a tumor antigen specific TCR
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transgene wherein the TCR transgene is a TCR a transgene, a TCR f transgene and

combinations thereof.

8. The isolated T-lymphocyte of claim 7, wherein the tumor antigen

comprises NY-ESO1.

9. A pharmaceutical composition comprising the isolated T-lymphocyte of

any of claims 1 to 8.

10. A method of generating a T-lymphocyte according to any of claims 1 to 8,
the method comprising

inactivating an endogenous TCR gene in the T-lymphocyte using one or more
polynucleotides encoding one or more nucleases, wherein the nucleases cleave the
endogenous TCR gene; and

stably integrating the exogenous sequence into the genome of the T-

lymphocyte.

11. The method of claim 10, wherein the exogenous sequence is introduced
into the cell using an integrase-defective lentiviral vector (IDLV), retroviral vector

(RV) or lentiviral Vector (LV).

12. Use of an isolated T-lymphocyte according to any of claims 1 to 8 or use
of a pharmaceutical composition according to claim 9 for the treatment of a cancer, an

infection, an auto-immune disorder or graft-versus-host disease (GVHD).
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Figure 5: TCR-B specific ZFNs in K562 cells
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Lo —Fh B R0 T kL4 f, A S Fa e A 1 Jwbd T 4324k (TCR) WIAMNIE 731,
H BT 20 P 2 2D — AN IR TCR 2R FH R TR AZ IR B3 TALEN 520 B3 5e A Hu B4k, i
& TALEN £0.4% TAL U DNA 25 G-3RI 1480, LA S A1 Fe b Binidk TAL 2087 DNA 25 6 JAH ¢
T4 4= Y TAL 25052 DNA 36025 C sk

2. WIBUREESR 1 B 143 B 00 T Wk EX 40 B, h BIradk i TCR JE A2 TCR @ JE [RIBR
TCRB A,

3. WIAURIEER | BUBCRIEER 2 BT (140 25 00 T Wk EL A, o rp BT iR e Fe i IR B . 5 70
F 5 TR 6 AT R I A TR I8 e X S B FR BE T

4. QAR ELR 1 BUBCRIZESR 2 HAT—TFT IR (19 2 B 1 T bk E 4t e, Lo ik TALEN 45
A E3E B UL T AR RS T 3 :SEQ IDNos :144-153.

5. WIBLAIE SR 1 & 4 FE—TUATR 2 B T bk EL A0 i, L o {5 FH 5 Bl R 1 1
BEEE (IDLV) o AAV. FIRIEE mRNA Y4 9m b8 B iR EE FE % FRR B8 TALEN [ 2% H B NPT
pxalpi o

6. TIACHIEER 1 2 5 HAE— IR ()40 B 00 T k4 e, g ek SN P 51 S A
P TCR JE Al CCR5 FER B AAVST FEAL,

TOAACRIEER 1 & 6 A TR (1) 40 S5 10 T Wk A, e Beak S5 30 F FH DA
TR i PR R R TCR S5, Forp BTaR TCR %% B [A 2 TCRa B5JE[H, TCRB %
SR, AR A A

8. WIARIELR 7 Bk (K43 25 10 T bk L4 i, L v B3 B8 it S A9 5 NY-ESO1 6

9. — R AW, AL S BRI E SR 1 & 8 PR —TRFTA K T R E4H .

10, —PFpAE AR EER 1 2 8 AT —TATIAR I T #kEL40 M 735, BTk i ik -

15 FH i B — Bh B 22 P X IR B — D B2 A 2 B H IR BEAL T 46 E2 48 i v () P U TCR 2%
DAL, I o i A% BRI DT80 Bk P TCR BE AT 5 DA%

W Bk SMIE 7 51 R s A S BRI BTIR T bk 4t o ) Pk B DR 2H

L1, GBUCREE SR 10 BT 19 7512, e v 5 FH 28 5 B e e () 18 B 3044 (IDLV) | 30 %4 59
BEEE (RV) B MM EREE (LV) B ArdsE 771 5\ Brid 40 i .

12, JIACRIEER 1 2 8 W AE— IR ()40 B 1) T bk 4 o B A AR 223K 9 Frik (1) 24
WA A AEIRITRERE AR G4 B ey e fl / B AEY) BureE 9% (GVHD) J T ¥ FH g
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E AT SHEERAEREEE R BT T WA (R EE

[0001]  AHSCHIIERIAE X 51 H
[0002]  AHIWEERTE 2013 4F 3 H 21 HRAZ RIS E GRS H1E 5 61/804, 076 FIHLIEHEL, #
Db Z H S I A T ZR B 5| AR I N .

ARG
[0003] AT AR A AE N SSYH I 10 L PR AL A2 1 Qs b, 2 A SIS A 1 A L2 4 AT 1440
Jo

[0004]  KEHTE 5

[0005]  CLZafiak H T 2L K 4 DNA SR 181 () & PO iE A A Y. SR8t i U1 B 4F T
F T 75 S 48 (a1 15 48 L 75 5 40 i DNA J3 271 [RS8 [l 2, DA A AR i3E A8 FRL5E o e 1 G A fir
AR E A, W, B nsE E L RS 7, 888, 121 37, 972, 854 37,914, 796 37, 951, 925 ;
8,110, 379 ;8, 409, 861 8, 586, 526 ; LR A FF 20030232410 520050208489 ;
20050026157 ;20050064474 ;20060063231 ;201000218264 ;20120017290 ;20110265198 ;
20130137104 ;20130122591 ;20130177983 1 20130177960, LL & % H I o # 15 5
61/823, 689, IX L& I [ AF N 2B 51 HEE I AN TR B X515 AT
H T HI R Geok 15 5 #2815 DNA J7 0 b (R 0URE W 222 (DSB) B ik 11, DA FH i 29 [
Ptz (NHED) A RITAEFE (error born process) Wi 148 & 83 HAZ 2
R CRVEA S E B HDR) 34T B 5 ] 5 350 DRl B B2 O P P I A N (480 [ 2
Ao ALE AR AL R R AT VIR, W TR FRAZ IR (ZFN) 3 S Bs TR F R
N RZ GG (TALEN) , B 318 F A TRk crRNA/tracr RNA( “BA5:[H] RNA’) f¥) CRISPR/Cas
RGOk T AR ETIH

[0006] T 4HAEAZ44 (TCR) /&P IMEBGE T AU ISBEDS 2. S5 PuiRA 284, TCR — %
SEHHPIACEE, B o AT B AL i, 90 25 RE AL RIS O B ik — A . BUIR SRR TE T 4nhd
TCR % 1) . — JE PRUSUAE — A2 19 77 Ko TCR B2 HH AN X I i, R C St s [XRH N g ] A2 X
Yrht TCR HE 12 D] B2 5 b oA 110 228 DR o8 X AL AL 7E T TCR @ BEPRIEB 4% V X B Al T IX B,
M B LR EERR V X BRI ] KB Z AMEEHE D X Bt 76 T 4K & HHIE, &5Fh X B 4,
DUMERE— T A B A ME—/) TCR 3 E ARG RER T 400, T 40 T EATmE—1
TCR Z5 44T Re %5 HH P Ji 38 240 M o ME—PUEAE BAEH . 534, TCR 25V ik T 41 g
i CD3 HURE S —H 7.

[0007]  7E T 4G AR, TCR S57E P03 240 = HALZH AW E 5% MHC) kBN
IR A FAE R o TCROTHUE -MHC B S 3H0 BT T 40 BRI 12 T 20 BRI s sk
K FECCAZ I A MR S AR B T 4 Bh4E A (CDA+) FI4H st T Wk 4i e (CD8+)
(K534 SR e, IXEe A i m] DA v T X388, DAZE BB AT — Piks s o J A HE S SER B4 T 4
JH B A o BRI SR P

[0008]  ZHAEEETE T M EEAHM (CTL) # A AFEAR AR IME A b o2 0B ). X LL4h il — X
B % 1 41 i 3% 10 b 35 7 HA 2 AT HH P D 3 2 40 i S5 R AE MHC B 1) — B8 35 SR I 55 5 4
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MO T T8, FE 0T SR AH MR T 2 J5, 24 40 M g 04 5 BR ) CTL 2 T, i 4% B 1 9k
2 ) SV 2EL % 33— 22 A a2 T A A7 B, DA I AR IR B i T o id iz itk
NPT R R R B ok, D% 7ML EICZ T A - RRLAZ T 4H
(CD45RA-CCR7—, CD62L-) FIHAXILAZ T 4L, FHRICAZ T 40 M A2 FRE Rk CCRT FiT CD62L
[¥) CDA5RA B PEZH AL, CCRT F CDO2L #2&7E R Z0 itk L 248 H 1 T 2 i [X rp )3 53 i 75 2 00 I Bl 9
Fo AEPUEHIBIT, RAXICAZ T 40 B AR AR AT I S 40 Mo PR 40 TL—4 1 TFN-y  (H2& &
AP TL-2, X BE 05 SCRF P RKICAZ T 240 B i PR R — B 38 5E . AEa@ BT, spAxicdz T
UL <1) 5, FECA S EALTE, B AT R HXIcAZ T 4ifgih sBL A 2) 2k, 3
BAARACAZ T 20 ML A B ZNIEAZ T 41 BRRRAE ARG 5 v Re AEL2 Be W a A2 21 R 8 I HE Ik
AL BT 08 NS . i & H BRIE R LR 2 T bk 4t B, [RIF OR4F R A
IR RRICIZ DI RE R B TT R (I, BRYNE R A5 EP1956080, Kaneko 5§ A, 2009B1ood
113(5) :1006-15) .

[0009] AT, — M i Jed 20 BB 8 B VR IE L i A0 RIS FHOC TCR ()48 CTL WA A R SifE
7358 T e 4 S PR e 2 0 ] PO AL il ok b ke 4% R S IR AL (=L, Boon ZE A (2006) ,
Annu Rev Immunol, 24 :175-208) . FEAERE TH ML &2 T DL NS S AF A iX ) i
e S P 7 Do She TR 8 A A A 3 24 TCR 19 CTL, LA ] 5 R F 928 b 3 , SR T 3 LS i
JEE T R o AT AT 2 35 B R R . s |, AE 2004 45T BB 58 765 A7 A AE B 35
ANAS [E) R i 2 1 B FR RS2 VR YT B R R, o ANAE 3. 8% [ AR 3 TR 8¢ B e B
(£ 0L, Rosenberg ZE A (2004) , Nat. Med. , 10(9) :909 - 915)

[0010] I KPR 72 LA SRR SIS A e 1t T 4 Bons Bt 228 ELAT B o g 470 SR 1)
iR A 77 TCR 1) CTL SV 38, 7E AR SRR B9 A, DL ROR S R A N R o
BT SR AE Sy e A e MR R AN R A A B R SRR S A L, DOk 4k 2 S ey R L A
o XFPRMAYAAE G ES L R SARRCES 77 CTL Z23%, W— H Mg 455 K,
IX L i () — LA 012 T A R B I OIS F BB AR R R N AR iE B K . 7E 2002
F 5E I — T 97 3% B A FH AT I e AT I8 P kAT Sy FE v i, L 4k M Sy riki i &
RIT I R R 2RI AE (Dudley %5 N, (2002) Science, 298 (5594) :850-854) . U
SRAEIT G 1t 8y 7V 2 (R BEAT 4 B e, MM B e FL 2 85 (Dudley 58N, 2008, J Clin
Oncol, 26 (32) :5233-9) .

[0011]  BRT, A& & A 77 TCR 52 50E T R ARE R 5 I ¥, Toik Bh47 i 4k P 4
FEIT e DR, AR A AE DL E BB S A A S A VR T OB T 40, 32 DR R R i
AR A EARSUE, B0 o o R 1) B g% RGu it IR oA B s on A 010 T 40 v FE 1K)
BB T SR L T AR 52 . Kk, B B UCRIIE K 4w o A F9 I TCR [
PRI BRI T 10 T 40t (S0, Rubenstein ZE A, (2003)J of Immunology,170 :
1209-1217) o f¢ifr, AT R I B0/ BRABE A, 78 3 N D& S gp—100 SRR B Hr
S NS TCR 2[R (1) 4% o B2 iR S 9 IE R R R4 2 f5 , RILBE A St LB E 1
b B> (Abad 28 A, (2008) ] Immunother,31(1) :1-6). TCR YT EEEAE Morgan
2 N (2006) Science314 (5796) :126-9 I Burns %5 A, 2009Blood 114 (14) :2888-99 H145
IR .

[0012] SR, AF4AT TCR ¥ AL PR 246 32 T A K3 A 5 K 2 B L R A2 U7 15 o0

4
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IR IR 5, BT TCR % 5k DRI 3R a8 S 2R 1 7 A0 SV UL B 4 N B R DR A0 A, e AR AR AR
()0 B Fa AN R A Fir 75 e 8 DR )9 N RT3 3500 R DROGF T TR DR () 52 i, DA A BRT R 1 4B
T L AT [ 52 M B R FE DR UTER o AL, 78 TRRAL T A b 5 BT 3 NI TCR A% BE PR L 3R Ak 1)
PUYR TCR 2 R AT 51 S Y& TCR WU A TR T 40 i i 1B BT 75 )38 BT TCR 6 E K 5
P51t TCR VA7 A5 O B A R U PEBE I TCR A1 S EUWAETIUAST AT T 40 f i HE
T A5 )8, B A S 0 T B R A (K] TCR TV B A7 5 YU TCR &5 1 I S — B4k 5
BT IEME TCR TR B AT XS 52 DR I B IR e g . sk b, DRI IR A0 SR B R TR
TR A4 S B2 TCR 1 5 350™ 5 1 A4 Ao 75 P 1 RS Aok D278/ AR (Bendle 25 A,
(2010)Nature Medicine, 16 :565-570) FI A2K4H g (van Loenen £ A, (2010)Proc Natl
Acad Sci U S A,107 :10972-7) iy iite F4b, et ek TCR A BLIR S LK AE 4l e 5
i E3RIE, X HT S5AEMRRD EREE SV F 1 CD3 4N IR TCR 2 [8]
FI5E 5. Ik TCR FAL g2 MR LA T MM 25 A TR 77

[00138]  Wilms MWEEHLE (WIL HiJR ) R E AR P RIENE RS 7 E2G, 5
JR RIS R T/ D E M, ARG 4. 80, CRIZPUE ARV 2 A1) A R
FIsEARE ik ik (S0, Inoue 25 A (1997)Blood, 89 :1405-1412) Ff H A {E A /EIX Le4H
Morh ik = K. T WIL AR IR A IR, WL 7fERe g i i as g oo
AT T4 I ERIA RG] TSRS B B B AT I~ DL 2 B 1 WT L 1G9 158
A 73 VAR 1L IR TCR Y H A AN AL FE TR TCR . TR IC 1 TCR AR A% S 3 22 T 40 g vp Jf B
TR ThEE (Kuball 25 A (2007)Blood, 109 (6) :2331-8) . HdE ]  BARFIL A WT1-TCR
ARG R T 20 Mo 5 TS 2 A B A T TCR S 20 T 40 oA B B B I 5 N 2, (H A2 7E
FHWTL HUR AT TR 5, A s R s B 2% (2 I, Thomas 58 A (2007) J
of Tmmunol 179(9) :5803-5810) o #+HWr, RN AT 46 B DRI e 1~ Dtz B A2 45, 5 R
TCR KA ESTC R AT 7E WT1 47 7 14 TCR &% S IO 4H B By ILRAL WT 1 555 1A R FEAE R, 3
Z WL E LR AFS 20110158957,

[0014] 55 —Ff g #7052 NY-ESO1 . NY-ESOL & Bl [ <CT (1 fiogd 7t J5 48 v il — AN R
R AT A AR 2 AL TP Rk o NY-ESO1 S W04 TR B A B osg 2838, IE = T
SR R I T MR S 3Rk, IMoeg 2 Y 05 5 1D I yed LN Ivyed &5 EL I ek 5 v
FHFE Sk 308 v R0 5050 BJRa 22 R T B R SRR BN B e L B B R R R g | T
B R g L R R R (= 0L, Gnjatic ZE A (2006) , Advances in Cancer Research,
B0, RIEEA SR LL R Ab T BR AR . T2 KB40 i i sk = 23K, NY-ESO1
OB TIE RS . B, 4K NY-ES01 & A FRIE T E7 ik O &3 HIEw A T
I RIS o« SR, AL 3 Ph 7 VR A A R, IR T AR B A ARG 1R
T UM AE ™o B4R, VF 2 NY-ESO1 BH P [ied i) he 82 v b ml A B HH 4 NY-ESO1 it
A4, AEL SR ARATT PR IR TSR BE 0 R B G g SO N o — PTBRAE I M W T v T R R NY-BSO1 31
JR B moE G F1689 TCR. AT APR 8 = MAS [ T 408 )5 s AR & 1 NY-ESO1 #5774 TCR
FruE TCR #2315 = T b3 T EF R (2 W, Sommermeyer 25 A, (2012) Int. J. Cancer
132 :1360-1367) AR IVEFAFict 4k P Sy 7 A K AR BE TCR G 75 Bt RER M. &0
272 0T NY-ESO1 551 TCR BNk &5 (= W, US8367804 A1 EP2016102B1 HH [ HAA 5K
TR ) o I A AT I AT 76 Im AR H A E 22 NY-ESOLTCR #% 3 ()4 i LR 1

5
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H AR LA RYG ST NY-ESO1+ B RS 1 R 2 SR B 8 PR A M PR (8 3 o B 11 A4 B
B PR EIAT 5 A MR, HLAE 6 441 LA M AR A6 3 oML BT 4 44 IR
% (Robbins ZE A, (2011) J. Clin Oncol 29(7) :917).

[o015]  [AIH, (/588 75 B2 REHE R BT it TCR e R [A 3 AN LB et p Ra O h AL 54 BEAT
5 EL AL PR R N R TCR FE R 1 75 VAR A4 o

& BAHEE

[0016]  ASCAFH TH# 2B AR BUE Wi IR TCR 2K A AW T3 2, LA KA
TAEWT LN PR TE TCR 2[R . J5 B3 S Wi IR M TCR &R [RIRS M, K 4R TCR #55 [R 3N
T Wk A M I H 3R 38 2 B R /K I S A 7%

[0017]  fE—ANJ7IH, A SCIR LSRR Z BRI (ZFN) TALEN, B3 B T 0% TCR ZE A1) L
FEAL B3 18] RNA 1) CRISPR/Cas R 40, fEH L5l /7 27, ZEN, TALEN B3 CRIPSR/Cas %R
B4 A BIANZE TCR a JEPR W R SEA7 s f / BUNZE TCR B (R H (S04 A 78— LE sl 7 &
W, X B BRI /E TCR ZE R R AT )% & S8 TCRa A0/ BY B DRI R R AW (414,
KA/ Bk o

[oo18]  FEMLULsiff 7 &b, IR EFEEIEE A . SR EATARE 1.2.3.4.5.6 BEZ
AN, B FE e B 45 A B IE D A BB AT 5 A TR o FE RR RS T R, BEfR R
AAFE 4 8L 5 8L 6 DMEIREH (M NIHE| C 388N F1. F2. F3. F4. F5 fil F6, DL KI5
FPi F1 3 F4 B(F F5 B3 F6) , I HARIRES M A HEER 4 NI 5 o th B9 R ) [X ) 2 5
RPN/ SO AITER 4 FIR 5 rhoR SRS 5. 7R B sy b, IR 2 n] AR A
ARG B ARG E R 77 il AR R AR L 5 (repeat variable diresidues, RVD)
() TR S BT TALEN, B ntn e 14 v s Bl R fE e B B Rz e i I (i 4n, 11s &Y
FELA 1R Y DR / BROKJE FE RZ BRI ) 1¥) TRAC A1 TRBC 43 5% TALEN, TALEN 4A03% C 8551,
Bl Lb B A TAL C I 7 81 A B /N C o X (920, a+17 B3 +63C ME ) o C HE /7 FI4E
FH L5 8,586,526 HAFTHIAR . FHMYSEHE Ty 055 CRIPSR/Cas #% B2 2 4t 1 F i,
Forp B 5 0a) RNA L4 F TS AZ ER B AL 13 B TCR a 71 / B TCR B 31 h [ #8457 55
[0019]  ASCHEARAZIRES P AT — AP — AR IR/ B (Bl , B A A
B THEAL Fok T YI# 48, B0 KA IENE PRI S B R BRI ) « PRI, 7E AR SCHEA 1Y
L BRI AT — AN v, AR I 3 m] A0 45 A R A R B B 3 A R B - 48 (9T, Fok T Y11
). fEHE ST R, IR (440, ZEN F1 / B TALEN) A5 TR0 % B B 5 3
3, BT B P2 R AR R TRRAL Fok T Y11, 0L, HlanseE LR 7,914, 796 ;3%
[ L F 5 8034, 598 F12E [H L H AF5 20080131962,

[0020]  7E 55— 71, A NH W RIS A TR MR T — M 2R . A
IR Z 2RI — R n] AR TEE MR AR TCRa AT/ B TCR B &K W 4R 5]
(HEAR PPN ECE N T 3 ) o FERE LS ST T 28 v, A4 e 71040, 4 P 470 i e 5 2k TCR 5% 2: A
oo TCR 3% 3L K /& TCRa B[, TCRB B3N, VLR B A AERE sy v, %
FERALHE NY-ESO1 5 Sk LR, Horp NY-ESO1 45 S PERE FL R & TCR a B4 JE[H L TCR B #5 4E
Rl PARCEATTRIA S .

[0021]  7E X —AJ5 1, SR HE A SCRUIA I 2 4% 5 1R 10— AN B2 2 10 2 DR 346 8 2 A4

6
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(B, AR/ BUZERRE ) o BB 7 B, Bk I EE ik (19140, Adb/F35 %K
), B SR R AR (LV) (EHERA UG B R B B A B b Y1 os B3 044 ) o DRI, AR
SCERERME T R (AD) BUAECE LV, B FEgRAL 2 /0 — MR B A% RS (ZFN) L TALEN
B # CRISPR/Cas 1% A1 HE-F 5] RNA (PP 2 AT/ BUH T 08 s B8 B 0 5L D b i AR e 91
FEHELL ST 7 S rh, Ad B ik A B Ad BUAA, 491201 AdS/F35 ik . B REEE ST 7y 2, 1897
BRI A B A S B A (IDLV) B 85 AR Bk ik . 7R s )y =, 3%
Mot B VSV-G B EE LA e AR R 3k . 75 5 AMOSEit Ty v, SEIEDR A AR
TCRa JE[H . 7EFELesLitJr Rrf, SRR & AR TCR B FE Ko AR SCHER (1) 34408 AT A 5 {44
FE B o 7 Sy AN SE i 77 S, (AR 7 B LR R e T 32 %3 MHC/ FL R 52 AR N 28 TCR ZE [
7E— S8 ST 75 2 b o, B P B A AL RE R T 52 900 MHC/ ST R A A TCR a Z: RN
/BUNIE TCRB JE[A, EFELL ST 2, B — R B FE b — PhE 2 P ZEN, TALEN B3
CRISPR/Cas & E AW 25 AUA P 5. fEHEseiE s &, fHMEFEE &8T5 8
&, H ZFN—-, TALEN- B # CRISPR/Cas 4t /5 FIAFAE T 55 8k o /£ 53 SN ST £,
ZFN—.TALEN- B¢# CRISPR/Cas #uhd/FHI AL T 5 — 8k, H32%0F TCRa ERE/ET
—EA T, DL SR 5VE TCR B SR T 5 =8k rp, 76— S5z &b, K52 957 TCR 3
DRI A\ PR 14 TCR 2R A7 B, FLAE e st 7y S w1 32 50 TCR 2k (R A\ B A Lode 196 1
DR B , B 7E 4= [N A1 3026 2 JE 4 N\ B B b IR . 7E— S8 st 77 S, F T TCR #4E [K 4R
PR B BE R B 2 PPPIR12C B[R B (AR A AAVST, 2036 [ 45 8, 110, 379) o EH:
BT R, W TCR B RHE AN B CCR-5 HEF R, 20, EE RS 7,951,925,
[0022]  {EN—TJ7 M, AAFHFRMESEM T ARELIH, TSR e g 53 T
TP ESL 2 L ) 32 DR 2L v R A5 3, L T 96 B P P R G TCR 32 R FH AR TR AZ PR R B 2 C
H TALEN ( B AT C ym @i %) TALEN) #5458 At . 7ERE st 77 v, 41 f o 4%
AICHER I E AT 2R/ SR RAT— A ERLE sy R, 40k 5 UL A
FRIZE - T-40 00 / FHZH M, T 400 (., CDA'T 400 ) « 78X —J5 10, AR AFF N Rk —Fh
AR SC PR IA 1 40 B Bl 40 e RAL AR A B 4E i &, BR—Fh S TCR & — A
B¢ £ /1 ZFN\ TALEN, B¢ & 45 5 CRISPR/Cas ZEREFEIAL AN / B 1 4hd TCR HI A 2 1%
1 L 22 A e Hh S 5 B0 40 M (1 DR AE Hp B A A AR (i, A5 37 h ) IO 40 MO B 4 i &2
DR, A SCRT R (R A M 1) AR B n AR A SCHER 8 A5 2 % IR R/ B4,
{HZEIX SO 2, TCR 2 DRI AL AN / B4 AL TCR (144 22 42 16 o 245 B L DR 28 b A/ B
[0023]  fE5—T5 M, ACHA 7@ MR N EAR.ZRETRMN / B38EFAR
ASCHTREIR 40 B R4k TCRZE R 518 o 7EARSCHER I VAR AT — A h, ZEN TALEN B3 F
5% CRISPR/Cas #% B2 1] 175 A 41 i DNA J7 21 1 418 i) 175 48 S pal S SR AN/ B 206 48 o 1D %
oA 2 R P AL R 3R B ) 2 . PRI, AR RS St 7 42 P, ZFNL TALEN B3 7 5 1k CRISPR/Cas
ZIRR TSR R ) — AN B M TR FE A — DN AN L T RS . /£
BESLE Ty 28, TCR JE[AHH ZFN, TALEN B35 45 7 1% CRISPR/Cas R BT HIHAL, SR 5 34T
A FIVR o i o 70 S 7 28 v, B E DR v (1) 35 DR 4 970 g A, 480 s A P A ST A
IR ) ZENTALE BY#r 7 1% CRISPR/Cas IR ( B 9ht ZFN, TALEN B ¥ r 7 1 CRISPR/
Cas % REG %044 ) LA ZFN, TALEN B s 57 CRISPR/Cas 1% B2 B #E AT #E (1 7] 81| f5 45

7
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NBFE R AR 751 7R RS T S, S A7 FIHE NY-ESOL [771 . fb44 751 A]
AFAET ZENJTALEN B % %5 53 1% CRISPR/Cas IR M A& , /770 T Sk (a0, Ad 544
B LV Bk ), B B ACHE AT S A AS IR A% BRI ML 4 N 4H

[0024] 7% —J7 [, 3404 445 85 19 . TALEN B4 1% CRISPR/Cas A% FR G & H: g4
e RAF TCR BEPAIAN / BB A0 Mo B 41 ML Z (1) TCR ZhRe i PRtk e it —Fh A T4t
A NSEZH B 1) TCR JEPR 1 77V2:, %77 12 EL 45 1) 40 B it FH AR SRR 1 8 1 R B 2 % 1R
FAE—

[0025]  7E N —J5 1, AR B N R B A — P B T Y897 BCE TR 52 & e i e e 5 &
G R A / BB BUTE 0 (GVHD) BIJ79%, %7 ikAE () Kgmig s — 2 kIR
— IR TN (), R A e A A S ), o B — 2 RS - (1) SRl
TALE-DNA 45438, 1Z 8583 TALE DNA- 45 5484 TRAL T 454 31 TCR [ (1 55— 4R fr
s PA K (L1) YIRS AR AT AT 2 IRAEH MU OB I 2640 T 5 1% 2 KRS FRZ IS A B 04T 1T
FEE VIR YRR TCRZE A s BA K (b) K dmbd sl — 2 IRIMEE i T N4, s — 2 KE
i« (1) FE4REET TALE DNA- 25518, iZEF4R B3 TALE DNA- 45514 TR 454 2 TCR
FEDR AR R AR AT R s DA K (i1) DIBIIE RS 2 IRAE A M Hh IR SR R i 2 IR
ZING A B AT I ELUTRINIE TCR 2 A s P (o) HBAFERILEESF T MHC Z&59)H )ik
FRE R BRI — B A TCR ZE M A% B2 1 58 = A MR S N4H B, LMK =R S ABIN
TCR 2R FF H B A Br 3 N RIS =A% 1R 40 Mo v Y7 BURR 52603 B A% 4w~ B & Sk
IR/ SRS E TR (GVHD) o« fER-LLsi r rh, B IR (a) - (o) AATEMARIMNEAT I
BIER R (o) 2 e BiEa s N2 W PR fER sy rh, dhd—
BN TCR R 5 =B A AR S B+ (%1, PGKLEFL a 4§ ) I4sHil NIk . 75
Heg sy &, —ANELE AN TCR JE PR 2 AE 5 [ J5 3l B 45 il T MOSUI e & (g4, A% A 9
B 20 IKELFE IRES P31 ) B Bl R IAANH TCR FEH 2 Fh LV SR FRIE . 7EH Lo 52 7
P AN B DT ARG A/ AHAE R, B T M. FEARSCREAR I T AT
— A IR PR 2K, o 5 2 IR - (1) FE4E B TALE DNA- 45
Ak, BEFREE TALE DNA- 45 A 80k 48 TREAL M &5 5 21 TCR I R [ 58 — 847 5 s PA KL (i)
PIENE s DMESE = 2 IRAEA e3R8, 55— RIS — 2 IR Bz 45 & B 3% B A B () B 7
MR HUIE TCR A .

[0026] 75— 5 1, AN K B N 23R A — il T30 97 B3 TR 326 & M i i 7 v,
RS : () BHREE - ZRNE - ZR SN, RS2 KEH (1) 845808 TALE
DNA- &5 538, Fe PR B TALE DNA- Z5 A4 TREAL T 45 A 1) TCR 2 A o i 35— 8B 47 A s DA
Jo (1) DIk sAEAH 15 2 IRAE4 i SRB R 24F R 1% 2 IS B384 & BSR4 S 9 BT
YR TCR sBA K (b) B 4mD s — 2 KIS IR S NI, b2 — 2 INEHE . (1) 45
Bl # TALE DNA- 45538, S4Bk ¥ TALE DNA- 45 5182 TR 45 & B 22 i L 4 (safe
harbor locus) (40, PPP1R12C.CCR5) HISE—#EA7 il s LA A (1) DI sAEA015 2 ik 7E
IR RIBIEAE T, 2 I IS & BISEAL 2 JF HAE e a3 3L K B (40, PPPIR12C,
CCR5) T HEATIIH] s LLAL (o) KB fhgmis s T MHC -5 e fr iR 1 — P e
AN TCR ZE A AR IZ BRI 38 =X R B NAIHL s LA K (d) W4 T N2l RN . nlig 4
TCR % 57 ZFN, TALEN B3 CRISPR/Cas 1% PR 3 4t FIAZ IR 545 5 T % A Ws L (R R (1) ZFN,
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TALEN B CRISPR/Cas IR % 4t A S MARIZ 2 73+ RIS SN, BOCE AT AE S5 — P IR o 2
fi5h TCR %7 M ZFN, TALEN B3 CRISPR/Cas #Z IR R4t AL IR = NN, SR e I AE 58 — P 9%
W SN A EE R BE (4, PPPIR12C, CCR5) #E5F: 1 ZFN, TALEN B3 CRISPR/Cas %R H
RGNS ZIR 7 FERLLSEHE )y S8 b, HAKRX L 73+ 9 b5 I Jed 055 201 NY-ESO1 .
[0027] AR BH A 2RI B AL —Fh FH T TR B ¥R 97 521 3 B e B 5 1, ik A w5
IR FRL 3N 2R R, Horbops S X R AES : () gt sl — 2 RIS — IR, Hoh &R
—Z NG (1) EHIRECE TALE DNA- 45548, FE4REUH TALE DNA- 454 1804 TRk 1 45
Al TCR PR R (58— 8047 A1 s DA S (1) YIEIE s AEfE 18 2 IRAE AN P RIK 28 4F R, 2
JOR 3 F 2 0 45 4 BB A7 05 FLDE IR TCR 2[R s BL A (b) 2wt s 2 BRI S8 i, H
S 2 BREHE (1) EE¥RE0E TALE DNA- 45 538, Z8H R B3, TALE DNA- &5 5404 T 7%
A 454 B 22 A HE L DR B (4201, AAVSL. CCR5. 985 . HPRT 25 (& WAL L IR E
LH S U.S. 8,110,379 MEE L F] 5 U.S. 7,951,925, LA L HHiE S 13/624, 193 Fi1 5
13/660, 821) HHIE -S4 5 s B A (11) IR s AEfE 1R 2 IKE A R RIE KT, %%
JRHE HH 238045 A B A7 f JF H UT# e A s 2L R e ({5l 4t, AAVST. CCR5. & [ HPRT) LA
J (o) g =2 RIS =R, K8 =2 KE4H : () S8BT TALE DNA- 454538, i%
FEREGE TALE DNA- 45 G384 THEfb 45 & B 22 s AL R EE (4401, AAVST. CCR5. I EE -
HPRT) w58 8047 i s LA S (31) DI s AEATAR 2 IRFE 4 i b SR R 56 AF T, 2 K3 FH %
BRSPS 5 I HAE 22 AL R ()40, AAVST . CCR5. [ 25 11 HPRT) Ab41#]  BL A (d)
AFE g EE 7 T MHC 24 Y0 1 Med 5 e Pt 5 i — N B2 A TCR 2 R I IR R IR 1 58 =%
g s DMETIE A J5 TCR J PR B4, DA TH 22 A ds LR (451140, AAVSL, CCR5. IR
HPRT) A ¥ T MHC B &1 e e s 5 1 TCR & R4 A2 IR TCR BRI . 7R
S 7 R, AR (d) 2RI ORI AN E RN PR RS LSt
77, AR IR 75— S b e i 0 NY-ESO1 .

[0028]  FEASCHEA M TNERAE— AN iR SR IE RRL AT H T IE — M A 2 TR
(hd ZFN B35 TALEN F) 2 - H IR / BUHHA Z 118 ) o« Ak, FEAR SCHER R T A A4 A
MIEAE—A T, 4H Rl o4 e / fHAn i (a0, CD34 40/ ) , B3 T 4 (fsiltm, Cp4 ™
4HHL) .

[0029] b, AR SCHRER BT VERAT — AN AT FERE I TEAR N AT/ B A S . 7 R A St
T7 e, T RAEAR SN S, 1 a0 B0 PBMC (9201, T 4 ) , LAH 15 PBMC Hr 5 T3
FAEMIRE LR /MHC A4, MiiiaT7 323838 IR o nIya 7 A/ BP0 s AE 1 3 PR il
VRS e RIS e B U 45 B - A 0 « O S0 o0k B8 L i 2 o
[0030] [t fjik

[0031] & 1, /INE] A BB % Wilms MR 050 (WT1) K5 e MR 1800 B AR A A SR A
K] 1A #5127 AERA] PGK B3 EFL a JE 3 F 4861 T, B gmhdfe 57 T2k B Wilms 8 B
1 (WT1) [ HLA-A2 PR IR B 25 A AR A I L FH P IDE 2 R 1 1 TCR (1) 225 B vt B 1) &5 = A48
B (LY) PRIEE .S WL, Amendola ZE A (2005) Nature Biotechnology,23(1) :108-116
13 E LR AF5 US2006200869. [ 1B S 2 /E dng/ml 1) TL7 F1 TL15 BIFAE T 7=
S HE I T 1 CD8 4 M V B 21TCR AKX FE T B . 1% VB 21 FHXT LR (RFT)
THENAEL PGK-WT1 (450 E T ) B BFL a —WTL( “X”) 2 DRMG i At bk E0 40 e v 0 )
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VB 21 BIPEEIBOEIREE (MFD) / A8 RARZEIE VB 21 (9 T i Il &5 VB 21 i MFT [ L,
[o032] & 2, /NEIA B C, RS TCR MR 1A S & SRIG A . 1] 24 i T 7E 2
e TORE AML 838 (BRE N AMLL CRr 2 MRS ) JAML2 (A5 SR ) VAT AMLS (2
AL = ANEES ) (19 WTIHHLA-A2+ B WT1+HLA-A2— (B R ) AR (1 i 4 i 2 i » i
M PGK/mCMV XUSBF 24 (ZEM 4 MHES AL ) BEE EFL a /mCMV USRS+ (4 4 A4
SNEL ) FOEHEIEDN TCR (B4 S WTL+HLA-A2+ 1 WT1+/HLA A2- ZHfi ( Frdiom ¥ )
AR AML B3 K562 difn (B MIAEE2% ) AN bLE S v IEN 42, 14 2B AT 2C
WAREE TCRABMARI AN RS K [ AMLL T AML2 (5248 SO R P ) 11 7 M09 JE 4 i 4 45 1
oo MR TE SRR ECE IE Y WIL IRM¥ (RARIE ) HLA-A2 R0 I A77E T, 48 TCR
AB VM 4 40 Ao 1 L9 Jo 4 R PO 81 A % 5 1 4 L

[0033] &1 3, /N A 1B, At 2 704G 40 17 30 22 4 b B DR B 1) ZFN b5 GFP i — 8 S N2
JGH) GFP RAL K. 1l 3A FHIE] 3B S2 R 15 i FH K Ad5/F35CCR5 e 7 ZEN (18] 3A) BX
# Ad5/F35AAVST Hr5E ZEN (& 3B) LA K. —IDLV GFP fit44 DNA & ¥ E&AHIS1K) GFP FHPEZ0
M o LK.

[0034] [ 4, /NE] AR B, #5445 Pk TCR-a 1 TCR-B 443+ (1] 4A) 1 TCR- B A
(& 4B) K. B 4A #i%: 7 AHE WL R 3Pk TCR-a A1 TCR-B ik 4+ 1 & JF Hon
15 CCRS A7 U FIVR I X 8. &l 4B $i%: | K562 4l h P4~ TCR-B fEE X (TRBC1 Al
TRBC2) () K ZH 4k AT

[0035] & 5 i % K562 4 g 7 T %F TCR-B 5 5 7 ZPN (K948 1 ¥ 4 Eb, 0 i Cel-1
Surveyor "fFCIIE ( “Cel-1 WE”, Transgenomic) FTINEN]. 7EM 0. 1ug B 0.4ug
[¥) ZEN JFURLEE Yo 2 I ST QAT 30°CEE o FE4T IR R T8 E 4 L
[0036]  [&] 6, /INE A FIT B, FHi 22 /E K562 4 MU TCR- a r -t ZFN BB 5 73 LL, WA Cel-T
IS FTINER . B 6A fizeoe T Horh ZEN S8 B4 25 1 FANLR) Cel-T W 5 R . K
6B i e T Hirh ZFN 81 B 40 S 3 1) Cel-T S5 TCINSE [ 45 . “GFP” #5878 BN 1% GFP
I 5L G A . AE 56 O AR R 1 B8 (NHE) ¥ be. B, 48 IL7 A IL15
(IAZAE R, 220 CD3— Ik 40 A3

[0037] P 7,/NEIA BT, 54 ZEN A SH0%F TCR- B HITTIE 78 PR A4k 5 T {8 i TCR- B
R PR ZEN X 16783 F1 16787 R4 S A5 T Jurkat A 2 7R 4 JeR i &b %) CD3 {5
TR (2. 7% CD3 (-) ) 20. 2% CD3 (-) (ZWsLhE] 6) o Kl TA NI 7B 7Rt 1 Jurkat
2 TRBCT (B 7A) T TRBC2 (18] 7B) Z:[AIBEAL [ Cel -1 % £5 39 H s &R A TIE
iR — 4 HIRHAR R T FTIE MRS % . B 7C ERLAE TLT M TLL5 [IA7AE Rl 47
T CD3- AR MR EL 4T M G B AR . “UT” $Rn RACFR RN, & 7D Jx /e A TCR- B
Fr S ZEN b FRAE ) JEAR T 4 I U 30 A2 U (NHET) 23 B, A A Cel =T 30 5 V2 il
SEMN . “IRA Bulk) a7 F ZEN AT () 240 Bt B S 0 21 (%) NHEJ 5 43 Eb, 1fi CD3+ B3
CD3- 75~ X4 43 3% 2hy CD3+ B CD3— [ 20 i i L0 2] 1) NHE o “UT ” 415 73 A< Ak FE 1 400
FE46 T IR0 7% FH U SE A DU ¥ NHEJ 7 43 bb o B TE &4 CD3- 4R i & 43 Lh i [ i
3 HL A IR AN R 5 ) ZEN A BRI (9 40 i o, CD3— 40 M 25 I [ HE RS F0 47 35 2% (L
BHRE 45 K, CD3- UL H A LR FFA M EE ) « B 7F &% B43% % TCR/CD3 ThAEEM
CD3— 241 Hu (%) P A R A 240 A e 7 T B e PRI 4 e 40 24550 T HH B4 2o B i, 78 TL7
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A IL1S F7E 2 T 40 REME LT, CD3- 4 fufERs 7= 736 9F HO& A2 e 1, CD3— il e A
I 22 b AR 40 43 245 9 HLAEFRF TCM R AL

[0038] &I 8 45 Zw e SR AR T bR ECL 4 it o () TCR- B 6 D) 8 7 HL 3 5 N5 S 1k TCR 5 3 [
(1) S50 WS AN FACS 45 2R o BT A3 FH IRV e AS AL 28 1 A T Ik 2 40 e, B S ) IDLV 457
(1) TCR- B ¢ 7 ZFN FALER IR 5 12 CD3 (=) JRAR T 4R iR EL A e o RRAR BRI & 1 A
5 EP1956080, 45 PR 7% 42 76 F IR T8 A5 5156 CD3 1 CD28 FRIFLAAS (9480 K /I () Bk 01 38 T
YN J5 T SE IR, 3 HAE IL7 (5ng/ml) F1 IL15 (5ng/ml) WIAELE T HE4T 40 Mo 35 DAE 4=
R S PRI TP ICAZ AR LA . G TR, fE R TCR- B p 1k ZFN Ab PR 2 5 4% 73 i%
CD3 (=) , R A 18995 TR 441 WT1-TCR B V21. 3 FIWT1. TCR a %% JE R R ATL 24 3 B PR 4 o
[RIZH 7N tH AT 6T CD3 RV B 21, 3 P38 HEAT YLl 19 2, X FR 7R J5LAR T bR EL 41 g n] 22 p A
F TCR-B 51 ZEN BEAT NHEJ 1 42 77 PN ¥R TCR B3¢, i J 48 3 N G DR 8 (PGK-WT'L)
ST TCR 1 237 48 A R e e MBI . A IR, UT 48 ol H A 4 A\ 1) PGK-WT1
I BAHECT 48 ZPN A FR [ CD3 () BEE (FE 2 SRR 5 46%6.92% ) RILH BN
RKILVB 2L 3 AT bk (26% ), IXFE7R IR TCR 1 1 388 ] gt 4 e R 10 R I8 J2 %
LY TCR I ThEE

[0030] &1 9, /MET A B C, #5%: VB 21TCR [R5, ] 9A Hi%: /£ CDS'TCR B FEWT 2L IF H
WTL % S HI4008 (TCR-B 24041 )« RgmENI WTILY # S 4000 (TCR #5521 ) F1FIAHIA]
(R4 35 2 Ak AL FR () R 36 Sk 4 1 VB 21TCR Kk ( BT BT ) I WT 1,0 501 A
ity CFHETTE) . E9B/RHT VB 21TCR R FE KM 2. BAV B 21RFI fFIME + 4x
HEImZE (SD) (n = 2) Fn. RFI ZMIEAE CDS'TCR L4its (0= ) iE TCR L1
(AR ) KMkEgr b & VB 21 (I MFT/ £ERIRFIR VB 21 [ CDS'T 2 fitg o ) & 1)
VB 21 i MFL I EL 235K . 18] 9C 545 TCR £ 4 B8 A1 TCR 4856 12 (1) 410 o 1 28 Bt 25 12 I 52
ER. DhREIS TR AR RN / SEkR (B/T) EEo 12 B, A YRR O SE AR T Y T2 40 AR A
PRI A A DN 1Y), AR BRI ) T2 2 L FH AN W A FEE () WT L6 15, HLA-A2 BRI BRE U, B
F FAFHZR AT CMV— SR IE T pp65.4gs 50sHLA-A2 BRI FIE (10 0 M) B AENEATEXT IR . 45
DAZH BRI fife %6 P J54E +SD SRR (e AR p<0. 01 3 fX5R p<0. 05, f ] 2 - BAr e ke,
TCR &4 n = 6, TCR &M n=4),

[0040] P& 10, /NE] A FT B, 542 WTLTCR- BHYE T 410 52 P AR A T RESEPE, Wi v TPN BEE
Ho BB s (ELISpot) W5 Bl . ook s 52 T H 10nM 19 WT1 06 15HLA-A2 PRl ¥ K
B T2 408 (/NEL10A) , B AL < 1 IRIEA) / RLE ) LA 2 R T 1R Rh A4 PBMC (/)
K 10B) » FTALIUBI A BT S (B 0= MM BARIE ) FMEBEA vy & EoR BN E R
VIIAFAE N = A BT BRI 25 B AR B ™= AR B e (W3 . 45 7R TCR-B & 4wiE
(1) v B A S5 HE P, 25 P YRR IR TCR S K119 25 119 TCR 4256 8 1 40 M B8 v P B (O L i s
PEs

[0041]  [&] 11 Hi% ZFN 440 AT R S 4 i v B 21 Ri&. CD3(-) 42
M\ TRBC 4 bir 222 () 968 2 40 A A s 48 R 4t i mh 2 e 10, I ELZE AN T3 n B9 MOT " 224w 5 WTL
SR TCR 19 VB 21 FEPRT A LNGPR DRI LV 2 5 1 (0L T 4b i B, 1% B R
T VB 21 BT A LNGFR R E LRI ) o & FRHCEREMEVEE A A LNGFR™ I 241 e %6 FF
HBRH VB 21 RILZAE A LNGFR™ 41 i I = 1 JF H B R &5 TV B 21 2[R Al R 1A
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FHE W TCRa #E— B RATEER CD3 &Y. ~th 7 VB 21 P35Ot (MFD) .
[0042] & 12, /NEIA B C, #4424E FHE [A) TCR 122 R4 ZFN Ab F8 5 114 R A ok EX 40 e o £ €D 3
Tk o B 120 HEZ: b TCR a (1) N S HE DRI o (1) &1, B PRI R 4K 18K sTRAV, B A] AR [X LA
TRAD, B Z2 £ PR IX B s TRAC, RIE 2 X (R o [R5 6 |07 W7 19 /2 B B — TRAC-ZFN
1) () TRAC H [ L R ZH DNA 7 51 o 6] 12A A FF 8 A 73124 SEQ 1D NO 109, BA A DNA J3 31 K
SEQ ID NO :108. ¥l 12B ##i%: 7 #£ 4] baCD3/CD28 #l)#, LA 5ng/ml [ 1L-7.5ng/ml ) TL-15
B89t H R EE T TRAC-ZEN IDLV (¥ J5AR AR B2 40 B v, FH 9 2t e A 00 = () 400 Jf 3R 1D €D 3
FIAMIN . #3277 CD3 () 4UMIKE S bb o UT BHe R SHIYIML. 24161 CD3 (-) 41
Mo H WT1- a OFP-LV 4% G, M1 T2 CD3 fE &L TR E A i 3218, &l 12C #4541 Bk,
BN 2 52 T TRAC-ZEN [ JEACHR L 4 i ti F Ce1-T I 5E I & RSB L R W 37K F o 7
THRRE AR (w/t) RERE ST BARTERI ™Y (NHE]) $578 ZFN 5] S5
IR, “UT” Rfe REH SHI41H.
[0043] & 13 5257 F ZPN AbFE ) A Sk EX 40 g 1 ZE R 2 TRAC ZFN SEAT 55 36 43 5 371
B3 SERE DRI, DAIA ZEN 5 S B . J7 A LEXHE R AT TAES X Y ZFN i 3 (1) 6k
FHFEN (indel) o ZEFNFERFTRE R I 5E B E , W45 88 8RB 30\ B 1 TR 1 2
H. K 13 BB 5 A SEQ 1D NOs :110-143,
[0044] & 144447 ZEN a2 Ja i CD3 ik FJi /MR T Hodt A TRAC-ZFN-AdV (MOT
1000) A BTG 14 T Ik EL 40 i LA 43 3% CD3 (-) R EE 4 B, SR J5 FH 3 1 g—p24/ 1041 g 1)
PGK-WT1-a LV # 3 LA4ri% CD3 (+) 4HMRMIAF A A S . R H T CD3 /R4 SHI4H i (1R
MRIE. fE—ANJAREN 2 BRI )5, A TRBC-ZFN-AV (MOT 10%) 4b3E o ZgmiErIake
YA A4 3% CD3 (=) 4, HA 3 g—p24/10° DML PGK-WT1-B LV 5. R THE A
JE I 22 v IR S A5 SR 4E M | VB 21TCR AT CD3 (R ik mH T H— Rt
MEREEE 5 b, I HAEGES Fas T SEIR R ) 28
[0045] & 152 TLH SN ZENTIHIZL TCRa / B 4 A4k CD3- 41 ffd, B i F WTLTCR 4%
FLAArIE CD3+ 4L (TCR £29m%E ) 1) CD8 (+) T 4l R4mEHIIZ WTILV 5 FRI41 2 (TCR
SRR ), UL ARG IR 26 R A B R R 3% SR 4l B i i VB 21TCR Rk ( BT BT
B ATWT L g e LRSS (R HEAE) « i TCR £ 4B 4 oA 3% T e A A7 4
PR A TCR 8 PRI 9 2 (1) I8 28 v R A B AT B i P 1 V B 21 Rk B diid ‘o TCR &9
R RRAE T B A R ZH TCR DRI 1 S LS 20 i J 7 6 WT L IR B s 456 1
[0046] ] 16, /NEI A B C, 4] v IFN ELISpot I 52 Fri it 1 22 5 RIS i 1 bk 2. 20
(KD RevE T I . 76 2 v BRI =8 2 Ja, % TCR-a / B Z4u$H Kk 4l LAl TCR 244
BRIl EE T 1) AW IR WT 1 e 1o HLA-A2 BRI (4 S0k B0, B3 FHASAE D2 1K)
CMV SR 1K) pp65.4gs s0sHLA-A2 IRELE) T2 20 (2 DL 16A, B M) B3 11) M WTL 06 154
IR (50nM) B (FRECRT T ) BE AR WT1,5 500K (5ONM) BB (SEZARTS ) 1Y AML B2k
SR WTLHLA-A2 (+) (& 16B B ) B HLA-A2 (=) ( Kth) AR, K 16C R~ il
T H A ERP AR PBMC FAESEAR ISR R . I llE 2 0L 1 1 RS / RIE) e
SERT o R PEBE B B AR y Bl B R AR RN AR AE T AR B B E k2 FH AR
JSEA B AR B R B E o % = p<0. 05, *% = p<0. 01, sk = p<0. 001,
[0047] & 17 #5477 55T ] TRAC %5 57k ZFN HEAT B 8041 80 (0 4 4. AE3EAT T80 11
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ZFN Ab PR 2 5, I Cel-T HHECINSE R4 #r 95T TRAC 7 Mk ZEN(£E silicio 73 B s -
(1)) ) 156 A Al RE VB AE I EE A7 il o BRI FE IR BEAL mUAE LR B MR TR i - R
[RIFEA (UT) s7E TRAC 75t ZEN AR 431% 2 f5 o TRAC B (TRAC-) HIFEAS s7EH] TRAC
15 5 ' ZFNL TRAC %% B [RIRH TRBC e 531k ZEN HEAT I 4R A0 38 DA R AT i 8230 IR M ik 2 S5 N
TRAC [FIMEAT TRBC BRI 4H M (XU FIME ) AEH] ZFN bR 2 J5 % I3 TRAC 1T TRBC J [A] Jo2
NBHMER DA A A 1 A 5 A2 78 TRAC AN TRBC #6 AL R AN ( SEdidning ) s
7E ] TRBC 5 5P ZFN SdhAT Ab 38 I HLZ2 9316 J5 % TRBC BT RI4HAE (TRBC-) o ¥AERY L
BUAT SRR 12 PETRRILT .

[0048]  [&] 18 4% 7 5T FH TRBC 5 51tk ZEN 34T R ¥R B 14 40 B 76 3E4T ZEN 1% Ak
B2 5, H Cel-T #5HCIN5E K4 B8 T TRBC 5 M ZNS (£E silicio A4 iR iR a1 ) 1Y
15 NEAEIREAL 5 o TR MR ELAT SSAE LR 5 FREAR R 0T R EE S HUREA (UT) S7E
TRAC % 7 11 ZFN PR 43-3% 2 J5 24 TRAC [P (TRAC-) HUREAS 78 F TRAC 5 5% ZFN, TRAC
BLHEDRIAN TRBC e 57 Pk ZEN BHAT & S Ab 38 DL S AT 3 B30 IR N 401 2 5 o TRAC BHPEAT TRBC
FHERZm A (XUEERHPE ) 78 ZPN AbFE 2 J5 % YR P () TRAC T TRBC 3 R A BH P 4T, BA
MAFAEAT R RE AR R 42 2 TRAC A1 TRBC 3% BE A 20 ( se et dmi Y ) B /£ TRBC 4%
SR ZEN FOREEAT AL FE T HL22 3% 5 o TRBC BAPERI 40 (TRBC-) o i dB47 S tnge 13 W fr
FRICHT . TRBC 22 7 i iX B A% A Fp FRUH 047 55 A2 1

[0040]  [&] 19, /META B C, SR T NY-ESOL #7571 TCR (R E LA 5T HEEFR 4 & o
19A 7R T I NY-ESO1 R 57 TCR ¥ 3 [1 T 4liffe (“H%H8”) 54 TCR ¥ '3 2 B 56 TRAC
S ZFN Ab PR DA ER WU TCR- o R4 ( “SE”) B 7E NY-ESOL Hr i TCR ¥ F 2
Hi TCR—a 1 TCR-B HEPN & HRA PRI AM (“CE”) Z[AIMEEL. ~th 7 HRe P TCR /£ =
BT gUBREE AR R IA . B 19B SR Y T NY-ESO1 k20 Rk dextramer HI454 554 11, IF
Honth 7 B &8k e NI TCR #E A B4R (CE) B Frillial ity T 40 B EAd b g s 1)
GiaorA 1. B 19C &M 3 MR R EHARAT 3 ANk In (1 P IME R EIfE . &AM
FIFESRR H “HERE” 45 5L, FhiRI A2 R “SE” 2531, e A M A AE 27 HE “CR” &5

[0050] &1 20, /NE[A B D, #5241 AEE 19 R HGARR T 4 M BRI &5 G A0S TE . 1B 20A #i2
TASIEI R T 40 B R AR R T NY-ESO1 B4R FI IR 455, 1 ] 20B #5227 T 4 e HLA-A2 |
NY-ESO1 (MM1S, “A2-ESO-"") B fifiJi 41 fe R B HLA-A2+, NY-ESO1+ (U266, “A2+ESO+”) &
BRI RN G X WIS A RIS L2 EEm MBI . 8500 T 401 5 80
Y1 M ST VA AT RS 77, A VS BRI s BT 4 T (B 20C T EE 20D) 5 DA BRI 3 A
BT XA, 229051 TCR T 4 M AH 5C SR8 i 1 20 B v e 15 o 29T &1 20A.,.20C
20D, RADEAM UT) ZH @7 s 402 I IET7 e 8 I sSE 42 H AR
H ) sCE 2 VW RH 1.

[0051]  [&] 21, /NE A B, #5457 IEREFR SLIG ARG T 20 B B 4400 40 B i AR KAl o [
21A 54 7 HET U266HLA-A2+. NY-ESO1+ 40 i, HLA-A2—. NY-ESO1— {AFHE MM1S ZH i)
ARl B 21B BIR T AE U266HLA-A2+ NY-ESO1+ #EARIKAEAE T, B30 T 40 1 2
5o

[0052] &[22, /NEIA B D, & F 2 NY-ESO1T 2 o i) [7) et S A7 s 1ot 1 A R i o TR 22A R T
RN/ BERREE SN 50 <1 I, Brde 7~ 40 B2 2 b 40 B s i 1 4 B o 18] 22B 7t T B /s 4
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MRy - T4 (v —IFN)ELISPOT il 52 . & 22C 7R HE T FH NY-ESO-1 %5 5 P4 Bk BUR ) e
Ta 7~ 20 e Hh 40 BV A 1 43 Bl T P 22D Z T 20 B AR A ST B R 0 ) 1) 40 i
[0053]  [&] 23, /N AR B, 42 7 B4R 8 (AN LR AT AL 38 16/ B B R AR 2 R M i i
J8i CD138+ 4 fifd (hCD138+) [ bk (& 23A) FTH AT Fa 7~ I 40 Bk AT b 22 (197 5R [19973 BET:
45 (hCD3+ BN ) (K 23B) .

[0054]  [&] 24, /NE A B C, #5427 Pl 4wb5 ZEN [¥) mRNA H3 28 FLIEAT (19 TCR St . 1] 24A 5
2 1 AT TRAC %7 5P ZFN mRNA ( 72 &) B3 TRBC #7 5P ZFN mRNA (47 &) #% ZFN HL %
FLEIH G 2 Ja 58 5 RECES 20 R, fEFTHR~FIELL ZFN 75 1 TCR 5. & 24B 4
27 22 R TR 40 A K B B A R, ) TRAC e S ZEN 4 B A 40 M AE i 22 B R AT
TRBC-ZFN &b ¥ {40 i 78 v 8] B o b, s BRAE A7 B PR o “UT” A& 48 R AR FE [ 41 Y
“UTHE” @Al L L4 M. ] 24C R T BRI 5 55 18 R/ R IR AL H
43 Eto FH TRAC-ZFN Zb 2 (4 Mo AE B A2 B 7 HY s TRBC—ZFN &b (1) 441 o A o i) B o s H
MR A E R . T TIeiZ4088 (TSCM) # 58 XN CD62L+CD45RA+ ;T HH X ic 12 41 A
(TCM) 4% 7€ XA CD62L+CD45RA- 5T ZL R IZAT ML (TEM) %5 LA CD62L-CD45RA-, H 3 R4 B
) (TEMRA) #% 52 SUN CD62L-CD45RA+, UT : AR AbFE A0 M sUTHE A58 i % FL A 40 g 5GFP
F 4% GFP [ mRNA FEL 27 FL A4 L

[0055]  [&] 25,/NE] A B D, #6547 A ZEN mRNA HLZEFLBEIT FAUE TCR w1 25A 7R i
T HT B AR (A M) CD3 B PR 4 TCR-a FITCR- B 58 44 4 45 1 40 B 1K) &= 1K)
REMEA M. H— TCR-a B TCR-B #4miE R4l (724 B ERLET TR Rt ) BIEE 54
MENEHINE TCRa B3 B HERBHAT IAMS R CD3 FIR RIS AR FAME H 5
Ebo CD3 B M A B A o e 50 4 G D 200 MR ) = SR i BB s 26 PR PR 48 B — G () A ML ) F
AR SR B 25B ARt T AE AL B Ik 0 R T IR 4K FokT 4k (ELD A1 KKR) Bi# &
AT 2 B 2R [FYS AR A (RDD F1 DRR) « Zh5 TRAC % 5 ZFN 1 TRBC 4 5k ZFN ) mRNA 33
AT ILEI AL ZEFLI CD3 B R4 ML o A L B B (2B o TR E 4t (FE BT
[T 4G ) vk SR IR LR A ALY T &L - R & D (T-AAD) [N
a3t T-AAD FR N B SUBEZ IR o T-AAD BV AT RO EERR , (E 2 BE i 7 iE W AN i Bl & AT 4
IR . P 258 B4 M/ B T 48 g e A0 0 M A5 P 21 B BT i i) LV 0 3 IR e mes i
S CD3 PRI o A e B — AR AR R TR 3 2 7 HE e R AR E bk (AEZR AN
30%.40% F1 49% ) sRE—FEARI P RIER R B BEM g AL B b (WA ZE AT
FEZ N 6% 44 %1 21 % ) s DAL R —FEZR I N 8030 7~ th TCR- o # gmE U4l BB i E 43 Lk
(MEZEFKIFES N 64% 16 % F130% ) o K 25C R TZERIB JG 56 18 K T 4t 2R 1
KM TR T YRR A A S AR HIEE 23 7 H 8 SN CDB2L+CD45RA+ [0 4248 i
(TSCM) 45— FE4 E AR B B 55 3B 7~ A 8 SN CDB2LACDA5RA- ) T Fh MR iCAZ 2 e
(TCM) sBp—HE 2% B M Tiom A T 58 30 7~ e SO CD62L-CDA5RA- (1) T A RZ 1 AZ 41 i
(TEM) 5 DA S B — A 25 1 B T 4 7s HE 4 52 SN CD62L-CDABRA+ (13 XL M il (TEMRA) o
“UT” e ARACER AN . & 25D 7~ th FH 4 8 I = [ TRAC- 2 57 ZFN mRNA F TRBC %7 57 4
ZFN mRNA St [A FZEFLE T 40 i At 28

= RN
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[0056]  ACONH T #L[A] TCR Z: PR IBEIRIZIRAE (ZFN) AT TALEN (TCR-ZFN A TCR-TALEN) .
XL A7 IR g A7 A A AN £E TCR 4 A5 X rp 56 1 52 O A7 i Ab S BOURE T 8¢ (DSB) o« 7E. 4w B4
TCR & PRl PR v ZEN B3 TALEN 413 ROAL sl 5 e PR XUBE T2 (DSB) HO A AT S EA R4
M CELFEASE T4 ) TP EJNYR TCR B AW e PEAT K A B . 1K S840 i m] i il v %
CD3 (-) 4L, SRS 4E TLT M1 TLIS L35 FR40 M M AR it s B eAh, ARSI 7 TR
JITEFE R TCR B FE D, 28 Fh AL R 2 B 7 [ 08 [ 485 B U TCR JE PRI ) T VAR 540
[0057] M

[0058]  [&=lE S A7 Ui B, 45 WOIAS T VA ) S B, RA AR SO I O A 6 P ) 1) 46 5 B FH R AR
UL ARTEE A B 737 A 5 A BB i 45 A A2 A rH SR A A e B o L B A
DNA FIAH IS4 () H R o X B RAE SR b A 78 ik . 2 0, 41201, Sambrook 4%
A, MOLECULAR CLONING :A LABORATORY MANUAL, % —hf, Cold Spring Harbor Laboratory
Press, 1989 #1588 =k, 2001 ;Ausubel Z£ A, URRENT PROTOCOLS IN MOLECULAR BIOLOGY,
John Wiley&Sons, New York, 1987 J% H: 52 1 5 37 sMETHODS IN ENZYMOLOGY % %1 A 13,
Academic Press, San Diego ;Wolffe, CHROMATIN STRUCTURE AND FUNCTION, % = MK,
Academic Press, San Diego, 1998 ;METHODS IN ENZYMOLOGY, % 304 %, “Chromatin” (P.
M. Wassarman fll A. P. Wolffe 4% %5 ), Academic Press, San Diego, 1999 ; L A METHODS
IN MOLECULAR BIOLOGY, & 119 #&, “Chromatin Protocols” (P.B. Becker Z@% ), Humana
Press, Totowa, 1999,

[o059]  E X

[0060]  RIE“IZIR”.“ZIZHIR” M MR IR & v A AR, I HEfa i £z iz
HIRBUZIEZ HIRE S, 7] DL BB YR, B2 s QR . T AR TF
WA Y, X R TE A B 5 AP LRI IR 1l o ATE R 32 R M ZH IR B NS4,
PASCAERAS BN/ BB RR AR 7 th g AB A AR R (490, AR R % ) o — Rk, e
R R B ELA AH A OB OO e S S ED A 2R BG 5 T #EATRRE A o

[o061]  ARiE“Z K7 B A« A B W] BRI TR R R E Y. iZAR
I IE H T Hrp — AN B2 AN R R S AH B ) R AT AE AL 27 A B AR R AE I
BREREEW.

[0062]  “45i& 748 KT LI (BN, & A BAZIR A ) W FE sk AR A B
o ANEOREE S EAE R I A #8270 Pk (B0, 5 DNA S8 b AOBE IR ik k4
fil ), REAFAE AR FR P IR R RO T . A B A — R AE Dy 10 °M Bl SEAR
MREEE K)o RN RIS GHE KNS GRS EERK KA.

[0063] “Zi&HEA” ZREWAMME SR N—rTHEH. FE5EARBE S 25
DNA 5F (ONA 254251« RNA 40 F (RVA 68 B1)) FI/ B4 F (BB AEIN)
AEEALEEAREL T, EAS O EATHATIE S URREE Rk 5=
%) A/ BE AL G EATE AR AREAMAAE AN ARSI T. HEEAT
AR LSRR A RE. I, SHR S 1B DNA 5 RNA £ BT Y65 2

[0064]  “HHR DNA £ 5 S 117 (SR 45 20 0) B F R S B B L 03, e —
A AR BT TS 5P % DN, AR HE 28 2t B 0 T T A
2 A B I BT UK. RIS DNA 25 4 B AR S B BB 1A SR ZPP
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[0065]  “TALE DNA- &5&3” 83 “TALE” 2B — B E A TALE ERI / A2 K.
O AE TALE 454G 21 H [R5 48 DNA R rh irid Sy B— “EH B Hon” (Mg “ &
27) W2 33-35 DM B K, I AR H 5 RRAFAEN TALE & A b (9 H & TALE
PRI 2D — 2P B [FYEVE . TALEN ARG H AR C ol / BN vm ki (9, C WA / 3 N
B). S0, HlnsEEER S 8,586,526, fEIE T 5| AT
[0066]  £F4E 45 G40 TALE 255 38] “ 4 TR DAZE & B FE BIAZ 5 1R 7 71, B an 48
RIMAFAE R ERFR B TALE 28 (A Y SRR e X 480 T4k (2B — A B AR RER ) -
I, T2k DNA 5580 (ER4RECE TALE) ZaERINFAEN . TREAL DNA &5 A%
(AR PR 1l PR S et A . Wt DNA 45 &8 A 2 JAE RARTFEAEN , ¥ 1 DNA 45
AEAKBE / AW R EE R A FEVEMEN o BH A FE P o ) ARG BRI A
VAR N, tEEVLEEH T A BRAF I A ZFP A/ BY TALE B vk A2 A 20 2 s 1
B R, S0, 62 E LR S 8, 586, 526 36, 140, 081 36, 453, 242 ;F1 6, 534, 261 3 LA K
2L WO 98/53058 ;WO 98/53059 ;WO 98/53060 ;WO 02/016536 F1 WO 03/016496,
[0067] “HiEPERI” EIEE AT E TALE REHRRAPAGFAENEAR, EAHTRK ™
A EORIE T A, v R AR R BOR AH BLAE R PR R sk ik . 2 WA
W U.S. 8,586,526 ;U.S.5, 789, 538 ;US 5,925,523 ;US 6,007,988 ;US 6,013,453 ;US
6, 200, 759 ;WO 95/19431 ;WO 96/06166 ;WO 98/53057 ;WO 98/54311 ;WO 00/27878 ;WO
01/60970 ;WO 01/88197 ;WO 02/099084.
[o068]  AiE“FEF” AR AT R BT 31, %7 5] 9 DNA B RNA s A A ELEE
IRIR A B3 S B I ELRT A BBl B B . ARGE “ A P27 & e 38 A\ B 3E R 2H 1%
HIRIPH . Ak 7 T n] AR, BIAn7E 2 ASF1 10, 000 MZEHBRKE 2 7] (BiE EE 2
[ B Tz a (AT AR ) , P A2 100 /MR 1, 000 MZH R K JE 2 8] (BRiZIE
Pl 2 TR FEATART B ), SEARIEHIAEZ) 200 ANHT 500 MZE IR K JE 2 7],
[0069]  “[FIYEHHAE— ) FF” AR — P F 55 P53k = — R 751 [F— P,
BT S E AP F R — . a0, G559 B R B A T P 51 1) 2 4%
HIR 5 R F N 7 51 2 FIVEAEASF — 1 73RS 7 S vh, TRAN P 31 2 18] F ) 98 P
J5 2 VLS VPRI A IE 5 Ay LR AT e AT [ RIVR 4 o A RIEEAS [ — [ 3 20 m) oy
RS, I LN AE RV PR B — B (49 Q0 , kT 3 ik 0 e =] 905 22 2H R AR
TR R s R et ) B i 22 10kb B B iy (90, kT4 Ja DRl N e A v FiE
B R UL o AL RIS AS R — PR B IS 2 % 5 IR A ESR OV R . 94, m] 8 A
20 1 10, 000 ™2 [ FZH BRBUZ H R A AN 2 ZH R (HD, A Z TR ) »
[0070]  FH-T-Hf B A% BR AN R 13 51 [R] — PR AU A & AR b T . 105, AR E
FEHA 8 F AL DR mRNA (A% H R ZUR / B 8 O g i (R 2R 1R 7 1, X L e 31 5 5
CHHRBEER TS L. AT Py S I LR S A B . R, [ A
AAETE IR 2 B IREE KT P NIZ T IR 5% T IR B AL R 5 2 A R T N VR o AT
T ERADERZ AT (2R EREEER ) KFE—ME 2 R B P, ik
BIRIE & B R P 51, TN R F I [A]— 11 23 B A& PN Bt e 27 2 TR) i T T e 25 B B DA
BT E IR LS R DL 100, ZERFF I ALEE X B Smith AT Waterman, Advances
in Applied Mathematics,2 :482-489 (1981) ¥ &) & [l YR HvA$R . Z A vk n] i f A
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Dayhoff, Atlas of Protein Sequences and Structure), M. 0. Dayhoff %, 3F|5E 5 iR,
3 :353-358,National Biomedical Research Foundation, Washington, D. C., USA H & Flid
it Gribskov, Nucl.Acids Res. 14(6) :6745-6763 (1986) JH—4LHIPF %0 KB T2 2L R
FE3 o N5E e3[R — 11 1 29 BU R AR B2 1) 7 490 PR S Tt v 07 R 2 N 22 2k b PR 834 T SR
7] (Genetics Computer Group,Madison, WI) 7F “BestFit” M AP 44E, Z T ERIERIAS
¥0/F WisconsinSequence Analysis Package Program Manual, 28 8 ik (1995) (W H &k i 5
B N2 s AT EALA R ) iR . AR WA EALE Y o L ALIE T AT
M John F.Collins il Shane S.Sturrok H/& , H% T & KFWAUNA , JFHEMMTEE
YE U Hi A (IntelliGenetics, Inc., Mountain View, CA) 4344 ) MPSRCH F2 /744
XEMFAREH Snith-Waterman HiZ%, K iFoREHBOIASE (Hl, A8 12
VAL REM T 14y, LA — AT 6 43 ) o FEAE SRS E P BE Semk B [E — . T
575 2 18] [R]— P E 2 EE B AL 40 DU L A T R 7 — R AN S 0 1), 461 4 o —
U3 FE 7 A& BLAST, 1 I BRIAS 5. 91201, BLASTN A1 BLASTP A] LA I LR BRIA S50 (38 4%
G =brfE YRS =0 B =5 BRI = 60 s TUH{E = 10 ;55 = BLOSUM62 ;#iiA = 50
MEH] ikbnitE= R s BdE E=4ETU4R, GenBank+EMBL+DDBJ+PDB+GenBank CDS ##1
+Swiss &5 [ +Spupdate+PTR, IXESHE R4 A 78 LT BB M HE E4R 3] chttp ://www.
nchi. nlm. gov/cgi-bin/BLAST. & EA STk ¥ 31, P a5 1 Fe 51 [F] — PEAR R 5 FE 9 2
80% 2| 100 % LA R Hrp AR AT 8 Bl . 18, P AN L TR I [F]— P E 3 be 222 70-75 %, fiidke
Hh80-82% , AL 1 85-90 % , EL & S AL it 92% , TNz th 95 % , LA K A flt iz i 98 %
A A1
[0071] B, 2 A% IR 2 ()% 72 FAHAB IR R B mT DA e Ik 2 42 8 IR £ Ao VI [R1 U X 48] T
e 58 AUEEAR ) 25 A TN 2R 28, SR I FH R e e PR A% I T Y AL O 1 58 YA IS i BT R /N SR A
o % FRITEHERBIPINMZREANN Z R R IES T E K BRI 2D
£)70% ~75% , lLik i 80% —82% , H it 85% ~90 %, B4 WALk 92 % , Wi i% i
95% , LA ettty 98 %6 K17 21 [R]— PRI, P AR I IA) LA (R0 . AR SCHT FH R [R] 5
5755 %5 2 1) DNA B2 JIK 7 91 7R 5e A W R — Pk ZEAC[RIUE Y DNA J7 31 A] /£ Southern
A SEEG IR A, I, DAFERTRR 8 22 G0 BB IR P& SR A T o ARSIUEE A A 57 BB PR 78 & 4 1
FAZ kM. S I, Sambrook 2 A, [A] It sNucleic Acid Hybridization :A Practical
Approach, B. D. Hames #11 S. J. Higgins %, (1985) Oxford ;Washington, DC ;IRL Press) .
[0072] AT DAQI T 82 PIAZ IR BE IR FR R IR AL« TN IR 73+ [RI) e B1) [R]— PR R
S IX PR 73 F 2 B Z A8 AR RCRRBR T o 389 [F]— BUAZ IR 7 54 22 /0 3 4 $0 il 5
eI RS . RIS AR 22 28 E - (45120, Southern (DNA) B[,
Northern (RNA) E1iZF, VAR 2222 25, 2 W Sambrook 25 A ,Molecular Cloning :A Laboratory
Manual, % —fi, (1989)Cold Spring Harbor,N.Y.) ¥P RS 584 FFI 22406 AT
5 FHAS [FIRR R B £, 4540, 450 T AR B 5 P2 PR AS [RS8 20 BEAT ISR E « R B
AR PR SR A, AT L 22 Bk = B 0 A B2 e B TR — PR R AR IR EE (ian, S5EE 5 B A/
T4 30% Fe 3 [ —VERIREL ) PRI AR RS & MBI RIS &
PR SR A S BRI R AL .
[0073] 4 FHE: T RACIIAG I RGN, B H:5 S F %08 7 ) BLAN R R R B, R 5 1 it
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PGS AT RE NS5 7 DA B e P PR IR A BRES & DU BRAUBE 70 o BEAETE 4™ A% IR
AEHAT N TR S 27 P R A IR 1 I H AR e ke IS B 2 /D 4 10-14 R H R I 4L
IR B B SAT D 2828, BUAZ TR 51 5 ik RO IR AR £ 1) P 51 BoAT 22 /2 70 % i 31 [R]—
Pho TR Z AT S AF I H BERG I K BT /04 10-14 AT IR EEZ IR 7)), SEA% TR 7 1) 5 FT ik
IR IR 10 3 BT KT 29 90-95 % (W F [|]— 1o HI THREE / S8 P B 8 S 2R 2L
FAF AT AU AT E E , KPR NS 3 B R E R AL P PR — 1 (2 W)
#l,Nucleic Acid Hybridization :A Practical Approach,B.D. Hames #1S. J. Higgins %,
(1985) Oxford ;Washington, DC ;IRL Press) .

[0074]  ZRAZERAFAREAGUI AN R EFIN o 243824 S 1) RS R AFAT TR HE A%
R () % S AR TR B BORETE 5 [Py 3652 v P M -5 B TG % S8 AR B AR 52 PEAH OG0 B2 M I 58
PR P G DR 3R A AR U AR 2 AN ), AR AN IR TS L pH. & 58 S AT LA 77 4
511 a1 PR W e R — PRSI AR AU JEE o AR TR AR N 8 RN R 58 7™ kg Pk B T v S 10
JEE AT 77 AR 82 AT T 38

[0075]  SCT 2% AC BV P 4% » AR AT SN B 22 SR A 45 At ] DAR Tl e 4ol o R %7
DRI 25 o 8 N T P < B I R R T L A () 2 () Bl 2 2 Rl R AT i A VA 4y
(R JE I S AT AE BAS AR AE B R (90 3, B R A SR M ER & % ) IR A OB FE
I (0] 250 AR B BV A A o MR AU I Fn HE D VR B — AR E RS HKAT (B,
5 1, Sambrook ZF A, Molecular Cloning :A Laboratory Manual, 5 — fix, (1989)Cold
Spring Harbor,N.Y.).

[0076]  “EEZH” EIR D 2L H IR LA Hugt 55 BRI . T AR AITH8) B /Y, “ [FE
HH (HR) 7 S48 KA XA AZ B i) 8 T8 2, ] AN AE 42 52 4 oA OUBE IR RS ) A A o i 7
BRIy B R TE, £ “ B AR R B 2 <807 705 (BN, & XU 1) 7
1) HAZd PR R A “ BRSSO DR B4k B« J T R A 7, DR L R BUstAR 5 BN A
I SEFREE RS o AN B2 IR TARAT R 2 B0, Ih SR AR T DLW S W 288 B BB R 5 A4S [R) T R 1)
SUEBUEE DNA FOESTCARRIE, A1/ BCR FH AR P65 B B9 0 3 B8 1) 38 A% 45 B “ B AR I
BRIR K7, N/ BUH IS AR . RS HR 0 H S EEL 21 1 9 208, A 2 R H R
(IR 7 BT P B NS 2 2 H IR

[0077]  “PIF|” 5245 DNA 73 FHLdr ERERIWI R . UIEIRT LLER 2 B 78 8 3l 05 B A FEE
ANBR T B IR - BEEE B IE B 2K A . SRR DI RIS P 4T, IF HOUEEDI I 7] B2
PRIRAS [F] ) SRR DD AT 45 5L o DNA ) AT 3 3807 A Bl i B A A Ui o AE LU S 7 58
o, A 22 JIR T4 13 U DNA §7%1 .

[0078]  “YIFIIR” EAE S5 2K (P F—EAR ) EHEIE R EATIRNEME (Pl
REIENETE ) WEAGMRZIRFS] . ARG “HE MG ZIHRE“+ R - T1EEE A
CHAEIENAN A P BT H DAHE SR RO T E

[0079] “TREAVIFI LI & a1 MES 51 —I1H1 I (Flan, 55— T4
B T AT PR R R i8S W, LR S 7,888,121 37,914, 796 ;
8, 034, 598 38, 623, 618 F13E FH & F| A FF 5 2011/0201055, iX S+ F 7F b1 1k 51 A % 44 I+
Ao

[0080] AL “Fr A7 S feAEAT K L IR H B 71, B2 H IR 7 F1 ] DNA B3 RNA A Y H
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B, FOIRECGZHEE, DA AT N R B O0URE . AR TE AR T 517 AR AR e NS R P A IR
Tl o AR T A RAR AT B, I R04E 2 F1 10, 000 MEFFRK B 2 7] ( B 1% 36 W) B
0 R AT S B ) , AR IR HBZE 29 100 F1T 1, 000 MZE R 2 18] (BRI R (AT 450 )
WAL HZE 2] 200 FT 500 MR K 2 [7] .

[0081]  “Heth iy ” B AL A R AL . A SR En, 2R+
LR DNA, E B FEHE A MAEH E A A E N . KT EAZ A0 gs 64 5 DU /IMETE X
AE, Horb i/ MARZ OS5 JVRAK SR Z) 150 AL DNA, VR K40 & 41 85 9 H2A .
H2B. H3 FT HA BP0 s DL TEAZ /M AZ O 2 TE)REAH 32 3k DNA (K SERR 4 AE 4k 1T 25 A
M) o HEA HL 8% 533k DNA LBt tHTARAFF NN B K, RiG“Yeta i "B Ak
EATARAMARZED, QR RS BN 40 e 58 HE G 4R B4 () et
J o

[0082]  “Yefr A A S 4N ML ) A R B S R A K e 0 B A o 401 M 1740 326 IR 4L 36 5 DA
HAZRUONFAE, 2 A S B 5 i R R A i A e ik AR A 4IRS R A B 5 —4
EIE 0" SENT

[0083]  “PBfn{k” & E ML % OB S WEIL v 8 & IR e AR B AL o 1%
BRI ZE R o BREIIAZR 1) S48 B0, 55 5 Rar R 4 e i B 2 (R 4

[0084]  “THE N IX ™ A2 A M G €8 57 P AT s, JH H R B HP A7 A ) SIS s m s T A7 e (1)
SRS T4 Ay BT B AR S 0 BR 5], 4545 7T N X R MU AEAZ /MBI T 1Y
X3k AN X PRI AS [R]85 R A3 A ] e ab JH o) A 2 AR PR R A B A R i 1) B P e A )
[0085]  “HEAy i ” BL“EE A7 PR E LS G 0 TR E A IR IR A 2 AR IR 77, Jif S 2 A7 1E
GEOIIFE A EAE . BT, EF 57 —GAATTC-3" J& Eco RI BEHITE N U1K B g () 047 5
[0086] AR IL R BE” SR LD 2 A T8 A MR Z IR AL B . WG SMIRAZ RS N 311X
S 77 e I R B v AN 3l 3k B B AR T DA T 61 =5 200 A 3 AR AT B 2 R . e 4
Vs 35 DA 11 Al PR ) P S2 49 49, K5 491 B CCRS K] CXCR4 FE K] PPPIR12C (W4 K A AAVST) FE
I\ B8R AR B Rosa JE[H . 2 Wi, SE R RS 7, 951, 925 AT 8, 110, 379 3¢ [ AJF
5201000218264 ;20100291048 520120017290 ;20110265198 20130137104 ;20130122591 ;
20130177983 F1 20130177960,

[0087]  “HNIR” 4 A A AFLE T 4L N 1 2, AR A] Jd ik — Pl 22 Fi i 4% L AR AL Bl
EINERAGML . CIEE AT AN 2T MR R AR K B B BOM PR B S T E
P19 4, SNCAE LA VR i A R TR AFAE (340 40— 0 T A UL PR 40 i A0 5o 2R AuL,
IS RS 3 0 0T R IEE B2 AR 93+ AN RIS Bl an D Re A B I 4y
T D RePEIE B 1R DhRe I IR o F I D Be 2 i T X

[o088]  [& T I LASL, SME 1] LU /N3 FEOR 455, /N Tl A G 32 5 i P
P, KOFImE AR R oK ED B R EAVREA. 2 W, LR oFrEf &
BIATAEY), BE R AE A8 LR S FREMEAEY . ZERAH DNA A1 RNA, 7] DL
R BORUEE, 7] DU BLRE SCREBOMIR s T LR B K . I FR 45 L R T R BUBE 44 DA
NI AR IR . S 0B, £EERS 5, 176,996 F1 5, 422, 251, & A AFHEHEHALR
T DNA 454 B B R 7 Gt il s B R 2L DNA S5 5 A SR A R 20 25
FACHG . CBLEAE G I £ L RO T IR Al 2 L TE R 0 Hh e Al AR
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JE BT A eI o
[0089]  AIMJE 4> 7] L& 5 Wi+ A — KA 5+, B ansNRE A BUZ R . B, ZMEAZ
P T A R G P B R 2 T N A 1) SR BB 0 A, BRSNS AE T A A 1
Pettfl . ARAUFEARN R EHCE MRS T S NG 7575, BHEMEA R T8 B S 1 #
¥ CRRJEm A, s R PERIBH S I ) « %7 L B9 AR Rl A R 2l B R4 4t
ULVE  DEAE- I A T I R AR B AR N SIS o
[0090]  AHLLZ T, “ PR 43 A0 o A7 70 T4 8 PR 4 1R T e e K 1 B B 4R e 4 i v
(K153F o B, WIRAZ IR AT A & el , ZRRidA | iS4 ol e 40 B 28 A SE DR 4, BRURSRAFAE
IR IZIR . Hoe YR AT ARG & (15T, B 0 S DR RN«
[0091]  “BlA7HFre e AN EUE 24N 47 o FA T (PRIESNHIE ) 0+ 1%
AL A3 A] U Rl — A () o, BT DR AN FAL 2R 4. S —REA 5110
SEFEFEEATR TR & & (640, ZFP 8L TALE DNA- 45 51 5 $|2 F] ah 544 ) Al
BAZER (10, WAL R AR S E AR ) . 8 K E 0 FIER B EANET SR
ZHRIIZIRS 2 K [ R A A, UL NS & F 518 2 TR B A A
[0092] 2 ifd Py Rt B 1 (1) T8 T B i) 41 M 026 A B 11 B 3o ) 1 Y S g S i 1 B
A2 HERGIE, P iZ 2 B s, D 3Maf it r-f e E0. ARnEN
B AP A sUBT B 2 BRI EIR 2 IRz (4l i ik 2 A% IR 2 K (1 5 1A A
KNHHNEH AR
[0093]  HTARAFFHNAEM B K, “HEFEOFEgmAL R =2 (WLAT3C) 11 DNA X3, DL A1
ISR =0 AE SR BT DNA X35, AN IR IX 2R 35 7 91 2 A ML AR g A A / B 35751 IR,
RS ERLIRT BshF e o, &b+, BIVE VR 35 7 5 A% WA 25 54 5 R0 P S A2 R 44
SN VA L S T N N - SO v B St SN = oW = R 9 i = V= 1B PS8 i
[0094]  “IERFRIE S FREE N AT &5 B REE R P2 o SEDR 7= m] DA I IR 1) B et 5
FEH) (140, mRNAL tRNALPRNAS Sz XU RNAAZ B 45 1) RNA BT H e 2R RNA) B mRNA
BIPEAEME . BRI ERRZ B R RNA FIZ MR & 5, RNA &6 R in
BRI R I B S R g g, 5 (8 AR a0 B LML 2B B RR Tk L 32 F 4k L ADP- 20
Al DU E AL AR AL
[0095]  JE[KFRIAN VA% FRIEDNTE MO AR . R IA I VR 2 m] AL FE(H AN PR T 28 R s A
SEDIHN . YRR AT DA SE AT 1Y, B v IR R TR e A B AL T A B AR A K P B
WK s B T T 2 50 4 14, o o S DR SRt o b o D>, 3 4 43 M i 1) A oY
K — 843
[0096] “EiZ” AR EHANR T EEMM (nEERE) ALY 3P40 i Vi FL a2
M A2 (T ) .
[0097]  “SZICVEXEL” & TR EEE A FMNE A I 40 M G (57 (AT = X3, 4, R A, B3 2
WK RS 731, B 2 R AT (W AR 4R bS5 71 . 454 P DA FH T S8 =) DNA DDA / B
Il S 2 E o BT, 52 90 XS A A7 0 T Yo AR BHIndd gn i gs (i, Zepifd .44k )
S DR 2 B P B SR DR 2 o 8, 52 S X 3R] DAAE L (R R s X, 7RG S HEgmAg X
WIHT S 570 RBBEFE BB AN &I, B gmAS X B R AR R S X N o 52 5%3% X 38 n] BA
Je/NBI AN Z AT BR AT K FEBOR B 2, 000 MZEF BRI S, BUT B B EUE M AZ B K
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[0098]  H“PIAELZ ANy (Bl FeF ot ) I E, HazH o He 5 sl o # Al IR K
AR R dl b 20 —FMge i T 20— R e A 0 R AEE R, RIS “ 8RR PR
(operative linkage) "FI“#Ee/EMEAZE (operatively linked) ” (B “#AEEAHIE (operably
linked) ) FLHAE o B AN, 25 e S 4 Fr 1) 426 G Bt e 51 B 25— it B0 22 b e S R A 1)
FFAE BBk RIS R SR A, I s i e B8 35 b P BB e e e . B iy 1
FIH 5 g e F IR A e e (R TR B S B el A0 . 4, S IR AR, (R 55
AT 5 b e P P 1 e S R T P B

[0099] X TRbE 2 Ik, ARAE“ERAETEAE” I 48 & H o785 Fe A o R b T R 1) D)
e HAEARAHEE RS () DhREAH A o 9201, 6T Horp DNA 25538 (ZFP, TALE) 541808 (4lt,
%R N TR 380 G0 Fok T, KU FAZ BRI SE ) BE & HORLE 2 Ik, & fERLG 2 Ik DNA 25 535
o BELs & HARAr A/ SO ES S A7 a5, I CRZIRIG ) SRe ) B #0472 s B K DNA, T
DNA 45 G385 V1B I R VR4 . X RIS 7] SR I DNA 255 68 77 (911, Rl 3] ZFP B3
TALE I R IEIE P 456 31 DNA) o UG, h-T- Hor DNA 45536 5 305 B0 i HSm & 1
RG22 IR, 25 AE RIS 22 Ik DNA 45 S 80 0 BE 45 5 LR A7 A/ SO 255007 0, TS0 Sk g
b VAL PR RN B I AR T YR L PR R AL, I DNA 455385 O B I g A PR
[0100] & H.ZREUZIRE “DhReME v B R PP 52K EA . 2 IREUZIR A R —H 1% &
ERKEA.ZIREBUZR AR TR B 2 IRBUZ IR . Dhae v BOrT B EUAH R H) R IR 701
B2 DB FRIEE R RS, A/ B S AN BRI E IR E . TIE IR
Be (Hltn, gmhdDhge. 5 51— IR ACIBE ST ) WUV R AR U 2N . ALl 1 2 i
DI RERI T VAR 20 Bl , AT A 5E 22 IR DNA 455 Zhge, Bl e i g 45 5 L i kot
R R R B B UTIE U TE « DNA YIRS VK 22 o 22 Ausubel 5N, [A] Fo AT
EHEAS N —EEMEEAERH RS, G0, il S 3L UTEE  AURAS N SE BB AN B, BERT
DL A% (T LR ARG . 2 W0, Fields 25 N, (1989) Nature, 340 :245-246 ;£ [H*
F'5 5, 585, 245 A1 PCT WO 98/44350,

[0101]  “#fk” Bee B JL R 7 21 B ERA0 M . S8, “ BRI R AR 7, “ RIB AR 7 A LR B
FeBAR TR RE R T 52 O 2R DN AR NI BRI # R D] e 271 B S 4 B ) AR AFT A B A A o DRI, 1%
AREQFE R KIS TH, DL SH .

[0102]  FZIRG

[0103]  ASCHIR ] F T84 TCR JE A RUAZ IR B (451301, ZFN B0 TALE (2128 ) o 2RI ]
NRIRATAE R B A] g DNA 255 SR S i S 44 . 2 25 W2, RIS i b, LA
DNA &5 S M) RIS AT #O RIRAFAERT, PN AR RIRATAE R, B Horh— DAy RIRAFAE
T 55— AR O AR R IRAFAE R 6

[0104]  [RL, £E A SCA FF R Iy b A AT AT AT AZ BRIl o 81 2, RARAFAE I SR N DT
P2 T AR K 98 BB A T Bl LA AR IS B R0 PR B, AE G v R b 3R e TR e B Y — LL T R
FAET N RN FE R A b -8 PR 9 85N )% 1R B A, % 1-Scel. I-Ceul. PI-Pspl,
PI-Sce. I-ScelV. I-Csml. I-PanI. I-Scell. I-Ppol. I-Scelll. I-Crel. I-TevI. I-TevIIl
M T-TevIIT. EATHIR A FF & DA, &2 W3 E LR 5 5,420,032 ;% H LR 5
6, 833, 252 ;Belfort Z¢ A (1997)Nucleic Acids Res.,25 :3379 - 3388 ;Dujon % A (1989)
Gene,82 :115 - 118 ;PerlerZE A (1994)Nucleic Acids Res. ,22 :1125-1127 ;Jasin (1996)
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Trends Genet. , 12 :224 - 228 ;Gimble ZE A (1996) J. Mol. Biol. ,263 :163 - 180 ;Argast Z¢
A (1998) J. Mol. Biol. , 280 :345 - 353, DL J oAk 22 A M) s i6 = H % .

[0105] & CLRHRIE T I 5L A DA% IR B AN KV [ AZ 2 I 1) 4 e 1k T 4 R DA 5 6 31
FARWIELALT 2. S I, B Chevalier 28 A (2002)Molec. Cell, 10 :895-905 ;Epinat Z& A
(2003)NucleicAcids Res.,31 :2952-2962 ;Ashworth Z& A (2006) Nature, 441 :656-659 ;
Paques Z£ A\ (2007) Current Gene Therapy,7 :49-66. AJLEAE AHEAR 1A% B8 i 24 B v g A
VA 5 A DA B il R RS R AZ BRI 1Y) DNA &5 A3 (I, DTS R BR B A0 S5 AH G T3k ) , B
DNA 254738 AT Filf 21 75 DNA 2550380 (0, 8948 BRI B TALE) B3 il #i8. kIs T
KGR AZ BRI 1K) DNA 255 08 Pl R ILHE DNA 454 Pk

[0106]  7ER-SLsZif S rh, AZ IR AL S EE FE DNA &5 5 el R FR il 14 P DA% IR B, 4% TR T
WP N EEFR LIRS (ZFN) o

[0107]  FEH- B STy &, ZIREFEORE TFEAL TALE DNA- 25 5 58 FZ IR B, (91 1, P 1T
TZBR AN / BV A% BRI ) » 7% BR B AR FR A TALEN., D A T F T LAEALIX 8 TALEN
B AT LS AE A e B S B B AT AR AR A A AR R A AR R O A (S0
EHLF) S 8, 586,526) . £F—EsLii 22 rh, TALEN A8 WL BE | (5150, Fok 1) i,
BCE IR . A E ST 29, TALE #Z IR 2 JK TAL. IXLEJK TAL %R 210 7 TALE
DNA- &5 & 38R0 K3 B A% BR B ) B sk M Bk & B 1 o K VS RAZ BRI U0 B 480 ek A v 1k
), I EA T E B kA IE M. (Z W Boissel ZEA, (2013)Nucl Acid Res :1-13, doi :
10. 1093/nar/gkt1224) o AL, #ZBREGIHIE PR ILH DNA 254 ThRe.

[0108]  7F Hi B S Jy b, A% R A0 4% 25 (1) TALEN (cTALEN) o X 2% TALEN J& 4 TALE
DNA- Z5 A 330 FE R Tev ] RZBREFIRN B EERL G2 A o A 8 AT FHAERE TALE X385 FR 1]
S|, B AT I AUEE T2, B T TALE DNA- 45 538 % T Tev] BRI E (S0
Beurdeley & A (2013)Nat Comm :1-8DOI :10. 1038/ncomms2782) » T4 TALEN 7] 5 55 4 )
TALEN (filt01, BA —ELZANJE TAL —NBELZ A TALEN (cTALEN B3 FokI-TALEN)) 454
.

[0109] PR, ATAT B A Al — BEA 55 B R IRAFAEBGE TARAL F A% BRI T T AR SCHEIR 1 7
%o

[0110] A DNA Z5&4

[0111]  ARSCHEIA BRI 5 2 DNA £5 A IR B4 . A% B sz e m] AT AT DNA 454
B, A FEAHASIR T-4545 DNA 45458, TALE DNA- 45518, B3 ok 3 K Y0 B AL BRI 1) DNA 45 &
o

[o112]  FEREECSTE Ty Rrp, R TR DL T4 & 2 Pk B0 7 7 e 45 5 8. 2,
B, Beerli 2 A (2002)Nature Biotechnol. ,20 :135-141 ;Pabo Z& A (2001) Ann. Rev.
Biochem. , 70 :313-340 ;Isalan Z A (2001)Nature Biotechnol. , 19 :656-660 ;Segal Z& A
(2001) Curr. Opin. Biotechnol. , 12 :632-637 ;Choo Z£ A (2000) Curr. Opin. Struct. Biol.,
10 :411-416. Z{elHh, TALE DNA- 455380 TR TE S BIFTEBERN 7. I, #lin
8, 586, 526, 5 RIRAFAE FIEEFREE TALE EAM LL, TREALIMEFREE TALE DNA- £5 415
AT HAHNG G R, TRAOTEAFEEAR T AE RIS S MIEREA., 4ERIH A
FEEI Al A& =4k (BUAR ) #Z RPN BB R 2 AL IR 7 51 0 e, Horp 2% =4k
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S VAR IZH IR 7 51 5 — Fh a2 P 45 B 1% 0 8 AR B VUK 7 51 R R 2 L TR 7 A KBk . 5
W, A6tk R R A 0 25 1) 8, 586, 526 36, 453, 242 Fl1 6, 534, 261, £E IIE I 5| A # 4k 5t
Ao

[0113] A1) 1 30 93 77 V5 A 435 Wk B A4 R MU XUZR 58 R 4, T 3R B & A 5, 789, 538
5,925, 523 36, 007, 988 36, 013, 453 16, 410, 248 :6, 140, 466 36, 200, 759 F1 6, 242, 568 ; L )%
WO 98/37186 ;WO 98/53057 ;WO 00/27878 ;WO 01,/88197 I GB 2, 338, 237, F¢fR4s A4,
A R R 3 O DL AR AL [RIHA I WO 02/077227 WA BT iA

[0114] 7 H B SEjifify &, DNA 45 &80 45 TALE DNA- 45418 (S0, SLRA I E &
F'5 8, 586, 526, £ MiHiL 5] AR IF N ) o TALE DNA- 55488 & — M EiE A TALE“HE
Bon”, B—CEE R (WP ER ) 2 33-35 MR, K454 2 DNA #%
HERW e~ EE T 7 I 12 78/ B 13 4 (BERR AR AE X B E “RVD”) » “HE
RI7RVD J2AE H AR T T WAFAE B MAAELER RVD 531 (12 A2 A0 13 47 ) , Bl I 4E RIRAFAE
(1) TALE & (/T 5%, fRIEHBIE RARAFAENY TALE 2 AP /NT 2%, DL B AR HhAE
RIRAFAEN) TALE A H/NT 1% FESLAYEY RVD Al R RIRAEAENT . TALE DNA- 45548
A C- MR PP AR N=- T %1 7 P o Pide i 7R A TALE SRR 2
IR B (BT ), B0 RARAFAE R TALE 2 (A WP 42 TALE B 523811 C iy X I80F0 / BN v
DXk AT AT AT o C— MR m] R Al B T 9 A2 Y C i TALE 22 (BFAE7 C i TALE B2 A% 5
N C-20) FIEET, ZE W AR EAIR T, C-19, C-18. C-17. C-16. C-15, C-14, C-13,
C-12, C-11, C-10. C-9. C-8. C-7. C—6. C-5. C—4. C-3. C-2, C-1, B C+1, LA SR 5 38
B C+2, C+3 55, FH Z IR (BT, C+63, Z kM C-20 IEAI R C+63, 2 83 N AR KT ) 1)
C ¥

[0115]  Bh Ak, QAR IX L8R B 2 2% SOk b T A 1 1, SRR ST / BRZ R SR 45 B A B
TALE A] A FAE AR G 1422 3Kk 7 B 4 40—, B HE 1 K B o 5 N BT 2 A2 PR 1 422
ko BZWEEL RS 6,479,626 :6,903, 185 ;LA K 7, 153, 949 3k T iR K H 6 AN EiHE %
MR R SR T o AR SCHTR 1) & A AT AEEZ S B I SRR 2 M A dE =k 1)
ERHA . WAh, BEIR LS5 A G5 7 R 0 O /a0 W13k [ &R 5 6, 794, 136 H A B
[o116]  EEA7 5 sZFP B TALE, LB A E A (g4 E AN 2 ZHR) 11
BT 5 R T Vo ARSI RN S E R O HLAE SE E & RS 6, 140, 081 55, 789, 538 ;
6,453, 242 16, 534, 261 35, 925, 523 36, 007, 988 ;6, 013, 453 36, 200, 759 ;WO 95/19431 ;
WO 96/06166 ;WO 98/53057 ;WO 98/54311 ;W0 00/27878 ;WO 01/60970 ;W0 01/88197 ;W0
02/099084 ;WO 98/53058 ;WO 98/53059 ;WO 98/53060 ;WO 02/016536 F1 WO 03/016496
FEANFIA, X BRI AN AR 5 BRI TArg B,

[0117]  phAbh, WAEIX SR 8 25 TR TR I A I, SRR I8N / SR R iR Al T
AT A 18 ISR 7 A — i, BREW WK E R 5 MBE 2N EE RSk . &L 3E
[ &F15 6,479, 626 36,903, 185 ;LA K 7,153, 949 >k T fEKE N 6 ANECHE Z MNE LRI
BTk P 7 o A SCHAR I B A A AR I B A AN R 2 TR I A @ Bk AT Ao
[o118]  BX &, DNA 45 A4 ml 7 A T AL R B . ) 201, C%n 03 85 N B0 k% 188 16 R0 K 3 18] 4% R
Al (IR S 51 30 1-Scel I-Ceul. PI-Pspl. PI-Sce. I-ScelV. I-Csml. I-Panl. I-Scell.
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I-Ppol. I-Scelll, I-Crel. I-Tevl. I-TevlIl Il I-Tevlll, & WEELF|S 5,420,032 ;
ZE L H S 6,833,252 ;Belfort 2 A (1997)Nucleic Acids Res. ,25 :3379-3388 ;Dujon
e N (1989) Gene, 82 :115-118 ;Perler % A (1994)Nucleic Acids Res.,22:1125-1127 ;
Jasin (1996) Trends Genet. , 12 :224-228 ;Gimble Z¢ A (1996) J. Mol. Biol. , 263 :163-180 ;
Argastet ZE A (1998) J. Mol. Biol. , 280 :345-353, LA S B oikk 22 AWt =5 B 5% . thah, 7J
WV S A DA B Il RT K S FR AZ R B ) DNA 2855 e PR 48 TR AL A5 5 BIHE R AR B EE AT 53
Z L, ) 4 Chevalier 2 A (2002)Molec. Cell, 10 :895-905 ;Epinat % A (2003)Nucleic
Acids Res.,31 :2952-2962 ;Ashworth 2 A (2006) Nature, 441 :656-659 ; Paques 2 A

(2007) Current Gene Therapy,7 :49-66 ;3£ [E L F| AT 20070117128,
[o119]  7EFEEESLE Ty S+, DNA 45 Al TR E D, SiEEnE TG 20— 1M
fa AR WA Z AR (BIT1,2.3.4.5.6 DEEZAER)  ZFP @H A5 £ /0 =4
fao FUE 7FP AT AN B E AR, S =AD4EHEBIN ZFP Il IRAA S 9 DNk
10 MZE R AR & S VYA SR 1Y ZFP B IR A S 12 N8 14 MZF IR SR 4T A&
A SANER I ZFP Bef IR & 18 N3 21 M FRIVELAL s o ZFP i n] A —A4
B2 N TR B A R 1, R Ik 1 b T A SRS I e S
[0120]  7EH- B SEHf 7 224, DNA G I RN BE & TRLE) (JERRFER)
TAL %% 5. DNA £5&k. 2 W, B E L H 5 8, 586, 526, £ il 5| 484 3F N . E4ns
B & (genus Xanthomonas) WIFEAYNA J5 T 7F HERAEY) H REUR 250K . SR EE
(78 S PE B TR S I 11T B 3ib (T3S) R4, % R4 WA AN B Wy E GBI 25 FhASH
RN . XEE AR & A, A B e S BOE Y R P 5 1 ) e SRS R AR
N (TALE) ( 30 Kay %5 A (2007) Science, 318 :648-651 135 [ L F| A H 5 20110239315) .
XL 5T DNA 45 5 ORI G SR80 48 o B N 78 73 R AE ) TALE 2 — x>k [ Bl S 5 5 JHa 1
BT SR BUR AP (Xanthomonas campestgris pv. Vesicatoria) [ AvrBs3 (2 Il Bonas
ZEN (1989)Mol Gen Genet, 218 :127-136 A1 W02010079430) . TALE &4 s BEE & 1E 1L
1, M—EE HH L) A ANERER, TS E A1 DNA & 54 o8, thah, e
% EANLT FNFI R T 5 3805 (48185 WL Schornack S %8 A (2006) ] Plant Physiol,
163 (3) :256-272) » WAL, ZEBUEYR A E MHEHFFiE (Ralstonia solanacearum) H, BL&
MMM EF R AW Z R (biovar) I B GMI1000 F1AEY)AZ AL 4 TH & RS1000 HFRA brgll
A hpx17 B R 5 3 5 U 1 J& (Xanthomonas) ) AvrBs3 Z & Al ( 2 UL Heuer 5
A (2007)Appl and Envir Micro,73(13) :4379-4384) . X8I KI7EZAF IR 751 77 1% 1
98. 9% [A]—, {HX %A hpx17 TEI ) 1, 576bp Bk (HI2, IR 15 i i R e
%) AvrBs3 FRE I 5 [Fl— MK T 40 % o A CHEA ISR IZ IR 45 B 76 TCR ZE K
K5 MK 6 (S WLl 4) ¥k T O TR & A RIS TCR 2 R IR 3 Z1 K
BRSO B TR 7 SIS DNA 4550, 7255 —FrhoR 7 I DNA &1
J731 (DNA EE47 55 LUK S FRHE/R s RAZMZ IR LN S FRHE R ), DU 215 13
NHIZEAR R (F1 2 F4 80E F5 B F6) 1R X &SR8 7 1 (HE 4 W25 (1)
A, W R -1 Bl +6) o A st T RE—EAKRIR .
[0121]  JEHEIR LS5 3 TCR ZE[A i) TALEN. % 14 (Z WELHah 10) faik | C4 TR
HEA BN TCR K (% H B FE B (1) TALEN, B —4THiR A A8 RVD KR IFR RS 1
24
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B TALE DNA- 255 8 H . 7E55— 3o thde—I8i DNA 5751 (DNA $E47 5 BLKE 7
BEER s R B IR UA/NS FERHER ) o AP hitif it —E ARl g .

[0122]  GWITRRTIA, 78 LSy R h, W3R 5 FIER 6 o o i VU 4R Bk T da 45 A 48, B
K 14 W i) TALE DNA- 255 S804 Rl & B0 ) 30380, 15 g o TTs B PR P8 A D1 e s
(V&40 Fok 1) HITIENE . — X HbREE R a3 TALE/ A% BRI - Al & 4 H T 28 =g P81, o sl
fEEE L FIS 8, 586, 526 FISEEAF S 20050064474 1 FT AFFHI

[0123]  XF-T#EEI)E], 45607 i B m] LU IS 5 N8O 2 B k4, 7F HAg—
Rl 8 1 7] 45 4 32 DNA SBR[ FH S 8%

[0124] B4R, SR B IX B8R IRAFAE I B TR0 A% BR I8 1) 3808 7T 48 43 B9 JF H AN R A&
. i, ok B RSRAFAE BB TR A A 2 N V0% B2 g B KV A% IR I 1) DNA 455
S AT R B YR BB I (1, ok [ 5 — R SR N TR R R YE FE  l EE
TypellS WYIZIREE ) . KRG HEAIER] 5 EPrid KEHE iz REE LS G H .

[0125] A SCHE IR A RZ BRIk W] B 5] BITAR] TCR & PRI e 37 ROATART PP 31

[0126]  B. PJ&ik

[0127]  RZPRMEE P40 2 U5 DNA 255 MIIHI4E (B 40, #7565 2 BRIl s TALEN. K3E FH % IR
DNA &5 SR S DT RIIE) , B AT I 1 R SR A7 £ HOAZ TR T 1) DNA &5 G 3R] 4 238 T 4655 5
iz g REEA7 £0 CHan, SRVE AL IR L2t AR AT 45 & B 5 RIS &5 & 7 AN A R A7 A
(1) o AERLLESEHE )y S, IR & KU B iRy (VBN VIZIREE ) o RIRATAERIRIE
LR BGRA 15-40 B I FIAL s 3 Hal 5 2 9 PY A Z8% (LAGLIDADG KR GIY-YIG 5
J& His=Cyst RS INH 5. anBIPEI SN DI IR EF 45 1-Scel. I-Ceul. PI-Pspl,
PI-Sce. I-ScelV. I-Csml. I-Panl. I-Scell. I-Ppol. I-Scelll. I-Crel. I-TevI. I-TevIl
A I-TevIIl. EATRIIR A A2 Cam. &3 WEE LR T 5,420,032 ;K EH L H 5
6, 833, 252 ;Belfort Z& A (1997)Nucleic Acids Res.,25 :3379-3388 ;Dujon Z& A (1989)
Gene,82 :115-118 ;Perler ZF A (1994)Nucleic Acids Res.,22 :1125-1127 ;Jasin (1996)
Trends Genet. , 12 :224-228 ;Gimble Z¢ A (1996) J. Mol. Biol. , 263 :163-180 ;Argastet 2§
A (1998) J. Mol. Biol. , 280 :345-353, DA KB 9k 24 A M s ity == [ 5 .

[0128] K RARFFEAE 1K TE BIAZ RS (1) DNA 45 44, 5% 25k 9 LAGLIDADG X% [ DNA
Sha i, CAERY) B R S0l FLEh W an A B b B TR R AL R S R R A2 A, (H
ZITE R IR TSR B R E B AZ FR B AR 0 27 1 R UL D) (Monet 28N (1999) , Biochem,
Biophysics. Res. Common. , 255 :88-93) Bk £.4 5 N AP 5 Filse TREALIIE N4 (Route
ZE N (1994) , Mol. Cell.Biol. , 14 :8096-106 ;Chilton Z£ A (2003), Plant Physiology. ,
133 :956-65 ;Puchta 2% A (1996), Proc. Natl. Acad. Sci. USA, 93 :5055-60 ;Rong 2% A
(2002) , Genes Dev. , 16 :1568-81 ;Gouble Z& A (2006), J.Gene Med.,8(5) :616-622) .
DR, 2 i TR AN KV A% TR g A0 HL A = 2 B W) B A S sl B IR B 45 5 5 e 1k
(Porteus Z£ A (2005) ,Nat. Biotechnol. ,23 :967-73 ;Sussman Z£ A (2004) , J. Mo1. Biol. ,
342 :31-41 ;Epinat & A (2003), Nucleic Acids Res.,31:2952-62 ;Chevalier Z& A

(2002)Molec. Cell, 10 :895-905 ;Ashworth 25 A (2006) Nature,441 :656-659 ; PAques &

A (2007) Current Gene Therapy,7 :49-66 ;25 [H & F|AFE 20070117128 ;20060206949 ;
20060153826 ;20060078552 ; F11 20040002092) , 4k, KAIRAFAE B TR Sl B K0 H % TR
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[¥) DNA 45 & 38t R B YRR RG (4140, FokD) MU fE .

[0120]  FEH ESEHt T B, IR L Fr R 2 IREE (ZFN) » ZFN 8 CAa% T4 & 2
v e 2 (R v B B4 5 BT B2 1, DA RIS I E TR e

[0130] 4 b Pk, BrfR 45 B3I & TR 4 & B Frig #1077, 2 W6, Beerli
2 N (2002)Nature Biotechnol. ,20 :135-141 ;Pabo Z& A (2001) Ann. Rev. Biochem. , 70 :
313-340 ;Isalan Z£ A (2001)Nature Biotechnol., 19 :656-660 ;Segal Z& A (2001) Curr.
Opin. Biotechnol. , 12 :632-637 ;Choo Z& A (2000) Curr. Opin. Struct. Biol. , 10 :411-416.,
MR T RIMFAERE IR ED, TIRERES ST BEAMANS SRR, TRTEE
FEEAR TSR 5S8RSR, AEETHEREM WA EE =4 (SUE) =i
& 7 B A BB R S R R 7 9 O B 12, o & = AR B Z B IR T 9 5 — PP e 2 Fh 5
HZHE 8 S ARBUY AR A B fR A R IR T A A R IG . 2 0L, Bt 35 [ &R 6, 453, 242 il
6,534, 261, 7E HELL 5| AT

[0131] 7 A6 1 30k 5% 77 V5 AL 4 Wk B AR JR /R AU XU 2R AZ R 4, A T 3R B £ A 5, 789, 538
5,925, 523 6, 007, 988 ;6, 013, 453 36, 410, 248 ;6, 140, 466 ;6, 200, 759 F1 6, 242, 568 ; LA
WO 98/37186 ;WO 98/53057 ;WO 00/27878 ;WO 01/88197 1 GB 2, 338, 237, IHAb, Eefa4s 4
WA R R OB sk E LR 5 6, 794, 136 A BTk

[0132]  Bf7 m (UIEFE ZFN, LA EE (MgREMAEANZZ TR ) Mt S5HeE
J7 1A ARGUE A FEARN R ORI HAERE LR 'S5 7,888, 121 18,409, 861 H1 {41 H#4
A, R IE 5] B A

[0133]  BhAb, WIAEIX SR HL 8 S 25 TR T I A T I, SRR AT/ sk AR SR Al T
FEART i ()42 Sk P N T AR — S, B FE O S o b DN ECE 2 R I Hek . Bl
FHELRHS 6,479, 626 36,903, 185 s LA 7, 153,949 3k T KN 6 NEUE 242 R 1K
NI SL T B o AR SCHTR & A TR 1 & A AN SRR 2 A B A E B Sk AT T 4 Ao
[0134]  7E—Ubsjifi )y b, A2 IR IS LREAL TALEN, B2 A HH T TR EEARMYS
i B I PR B0 B BEAT R 0 A7 s R A EAE I IR A (S WEE L RS
8, 586, 526) »

[0135]  AZMQME &1 ZFN, TALEN H1 / BOKYE [ A% IR A B, 5 % IR (170381138, YD) »
W1 b Frad, U1E38R] LS DNA 4553802 SR i, 9 tnEE e B0 TALE DNA- 45 & 38Rk B #%
PR I 1 U SR S BOK Y I AZ BRI DNA 255738, LR B 5 — AR FIZ BRI I U188 . =]
E35n] 3R EATATT N VT IR B B/ MTIAZ R I . P A7 AR O B35 s 8 4 9 VA% BRI, A 6 (H
ANPR T PR il P2 P DT AZ BR AT VA S5 N DIAZ BRI - 23 WL 0, 510 ZE N DL R (Beverly, MA)
[ NEB 2 7] [ 2002-2003 7= & B 3% 5 Al Belfort 25 A (1997)Nucleic Acids Res.,25:
3379-3388. CLANYIE DNA (L B/ (40, SRR ;4% F A% BRI FE DNA B T R I % R
Bt s FEREHO WAL FRREE ;3182 I Linn 28 A%, Nucleases, Cold Spring Harbor Laboratory
Press, 1993) . AlIGIXECEGR—PhEL 2 P (BCHDhEEME v B ) FIAE DI SISAT) S~ 480 1 ok
[0136] ALl 75 2 = B A BAA V1RSI I n] AT 42 B AR A A% IR B B H 38 4
bR . — Uik, TR RS A S TR, WYIEIRER RS EE . B0, AI{E
HAEPRANTIEEER B . XA TIRIEERTATAE T E ATz RE (B0LDhRe it
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FrB) , BRI EE BT AT A B A FER Nz IRES (B DIRR I B ) o Ak, PRIE IR R
PhihE R AT SR GRS, ATX PR RP Rl & 8 5 25 3 A R SR A7 4 B
P11 308CE R B AT ) #3808 s Sh ge T B3 (o, ddad 3R Ak ) RO stk 1) i 7 .
DRI, A5 SR Le S 7 S v, IR BL AR A7 s R 2 H 6-8 MZ IR B H 15-18 NMEH IR 75
(1) o SR, PN EE AT 5 18] P [A) 46 A AT B B 2 A% R BUZ B o (4, 2 %2 50 MZ
FEXTEE 2 ) o — M iR, MIBIAL s Ar T 8847 2 (7]

[0137]  FlR—AhE 2 Pux Lol (B ThRRPE A B ) FIAE DI B S 0 ok 5 . 2540
M, 752 R B UIEE PR R E T AT AR AT R BR B B L5 4, i BT A . —
Uik, WER RS B A S IR, WS FHEM ARG E A . B, aliHE S A TIE
P EEAE A XN IRE T AT A A R N AZ R ES (B DRt i B ) , B DI
IR ATATAE B ASFE N DIZEREY (B DhRETE A BY) o Db, AR HE P A b & 2 A O SR
SRR IEHE S, AT X PR A A 87 1 5 H0 8% A A R R A7 f (45 B8 U111 808 8 N B8
fEN B T ge PR EIER (B, it =Bk ) B AR A s A, DRI, £F SR e S e
ZEHR, X LR AT S I 2 5-8 MEEFEREE ] 15-18 MR IR 43 B - SR, PR EEL7
s () A ()4 A AT B R A B IR BUAZ T RN (B3, 2 22 50 MEH RN EL ) . —
iR, DB s for T 2847 s 2 [/

[o138] PRGN VT ZBREE (FREIMERS ) AT IR 2P, JF HE® R td 4
DNA (AE IR FAL s Ak ) 5 FEAELE A A7 s AL BIL BT 1% DNA . e Bl PRl (f4n, T1S 2Y) 7
MIZEBS R s AL s AR DT DNA JF H B R 2 B 455 50E1E. #ltn, T1S B FokI
AL DNA [ XURE DI, 75— 2848 B FLUROR AL 55 9 AMZ IR AL &Y, M fE 5 — 408 BRI R
AL 13 R AT B . 2 WA, SR B R 5, 356, 802 35, 436, 150 15, 487, 994 ;LA K
Li ZE A (1992)Proc. Natl. Acad. Sci. USA, 89 :4275-4279 ;Li Z£ A (1993) Proc. Natl. Acad.
Sci. USA, 90 :2764-2768 ;Kim Z5 A (1994a)Proc. Natl. Acad. Sci. USA, 91 :883-887 ;Kim %5
A (1994b) J. Biol. Chem. , 269 :31, 978-31, 982, I, 7 — MLy & rh, Bh & & A A 5k
H 2 /Db—Fh TTS B PRGI BRI (B M— AN AN S8R E TRAL IS
“E.

[0139]  FokI @7tk 11S B PR VERG, HATEIR T 545638005 . 25 e Wi A Rk
A VE . Bitinaite 25 A (1998) Proc. Natl. Acad. Sci. USA, 95 :10, 570-10, 575. [Alit, H
TARKHAWERE R, FrAF G & A T FokT By fH o A8 . HIt,
T &R —Fok T BlA- 1A S8 ) OURE DRI AT/ Sl () 0 i e 2 | 46, ml A 2% BB B
FokT UIH| I A & 88 R @2 TR T ISk . B0, AT & A BHfa 45 A 3k
MIPIAS Fok I Y1 IK B— 2 B o T FHEER —Fok RltG R HEATEE [m] U1 FI AL (5] /7 71
MR IS EAEAR KNS 54T he it

[0140]  )EIE BRI 4800] LR (R B DI RIGE PR B AR BE 2 Ak (il — 51k ) Be I
F D Be T EI98 1) £ 1 AR ART 49

[0141] 7RI TTS 2R PRI 14 B £E 38 [ & A FF5 20070134796 A Fr ik , 781t i 51
AR IR . e R PBR SRR IE & A 7] 93 B4 A S V1R, I BOX S EEAE AR A F N 25
WA P AE . Z WA, Roberts 28 A (2003)Nucleic Acids Res. ,31 :418-420.

[o142]  FEREECSC 7 Srh, IHIRE S — D E A TREATIFI I (PR E = R AR
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AR ), FOKg [RIYR — SRAE P B 22 e/ N BBE LB RV — SR AR A, 9, an S B & 015 7, 888, 121 5
8,409, 861 ; LA S LR AFF5 20080131962 HFTHEA , B 1% L HI I A FF A 285 Md it
5| 84K 31 N . 7E FokI R 446.447.479.483.484.486.487.490.491.496.498.499.500.
531,534,537 1 538 7 [ 2 H: PR VR AL 2 520 Fok T Y1~ 5 — JRAL [ EEFR

[0143]  JERREPEZ RARKI NG TFEAL PokT P13 AHE DLR —XF 55— U0 15
£04E Fok T [ 490 1 538 7 S JE TR Ak IL Ak () 54 , Rl K )% I 45 486 Fi1 499 Z L IRYR
TR RAZ

[0144]  [KIh, 7E FE 2L 52 7 22, 490 £ FI 9484 Glu (B) B4 Lys (K) 5538 AR
Iso(I) & ¥l Lys (K) 5486 £ (548 Gln (Q) B 4h Glu (B) sifi 499 7 R A2 Tso (1)
Bl Lys (K)o HAdh, il 2 A SCHrd TR DTS 80 i 78— AN T 2501 490 £7 58
(B —K) 1538 7 RAF (I — K) Ry=A4E 448 “B490K : 1538K” [ TREAL T3, JFm i
5 —UIEIEIE G 486 A58 (Q — E) M1 499 75848 (1 — L) Ky=H 4 R“Q486E 14991 71K
TREATIEINE I ARSCHTA I TR 802 £ g SRR R K, H R U155 52 8
BRI . 5 W28 RS 7, 888, 121, A FF I A8t 5| 8k - AN T Fr e B
%

[0145]  ARSCATIA I T AR A U1 2 3802 AT AT AR 508 19 77 725 il 4% 14, 48 o 35 [ 5 1
7,888, 121 BT IA B B AR BT R 48 (Fok 1) fE msRAR .

[0146] A SCHTIR K TAREATIEI 480 0] 9 H P g — BAR R4, H 7 1 11 B 22 A I B
Wi BR. Z0LElt, WO 07/139898 RISLiEH] 1. 78F-Leseifiy &, TREMTIEE A
£ 486,499 M1 496 £ (ARFEEF M FokI 9’5 ) HIZRAR, LD N RAL S B4 Y 486 7 [
Gln (Q) FRIEE N Glu (B) FRAL, AT 499 £ 1) Tso (1) FRAEE oA Leu (L) FRIE, DA HF A
A1 496 £7 1 Asn (N) A # M Asp (D) B Glu (B) #kE: (ibdp ml#kfE “ELD” A1 “ELE” 45 ) o
EH B S R, TR L8 AFELE 490,538 F1 537 fir ( HI4EEF A FokI 45 ) (K
A, LW LN 9848 A B4 490 71K Glu (B) BRIEE o Lys (K) B, BFAE Y 538 £ (1)
Iso (1) B&IEE A Lys (K) BRIk, DR B A7 537 A7 1K) His (H) 5RIEE A Lys (K) B Arg (R)
WAL (I8 BIFRVE “KKK” FI“KKR ™k ) o« 7EH 2520 )7 &b, TR DIE - EHEAE 490 A
537 7 (MRHEEF A2 Fokl g5 ) HIRAS, LbanbL R o848 K HF A A 490 711 Glu (B) BRIt &%
R Lys (K) 5%, BA A 537 714 His (H) #R2EE#8 Lys (K) B Arg (R) 5RFEE (85 HIFK
PE“KTIK” FI“KIR”48 ) o ASCHTIR 0 TREA T 380 7] FATART A 38 1 77 251 4%, 49 e k4
ZEELFS 7,888, 121 sHZEEH LR AFS 20080131962 3 LAK 20110201055 Frik ()5 &
V5 AR A BT R (Fok D) Rl % .

[0147] B, ZIREG (A BT IE I “ 33488 (split-enzyme) ” BIEIAR (S W1, £HE %
FIAFF5 20090068164) A% BRELAT ALK P 2H2E . 3X 284 B I 2H 43 ] 75 B i SR 1)
AR B RIA, B A DOEEE TN 3 4 5 A T4 B 5 — e vp, 46l , 2043 B 3 1)
2A BKBRX IRES J7 55 . 20455 ] DB 87 4 45 B 3B E B PRI AZ IR 45 A 33 1 4
[o148] B F, A A 4 #% A “ Sharkey” [ Fokl #% R B I8Z & (2 I Guo A, (2010)
J.Mol.Biol. doi:10. 1016/j. jmb. 2010. 04. 060)

[0140]  AAH F AU ORI 7 V5% B i T X IR SRl i i Ak . 2 Wil an, SR LR 5
7,888, 121 F1 8, 409, 861, LA % 2 [H & F A FF 5 20030232410 ;20050208489 ;20050026157 ;
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20060063231 ;F1 20070134796, 7EHLCSLE Ty 58, IR () RIS 7] AME R[5 S 10 JE 3+
(Rl 5 0, - FUH SIS S 3 FAEAR TR/ B AU IO AZ A0 N HE A (RERRS] ) M
FEA B REAFAE ARG o e 1, FLREE 5 ) 7 7R DRI £ OBy (40, A 2 4 2
MR ) 05 S 0F LRIEZIRET . 75 S8 30110 e AR RR i M Se 4 45 CUPT,
MET15. PHO5, BA K tet A Bl

[0150]  CRISPR ( B AR (7 B 45 [l SC #5277 31 /Cas (CRISPR REKK ) IZBRIEE R G ik
ST TR R TR AT R G0 TR IR R 5. IR R G0 5E TV 2 40 A
A (archea) T4 IE N PE Gl SN o 290 85 B0 FURAZ NI I, 12 N0 DNA F Bt
I e OB T #5 A A CRISPR RNA (crRNA) o Ik crRNA 4R J5 48 BB 4 FL MK X I8 5 3
— AU [ RNA (PR A tracrRNA) JRHK, MIMTHE Cas9 1% B2 5 (A1 4 DNA (CBEFR A “ Hi W) X 5 571
(protospacer) ”) H15 crRNA [EJE K X 3k, Cas9 %] DNA LAE B crRNA H s A b &5 1 20
ANZAEF BRI T ) 3 BRI (A7 s AR AUREWT 2L (DSB) 7 A i o Cas9 75 22 crRNA I tracrRNA
Wi DA A s B 5 PR DNA IR AITEI . S RABBLEE TR, M43 crRNA Fil tracrRNA
AIEAB— N F (“HRF M RNAY) , DLA B 5 [A] RNA [ crRNA 253050 4 il & TR0 LA 3
7] Cas9 %R BE K EL MR R T (2L Jinek & A (2012) Science, 337 : 55 816-821
T ;Jinek ZF A (2013), eLife, 2 :e00471 ;LA David Segal (2013) eLife, 2 :€00563) ,
Ilt,, CRISPR/Cas F 4t ] £ T4k LAAE B DRI 24 v Pir 75 (R BB AR AL 51 168 DSB, LA K¢ DSB [RiE E 7] 52
BB HI 5505 A A S2 e i T BRI A B R 5

[0151]  A. #047 A

[0152] 1 b SCPRSRHEIAR Y, ZFN AT TALEN HF(¥) DNA 38 m] 28 TR A 1M &5 A 1) 58 [R] g AT AT
BT i3 o FHAR T R ARAFAE [ DNA 45 44, TREAK DNA 45 &4 n] B Hi AL 45 A5 e Pk
TRENTIEAFEAR T AR S5 S PR PR AR R A =1k (B¢
VA ) K2R FUAIAN I (i, 8648 ) Z IR 7 71 (B e, o & = AR BRI 1 IR 7
P 5 256205 w8 = AREUAE T 31 1K) DNA 45 53800 — Ph B2 PR L IR P P AH GG . 2 I, 1
W13 [ 4 8, 586, 526 16, 453, 242 16, 534, 261, 7E Ml it 5| FH B4R IE N o B AT HE4T TAL 2
RIF A E . S0, 6l sE E & F] 5 8, 586, 526,

[0153]  3& T DNA 25 A48 (7R 9 PRI B 07 V20 FE W T A4 S R R R A8 R 48, A FF T £
LH) 5,789, 538 55, 925, 523 36, 007, 988 36, 013, 453 36, 410, 248 36, 140, 466 ;6, 200, 759 F
6, 242, 568 ;LA Kz WO 98/37186 WO 98/53057 ;WO 00/27878 ;1 WO 01/88197,

[0154] ST o3 (FEFE LIRS, LR A8 (FgmidRl & &AM 2 TR ) Mt 514
STV ARG P RN i O BAESE E RS 7, 888, 121 18, 409, 861 HHFE4H4#
W, FEIGIE G 5] AR RN

[0155]  BhAb, WFEIR LA & S SCER P BT AR, DNA 5 5380 (B0, 2 fasrfate ) o]
i FATATT & 08 B SR P A A — i, AR W KR 5 ANBUE 2 AN E AR ISk . #iln
Z W EELF]5 6,479, 626 36,903, 185 ;LA 2 7, 153, 949 Sk T KRN 6 D ECH 242 &
BRI 7 ek e B o AR ST 1) 28 (A n LG 1% 8 A I 7 DNA &5 Ak 2 18] 1 A id B2k 1)
A, B2 0, EEHEHS 8, 586, 526,

[0156]  5y4b, 55 A] RNA A]JH Rk AR ST #4009 F T 7= AR 45 57 RNA P31 I 5 VA4 TREAL A
GEA BT P T e PR B bR o X B8 B 5] RNA W5t Bl Cas9 518 B4R 36 2 () B A7
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[0157]  fitfk

[o158]  f BJTIR, IR HEAT AN P51 (kAR “ B e 517 B A7) 14RO, BG40
FH T2 TE 9% J PR B 2 FH T30 i B AR B R R 3R 08« M8 25 5 Y 1f & DL R A P 51 o 5
HPr A T B AP B AR A — 1o A PP 51 a] 5 42 T PR A [R1E X HE [F1Y5 P 51
PSR VFAE 2 R B AL HEAT A R HDRe 53 41, AHAR 7 2 P A 25 5 5 4 e £ 5T TP 32 R
X I FE AR FIUR 7 0 B 3R o A o~ ] AL 3 15 40 B S 2 o [R) 058 P AN 44 [X 3o
401, T30 7 52 S X I R ASAEAE T 2 (P EE Rl 3 N, J7 90 A A7 AE T AR IR 43+
FE HAN A T-52 503 XS8R 1 72 31 RV I 2 A X 3. B, A 2 ml i sk 3R [F) Y8 i) v 12 4%
(NHEJ) #Li i 4 B 5 BN )| (SR IL PR e . 2 WL 4, 35 [ 5 R A FF 5 20110207221 1
20130326645,

[0159] AR Z IZFF R ] DNA B RNA, SREEDE XUBE, LA S A DL BB IRIE N3N
iR . 2 WA, 25 LR A S 20100047805 ;20110281361 5BA K2 20110207221 0 T 5 LA
BTN, WA AU e f AR N 52 1B 7 VR AR A Z ) AR v (g
By I 4 MR B B ) o a0, ARG — AN B N DU A% B R i R s TN B B FE 1 37 g
A1/ BOR B AR R R BRER R — DN ECE W K. 2 WA, Chang 58 A (1987) Proc.
Natl. Acad. Sci. USA, 84 :4959-4963 sNehls % A (1996) Science, 272 :886-889, T {#H"
SR 2 125 TR AN B A 1K) B B AR AR AN IR T8 i 2 2, LA S AT A8 0 () 4% 1R )
TR, o an AR AT I 2 S T R T N AT PR A B M S R R R A

[0160]  F]R: 2 A% BRAE LA BRI 2 ) 38044 73— B0 AE Rt 2 i 2 N J v, B e 1)
AN S I B B S B AR IR TR SR DR T L, AR 2 A% R R AR A IR
SN AR NS a0 e FUABCE ISV I E S IR N, BUE AT Hm e (B0, BRp
AAV JEZ 03 55 0T S 8 180 5, DA S RS AR 12 8 (IDLV)) JiX.

[o161]  — Ml A AHeAd DU 1570 B8 A A7 i Ak FH PR S B+ DR B SR 1 22, B AHEA4 4 \ 2
IXEh N RS R R IA 1Y a3 BhF (901, AAVSL. CCR5. (8K [ HPRT &5 ) o ARTT, F 5 111 5 DL I
&, (R TTAE B 3 F R/ BOE SR, B ANl s S ) B0E TS S 0 S 3 FE s A 24U
SHEBF

[o162] ALK FHEA NI RS, DEIF A — B e W R R R I8 .
W, PG WA ST I ()% 2 R4 N IR TR 8 , DAATAS — 2 (BRI L R N sl / B C
g ) BCE A WIR T A E N S R R R SR A Rk . AR e S b, B
(920, A B A W gm b P 2 R 9 BRI At 17 20 ) B BT AT PR 055 R A a2 4
HEHE A R

[0163] UG T ( WIR IS L DR B VR N B BE R ARG 7 ) S5 R R -— i R IA
WP FI A A K P51 (A BB S AR AL ) B 43 17 9 o AR IR b P IR B A2 DB PRI
X e AR B 053 7 B I D Be 5 A E PR il PR S B hE A R R (i, ve T B DR ) SRIARI 2
JOR AL 5 BR R/ B Bk

[0164]  J34b, BARANEERFRIE , AH 2 AR 7 20 P4 75 i s BB B R 1 e 270, 49 0 i 3
F IR B T RN S YRR 2A BKAD / B IR IRLE S RS .

[o165]  ifiik

30



CN 105208866 A i BB 29/55 7

[o166] A HITAM A& (1 F BUB A SCHRER A A4 (#1140, ZFP. TALE. CRISPR/Cas) - 4 h5
HEV Z %R AT A 2 2 B Ik 245 TCR AR EE4H M o T 18354015 DNA
A A ST iE e SR LR 6, 453, 242 36, 503, 717 36, 534, 261 36, 599, 692 ;
6, 607, 882 ;6, 689, 558 ;6, 824, 978 ;6, 933, 113 6,979, 539 ;7, 013, 219 ; LA f% 7, 163, 824 tf
HHTHIR , XL N 2 AE Ik 5| F AR I N o
[0167] ORI & ZmhSEEdE . TALE BX3 CRISPR/Cas & [ HH 1 — M B2 P K 7 21 1O 3%
A SR 336 32 G0 A SC I R 8% 4 < TALE B3 CRISPR/Cas 8 . AT 2Bl 32 36 4 AL it 44
MNZZH . AT B8R R, G AR T ok 8 10 5 5508 53 8048 18 08 55 31
L 90 B A S R B B B R DA R IR A O B R . 1S LR E RS
6,534, 261 36, 607, 882 16, 824, 978 ;6, 933, 113 36, 979, 539 ;7, 013, 219 ; F1 7, 163, 824, 7
IE T 5| AR TN . A0, R W 2 W A2, iX Lo fs (A — Al & —ME 2 PhErdE
E AT —PhELZ P CRISPR/Cas b 7 31 B — PEL Z Bl TALE 9wb5 /751 DAk, 4
W MEE MZRIGEGE LR RS / B T N, IR B i IR R A/
B AR AT 7EAH Rk LR B AEAN R BUE L4 . A H 2 AN BUAR, B—8ikn] a5
b —FPEL £ Fh ZFP, TALE. CRISPR/Cas R GiHN / BULE NI FE )
[o168] AT LA FH % G 1) 5k T 55 A0 Al 08 23 10 8 DRV 4% 7 V2K 0 9 B T4k ZFP TALE,
CRISPR/Cas I / BUULAA HIAZ L T N0 M (40, i FLB M 4n e ) FEBA R, k77
W] SR AR 41 it FH 4785 ZFP. TALE. CRISPR/Cas f / BRAAR M AZIE T4 . 78 5L s
J7 &, %ihd ZFP . TALE. CRISPR/Cas 1 / BUAAK A% IR AT LUJE FH T 440 A B ES 4 2 DRIV 97
e AR RIS IE RS DNA FiRL %R, DL SR TR (i, le Bk B ik
VW) BEEMIZIR. AR IE R A HE DNA 5 EE A1 RNA J5 55, 1X R Flops 2 70 8 2% 21 40
W5 B B IR B A iR R A . O T IR PRIVE T 7 VA IR 2 I Anderson, Science, 256 :
808-813(1992) ;Nabel&Felgner, TIBTECH, 11 :211-217 (1993) ;Mitani&Caskey, TIBTECH,
11:162-166(1993) ;Dillon, TIBTECH, 11 :167-175(1993) ;Miller, Nature, 357 :
455-460(1992) ;Van Brunt,Biotechnology,6(10) :1149-1154 (1988) ;Vigne,Restorative
Neurology and Neuroscience,8 :35-36(1995) ;Kremer&Perricaudet, British Medical
Bulletin,51(1) :31-44(1995) ;Haddada Z£ A\, in Current Topics in Microbiology and
Immunology, Doerfler M Bhmi (1995) ;LK Yu 25 A, Gene Therapy, 1 :13-26(1994) .
[0169]  FZ PRI AE T B3 802 75 VA K L 28 L JI6 1 G Tl B R DR o B AR G A4
P HE FRAA B PH S FE IS B AZES I A4 A DNAL mRNA L N 998 7355000 DL KA 5 38 55 DNA %
B #1400 Sonitron2000 &4 (Rich-Mar) [/ FLAAM tHA] DL TR iR i%ik . 7EAi% s
7, — P B PP R 2R DN mRNA IR . 57 A INME 5 mRNA Ske3G i@l ek A/ 8k
mRNA F2 8 PE R L) . ARCA (3T — ISRl ) e Bl HoAR A 2 U HALE ) . 2 W38
[ £ H) US7T074596 A1 US8153773, i% & FIAEIL LB FI 7 I IF .
[o170]  H: & 7 ) T 19 % BR 3 2% R 4e A0 FE HH Amaxa® Biosystems 2 ®) ([ B}
% (Cologne, Germany)) . Maxcyte 2~ &) ( & H 2 B 57 @ /K (Rockville, Maryland))
BTX Molecular Delivery Systems Al ( HiE i ZE M E A #r# (Holliston, MA)) DL J%
CopernicusTherapeutics A (2 M1 US6008336) HRfiLfLe . gk Jeiti ik Tt US
5,049, 386, US 4,946, 787 ;LA J2 US 4,897, 355) 1, 3F H gy XA his BHE (#Hl,
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Transfectam" Lipofectin"#l Lipofectamine " RNAIMAX) . & T 2GS A&R
9] PG s e 1) B 5 R0 o PE I A4 Felgner, WO 91/17424.W0 91/16024 TR [ H8EL , 3%
XA L R4 (SR ) BERA R (ENER ) o

[0171]  JIE T A% 52 A4, A0FKERE 5] 1 T o 4 2 4 9% I Joia 525 400 (40 1] 48 e A Ak b 1 4
RN GBI (S0, B0 Crystal, Science, 5 270 :404-410(1995) ;Blaese % A, Cancer
Gene Ther.,2:291-297(1995) ;Behr % A, Bioconjugate Chem. ,5 :382-389(1994) ;
Remy Z¢ A, Bioconjugate Chem.,5 :647-654(1994) ;Gao % A, Gene Therapy,?2 :
710-722(1995) ;Ahmad Z£ A\, Cancer Res.,52 :4817-4820(1992) ;3£ [H L H|5 4, 186, 183,
4,217, 344.4, 235, 871.4, 261, 975.4, 485, 054.4, 501, 728.4, 774, 085.4, 837,028 DL M
4,946, 787) .

[0172]  H& i ik T 2 A HE A IS R IA O R B0 4% % EnGene IC 33X T H (EDV) H1. iX
LG EDV {88 FH 0URR 5 PR B RS S Pk s e B0 2H 20 528, o izbuie i — Vg BA X T4 4 R
AR, 3F H 5y — & HA X T EDV e R PE . HUirs EDV 5 NER4H o 10, 28 o il i i
TR EDV i ANdiiffarh . — HAEAM, SUEREBON &) (2 0 MacDiarmid 8 A (2009)
Nature Biotechnology,27(7) :36 643 T ).

[0178]  fHHE:T RNA SR EREE DNA SR B3 1) RGUR IR G hd TRk ZFP TALE M1 / Bfitfg
(R AZ TR M) FH W 2 0 1) 1) N A v P 5 S 2 T LK 8 B3 8 0 80 o ) 4 P A o ) o 2
B PIRRE R EREE A T R (W), BEE R E T TR SN ER 40 M, 28 5
fmAE T B (SE) . FHT38IE ZFP &S AT REN RAEFHEEART
FH T 22 DR A2 110000 2 530 23 30 A S 120 B80S IR 23 3804 - IR AH DG B 2R B A
AV R R A . ] RE W SO B L 1R BRI AE OOm R R N B A S N &
FERA, X F - FEEEA B R R KR . 5356, fEF 2 A RIS A AN B ] 2 O
L 2] 5 e TR

[0174] AL ISR A B L 47 e S0 B 110 5 70 0 A ke o5 738 00 s 3% 83 ) 2k
(tropism) o 187 B BAA & RE 0% i T BUBK G IE 43 2440 M 10300 % o B A4, IF H— ™ AR
R o W R R R R R e PR TSR 2H 21 o 300 Soims B 8044 ] I =G E G
iy B A 2H B, HBL AR S & RIA 6-10kb (U4 R FF . B/ NIRRT LTR 2 BAS il A 25 25,
14, S8 J5 F LTR B0 y7 B R 4G NERZ0 R, DUFR IR A B SRR R I o )2 R 30 5 5
BRI T R A MR mE MulV) KB A PR E (GalV) IR R shifemes (SIV) .
MNE G e HIV) , DU A AR EE (2 05170 Buchscher A, J. Virol. ,
66 :2731-2739(1992) ;Johann % A, J.Virol.,66 :1635-1640(1992) ;Sommerfelt Z& A,
Virol., 176 :58-59(1990) ;Wilson Z& A, J.Virol.,63 :2374-2378(1989) :Miller Z& A,
J. Virol. ,65 :2220-2224 (1991) ;PCT/US94/05700) . AT 1% e isf 2 35 B . o, 7 3% A 22
TR RS T R E R /A VF 2 e A p R m Rt T, I AN TR 3
M. CEMHIXFEARIRE T mm A m K ERIS . AIfEA R B R K& 4
. AR EE ( “AAV”) BUE M T DLEERZ IR i ‘T 40 B, 5 anAE A& A 7 AR AR R A
Ik, VL TR AT AR SE I iR 77 % (2 W West 55 N, Virology, 160 :38-47 (1987) ;
Z [ % | No. 4, 797, 368 ;WO 93/24641 ;Kotin, Human Gene Therapy,b :793-801(1994) ;
Muzyczka, J. Clin. Invest.,94 :1351(1994) . ¥ 2 A, B HEE EH L F) 5 5,173,414 ;

32



CN 105208866 A i BB 31/55 B

Tratschin Z& A, Mol. Cell. Biol.,5 :3251-3260 (1985) ;Tratschin ZF A, Mol. Cell.Biol. ,
4 :2072-2081 (1984) ;Hermonat FI Muzyczka, PNAS,81 :6466-6470 (1984) ; Fl Samulski %
N, J.Virol. ,63 :03822-3828 (1989) thfifiik T E 41 AAV #iAk K ZE .

[0175]  FEIm RS, B 12D 75 Mo 2 804 7 T H T 2R, e AR 5%
P K 4R N B 40 i R ) R DR R e R P s A, DA AR B 3

[0176]  pLASN AT MFG—S J2& T £ FI T I PR 1 36 1 208 4% 5395 3 804 1) S5 491 (Dunbar 55 A,
Blood, 85 :3048-305 (1995) ;Kohn % A, Nat.Med.,1:1017-102(1995) ;Malech % A,
PNAS, 94 :2212133-12138(1997)) . PA317/pLASN & F -T2 PGy 7 il 56 10 55 — Rh Gy 7 3
(Blaese % N, Science, 270 :475-480 (1995)) . 7 MPG-S 028 %44 rh W82 21| (1155 S 3k 22 Ay
50% B FE 5. (EllemZE A, Immunol Immunother. ,44 (1) :10-20(1997) :Dranoff 2 A, Hum.
GeneTher. , 1 :111-2(1997) .

[0177]  ACHAREH T RAZZHFRNBEIC ORI EE S P8R ERSE (IDLY) . =
W) 4, Ory 25 A (1996) Proc. Natl. Acad. Sci. USA, 93 :11382-11388 ;Dull %5 A (1998)
J.Virol. ,72 :8463-8471 ;Zufferyet Z& A (1998) J. Virol. ,72 :9873-9880 ;Follenzi ZE A
(2000) Nature Genetics,25 :217-222 ;3 EHLHAF5 20090117617,

[0178]  EEAAMRAHIORER B (rAAV) &0 A B Ak FY L R I R4, 2 2 T i ALUf
AEBUR /IR IR AR B . BT A B0 H IR T A OR B8 42 T3 DR 3Rk 1 11 AAV
145bp Kuf R M EE R FRL . TGN R0 M0 EE R A b, A 8 2 2 B At e 1
BEBLPR 335 S X PR RS oS8 . (Wagner 28 A, Lancet, 351 :91171702-3(1998) ;
Kearns % A, Gene Ther.,9 :748-55(1996)) . i W] AR 4k A & BHAE A Hoe AAV L5 7Y, 49
$5 AAVL. AAV3. AAV4, AAV5. AAV6 FIT AAVS. AAVS. 2, AAVO I AAV rh10, DL BUR B8 AAV, 110
AAV2/8. AAV2/5 LA} AAV2/6.

[0179]  £E KL B8 SLa 77 S8 v, A4 2 18 0 55 B0ME . 0 AS SC BT A AR 1 iR _ A
H VR T8 9 5 1) &2 D — AN H R o B k. 1805 5 TE 4 31 3R AT AE Coffin 58 A
(1997) “Retroviruses”Cold Spring Harbour Laboratory Press, JM Coffin.SM Hughes,
HE Varmus %, 5 758-763) W4 2. 18955 85 B4 — e m] ARSI SR 1 77757 A 23 DL A3
WEE LR S 5,994, 136 36, 165, 782 ;H1 6, 428, 953, LIk H:, 1558 5 544 A2 BE-4 BB FE 1)
PR FEAE (IDLV) o« 2 WA 38 B L F A 2009/0117617, IDLV R 4n itk (149, 4t 48
AL B R ARS8 B3 B A I 2 IR b () — AN B 2 A R B8R B 044k ™ A, B AN T AE Leavitt
2N (1996) J. Virol. ,70(2) :721-728 sPhilippe Z& A (2006) Proc. Natl Acad.Sci USA,
103 (47) :17684-17689 ;LA K WO 06/010834 HHFr A FF [ o £EFELL ST 7 S+, IDLV 25 %
AEEE AN 64 L7 AR FRAZ K HIV A8 555804k (D64V) , WIFE Leavitt %8 A (1996) J. Virol. ,
70(2) :721-728 T REIAR AT

[0180]  FEFEECSKf 7 R, Bk BmE A . m]H T AN HIE S 1 Ad 2 1= E BR 1 14
SRR E A Ad BUAE (B0 EL BRI ) A R EHIRE 7 Ad Bk (0, IR 4 )
A/ BORYET AKEE dE ASE M  E 2 Ad Bk (1, Ad5. AdL1, Ad35, BLE JE 1
RTE -3) A/ BURAHI Ad B (30 Ad5/F35) , B TR 1Y Ad Bk, Bt AR Y Ad
AR RA TRAAYE (B, WEEEM ) E0 (GEW, WEEARN HL SRR KEAY ) .
“TodpER R DRI I 7 Ad AR T, A9 A H Hp LA 2 o B A e B R DR AR 2D B g iR PR R
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0 DNA A3 2 A7 3R /NI Ad 304K o 3 Fo V9 0 [R] IR 3558 2 65 ZEN (1) Fe A e 1) o )t
TR ER IR 17 BARTE SR T P B AR RR 4 B0 ) B AR B A (W K T R L R I U A A
[o181]  AJ /AL i Kb () 52 il s e 7Y J AH IR B AR (Ad) , ‘BT 2 I AL VT 2 AN R AT 2
AL K R 3 B 2 AR TRk, DML EL R AX Ad Ela E1b #1 / BUE3 £ [A] 5 B 5 /8 e o
St — B 2 Fh ik 2 A S DR T B8 O 40 e b 3 4 2 R SR B Y A . i, A 293 diiff R EL
Life o Ad SR T AR N i T 2 B d 238, B 28 2 ALt e, T f B RTTL IR) Hh A £ B TR
SEAH R . L Ad BiR B A RGN R o W RS 5 Ad Bk 16— SE A8 A, 45 DL PR P8 3 55
HEAT UM GIE 2 R VRIT (Sterman 2% A, Hum. Gene Ther. ,7 :1083-1089 (1998)) .
[o182] i FHE0. 2% 40 M T fl BB % JEk s T S 40 M 0 BE 0RE . X P B 0 K5 293 4iifiie. b 2
YA UER PASLT 400, 293 4HILAECLAE IR 5, PASLT 20 fe i i S 8. I8 AL IR
AR, 2% B0 FE R Hh AR A M ROk AR B T R GR ST RR R LA . R A T
A RS NG £ (WUERAIAT) P& s MR e 8, BB R e e P p g i i KA i
HRRIEEIT B BN R R IR MR R MR ER DI I, T2 DNRIT I AAV %,
Wil E AN AR B AAV A K AL S N g R R RNA G m kA EE ITR) 7
Fll o R B DNA A0 215 A Fl B SURE (R 40 i 2% o, 32540 B PR b e AAV ZE[A], B rep 1
cap, A TTR Feoll. WA RRmFEAE o4 B AL iZ A &R . SR TR 8E ANV Bilk =
AN SR B 4 B FURL A AAV RN R IE . T8V TTR 271, AR K E a3 B k. Al
i () FAAbIE BRI BS54, MR 20 AR BB I BB R T AAV. 546, RIS AR
T Z 40 DA REUAR A2 AAV (2 W32 [ B A5 U. S. 7, 479, 554) .

[0183] 7 llm A T 56 v [ FH R B3 8044 1R AT B DR 4 2 11 HL ' SE 940,455 Rosenecker 46 A,
Infection, 24 :15-10(1996) ;Welsh Z& A, Hum. Gene Ther. ,2 :205-18(1995) ;Alvarez 2%
N, Hum. Gene Ther. ,5 :597-613(1997) ;Topf ZE A, Gene Ther.,5 :507-513(1998) .

[0184]  fERLECSLIf T R, Ad BRI kA I IRIR R acA4, 40 5ok B AP ERCE 22 FloAS [A] 1Y)
Higs 5 2 DAL 1K) 7 81 o 81, Ad 3844 T Ay AdB/F35 344 « Ad5/F 35 A& Tt FH ok 1 B e i 25
(i1, 440 Ad35) (AR A4k 1 PR R AR AdS (1) — DB AN A 4R R DR (1945, B
R TLATAA) T BRI o AdS/F35 FAR A A I RF HEAE B A NT 58 N, (2005)“Evaluation

of biodistribution and safety of adenovirus vectors containing group B fibers

after intravenous injection into baboons, ”Hum Gene Ther, 16 :664-677 ;Nilsson Z¢
A (2004) “Functionally distinct subpopulations of cord blood CD34+cells are
transduced by adenoviral vectors with serotype bor 35tropism, "Mol Ther,9 :
377-388 ;Nilsson Z& A (2004) “Development of an adenoviral vector system with
adenovirus serotype 3b5tropism;efficient transient gene transfer into primary
malignant hematopoietic cells, ”] Gene Med,6 :631-641 ;Schroers Z£ A (2004) “Gene
transfer into human T lymphocytes and natural killer cells by Ad5/F35chimeric
adenoviral vectors, "Exp Hematol, 32 :536-546 ;Seshidhar Z& A\ (2003) “Development
of adenovirus serotype 3bas a gene transfer vector, ”Virology,311 :384-393 ;
Shayakhmetov Z& A (2000) “Efficient gene transfer into human CD34 (+)cells by a
retargeted adenovirus vector,”]J Virol,74 :2567-2583 ; LA Jz Sova Z& A (2004), “A

tumor—-targeted and conditionally replicating oncolytic adenovirus vector

34



CN 105208866 A i BB 33/55 T

expressing TRAIL for treatment of liver metastases, "Mol Ther,9 :496-509 14 fif
IR . W B PR, ZEN R 2 b5 iX 28 ZEN (K] 20 4% H IR P p Bk BT SR A . —Bekud, N T
SlAkFE R CCR-5, 2 it 2 S 2 2, 451 B abk EEL 4 . (B &1, T ot T S Bh&m g (T,) A1 T &
Mo EEE4HRL (To) , BRA1MR T A SRR A% (NK) 4HH) B0 CREEAZ4IHL. BENRgi) kg
M R 40 B AR PR AT L WG R TR 40 A R B MR A ) s AR ORI B AT/ B SR A
Jf CRSAR 5 ER A B[R] JSTA SODRAM A 45 SR SR A A0 LA SR ) o MR L L B bk
EL 40 B AR SR AN A2 T A0 MBS BT B B PR i s AN . 7R AL S R,

BN A T, FRAE N CDA AR MR LRI . SE4H M IR W] it I 140 B, & if 12

L ] 7 A AT AR G 92 AT

[0185]  {EVF 2 HERIVAYT RLA 1, 75 22 DAt B2 0 7 PR DR VR 7 04 i 16 22 s 2 488
AL DRI, AT R g A, A FL e ek SRS TRC A 1T LA 4 A M S A )RR e v, AR S
AP R L RR IS T E A ROABL A& A ERECAE, [ H X CAAE T 2041 e
KM {2 AR A 524 /7. 40 Han 28 A, Proc. Natl. Acad. Sci. USA, 92 :9747-9751 (1995)
fRI8, P S JE R LR 8 RIS ST gp70 BN IR & 1, I H % 20 25 R sk 4
RIENR T AERK R F 2R AR XA FE AT T e m e - A xt,
Horp R f R I — Pl 244, 1R B RIS S Z A R T 2R IR B A & A . B, AT
FEALZIRIE B A4, DA RIS A AT AR Bir e 40 M 32 AR B8 A e R PR 4 AR & T Bl b B
(BN FAB B Fv) o BROR Fad fi3A 32 BEN HY TR B 004, AEL[RIAE ) s 3t m) B T AR s 34
A TARAL S A, A0 HL 5 A R TR 1l 41 B ) 4 e MR U 1

[o186]  WIHIL 4T AN, — MR E L 4 B 452G (T, BRI UL R R B
PR T ) BRI RL FH SR A A s R R RYA T T A, G Bk o B, AR AR B A s 2 B 4
HLrF 81 21, AABAAS B A Y B 4B (5, R B R R R ) L L S G ) T A
T T4, S8 5 5 T AR R I N BRI 41 M 5 1 40 M BN R

[0187]  ARUEHIAR N S T2 W 0 58 BCEE DRG0 8 A4 4 o e G ( i 4 i
I B PG E B TE AR ) o E MR SR TT S, A2 A YA R B A e,
ZFP 1R (IR B cDNA) % 4, Byt 52l AR R (i, 838 ) W o ARAHEE AR 7 3
BE T AR B Qe S AP A e R (S U640 Freshney %8 A, Culture of Animal Cells,
A Manual of Basic Technique (5§ 3, 1994)) , o 5| H S35 SCik 2 00 T W] o S A B
FREEANRA) .

[o188]  Ai@E 4N S (H AR T EZ A F 4 Al / sRal i R . b3S 4 fe s Mtk
SN0 M 7 A 1 40 i & 9 3E PR i 2 S48 B FE COS. CHO (41 41, CHO-S. CHO-K1. CHO-DG44.
CHO-DUXB11. CHO-DUKX. CHOK1SV) . VERO. MDCK., WI38, V79, B14AF28—G3. BHK. HaK. NSO,
SP2/0-Ag14. HelLa. HEK293 ( %1 1, HEK293-F. HEK293-H, HEK293-T), LA F perC6é 44 i,
DL B H A v i B H X ik (Spodoptera fugiperda) (ST) , B E T8 41 i i W1 B B &
(Saccharomyces) . e 7rfEREE (Pichia) FMIZSHEEEREE (Schizosaccharomyces) o £F -850
Tt 77 &, 40 & A& CHO-K 1. MDCK B HEK293 &l & . 575 #h, T 43 B R0 s 48 P JA 4t g, LA
FEH LR (91201, ZFN B3 TALEN) BOE B IREE R4t (4|71, CRISPR/Cas) #HAT AL 544
M- SRR RIS E RN . A3 B A B B8 71 i i Az 40 e (PBMO) , AR Hie
() L2 R I, 3 B EAS R T T bR ER 4 B, 1 CDAAT 41 g B3 CDSHT 4. A3 H 4l il 4D,
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FETAUM, 1 a0, 2860k Ui, IRAGT40 M 75 S 7E 2 Be T4 i & 40 e (CD34+) H & T4
JHO R0 8] 78 5T 40 i o

[0189]  fE—/NsLi Ty b, T4 A T S AR 40 M 4 Ge A& RVR T I 7 vk R A T4
L R A B AT AT AEAR A 2 A0 o B gl e 28 2, B3 WA S NI LBl (s an 2 e it 44 )
v, B SRR N BE . {8 40 MO PR - 4 GM-CSF., IEN-y H1 INF-a {8 CD34+ 48 Jufdk 4k 45
A R PR b EE B S A B SR AL G v E A B AN (2 0 Tnaba 25 A, J. Bxp. Med. , 176 :
1693-1702(1992)) .

[o190] AV IES B T# S ML Ta0 . B0, H4sa AT ZER 400, W c4+
F1 CDS+ (T ZH g )« CD45+( 3= B 4Hfe (panB cell)) . GR-1 (Rigiie ) F1 Lad ( -4k 40 5 3%
LML) BB BELH I, AT A E BE L D B T4E A (200 Inaba 25 A, J. Exp.
Med. , 176 :1693-1702(1992)) .

[o191]  7E—UEsfif 7 Rk nl i B DB 4. #an, e @ EA kT
4N Rl AR VR T PR A, b A MA A & AR R B ZFP. TALE. CRISPR/Cas R4AN /
BCAEAR . R P R i DA 7 O AR A BAX- (AR BRI ECE BAK- FF 5 %
Rl (0, £ E LR AF 5 2010/0003756) w40 ML 1) BAX F1 / B¢ BAK, B 41 i
B HBIR0F DR R A Bl —6 H7 7 Tk ZEN RBR 1 IOR 21 Hh B 2L 1K) BAX AT/ B BAK. B, i 7]
JE I8 P 2 IR A BRI 77 G Z-VAD-FMK ( A4 B3t — 4Bt - &l - RAEE [ 4T
B ]- AR ) RSSO T B .

[0192]  Ho AT [A) A= WA L322 it 1 &5 A5 ¥ 97 M ZFP. TALE. CRISPR/Cas R&GiM / BULALAAZ R
(Rt (oD, 00 s 5 Im B8 B AR S ) DM T4 e, B0, ATt FH AR DNA B3
mRNA. A A T80 5N RS R R 2 240 A e X B A AT AT I8 2 e P, R R EAS
PRy Sk e  Je BTt FH A R 5 L o it FH 2R BRI 5 v R FH O HLo AR S (R R
N G, FF H, BRI A —Fh DA b Bad A2t A 4 e 2 A4, (HR — Fiofe e I A AR Tl 4R
BELL 5 — i 2 o0 H i H A R R

[0193] M4, /E3R [ L RS 5, 928, 638 HAF T4 DNA F NG ML 40 515, Hig
SRS NG M8 (B4, CD34' 4 ) s HEE R 35 B .

[0194] MG IR SN s g i (ol dun, T 400 ) P AnE R 5 4R 5 A48 B 44
Z: UL, 1T, Ory % A (1996) Proc. Natl. Acad. Sci. USA,93 :11382-11388 ;Dull ZE A (1998)
J.Virol. ,72 :8463-8471 ;Zuffery 2 A (1998) J. Virol. ,72 :9873-9880 ;Follenzi % A
(2000) Nature Genetics,25 :217-222,

[0195]  BRZj%% b ml 4252 B4 2 50 o b Bl it A 104 e 64, DA T i A A s
SETTEFTHE R BRI, W R Bk, /278 2 M 2 R 1] IR 2 A A AaE ln (2 )
1, Remington’ s Pharmaceutical Sciences, s 17 ik, 1989) ,

[o196] A

[0197]  FrAFFHIJTEMA AV T84k TCR IE KA FE R .t ERTR, ik a4 34 Bk
et gn e (Ban, TREGI ) FYE TCRa A/ 8L B FEKFIRIE. TCR FEK %R
A AT I 1 2 DA 5 ORI I DI A Il U1 S AT AR R R ik R
HAEPRAN B AL IR R, DME ARSI RIAL U TR 7 Z1 i 2 Jeak 5 Sl Je X
TR 51 n) HE 2 B G ps X b Sl A IS e s (B, “HE T A ) B 2R
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TE G5 3 8 [ 2 ) 5 DR B e R ) 1 S DX J, DA A PR B R Y DX 2 s B
TR BY 4 52 AR s 71 S 7] B 20 B P - DAIE RO SRS I B R BT . TR TCR JE R AL IE
Al JE g ) A AN ECE MR R T S MR B /MHC 250 TCR AR RS2,

[0198]  fFAESHI H TAZ LB N2 1Y TCR 2R84k (Rt PREGRk ) BRI o 140, A SCH
W THEMA G RVFAM RS / Bzt (HTRTmEaRRT g ) . —ADEEA
P Y TCR 22 R 84k T 5 2w hl i 2 A 73 TR B3 it RN PR IR & B 3248 (CARS, 1
Cartellieri ZE A (2010)] Biomed and Biotech, 5 2010 35, X E 45 956304) [11F:H ()
FENAL G DS B i L DR g . ( B3 B A (R PR B 3K S 40 i (1) 4% ) mT R4 e
YRIT e B, IS R IR IE MARZ IR Fgnbd TCR F5F A% IR B AT 1o A 77 TCR 12 K] 1) 998 5
B, FEAR N IEAT T UM S Bt a) o AN IRIERR IR O, F AT A0 4% R BH A BRI T V2R 9697
JERE o AR SMEATAH Mt v B T B AL S B3 F T e BAR BI3E AT 55 TCRAZ IR B R4 A 1 L
BRMPEIT A PIIRIT AT SRR e E , AR AS BT M L ol e B s LI
g5 B e 2 I U0 S R B8 Ve 5 . AT AR R BRI B ARG YT I H e e B E
YU TR AR BRI G, DA B R MR/ BB SUE 39 (GvHD) «

[0199]  UkAb, ASCHEAR WA A G m] F T A o XA WA Fl 40 i 3, B AEAE AT 45
SE TR A b A R SE I BSR4 . EL9R ZEN/TALEN/CRISPR/Cas 2R Si i fIL7r 4 i R B
15 A WA R B AR ART 45 5 R DRI B8 0 (ER AE AR AR IR AR IC G DL T, X L S 2
W o DRI, AR SO RA R R T 1 RN WA R 1% A T A A
PERIZM R AR T A ARG B (CHO) M R M REGE T 4451
AAV IiEAYAE NS HEK 293 40 sl R i i s Sro B3 Sr21 K4l & .

[0200] A% BHEI VAN A i vl T 72 A B B R AR Ak . i R R sh T 5 K B T
P I AR Y R IR e B FL DR Bh Y, DA K HAT e f5 PR BI04 . AT AT AR R B B 7 VR AL & P b
HRRG, DT AL BN E) o A6 —SEsKHti )7 2, &3 IR AR mT A5k B /N AU A3 ()
Wi, MRS ENY), S5 ) SRS K@ A R ARG o Wk U5 204 1 =1 PR ) 2 i 451 ]
ALHE/IN B R BB B VD BRI SR o (R0 FE 30 1) = B ) 2 S 48] P 4 8 S ) = A , DA
MES . K& ARG S nTAFE 5 1l 2E 4025 8 VIR BE L SRS, BLR AR . RESEEIN
A R i P S AT B FE G R R SRR JTUNE R AR L U0 S 4 22 M IR A L s RO, DL
BRI . AR B S T R, Al R AG PIELRE SR B AL TCAT S IR BB G & S 1)
WG . BRF, Gl BIIRAG AT A B VR AR , 461 40 S JYR i B3 e TR A

[0201]  sZjifafy|

[0202]  sLJitifhl] 1 L ARAGE S EioE S 71 WI-1TCR M AR R IA

[0203]  f% % it 5 57 T HLA-A2 BRI Wilms PORHTE L OFTD B (B AR HL, WT1,5 a0/ik
(Kuball & A (2007)Blood, 109 (6) :2331-8)) (1) %5 o5+t Ak (). F 1 Bt 20 R 12 11 1) TCR
(R DRI AT WTL 45 5 P TCRa 21 BR3E B 21 FREE v B2 2 X [A) B FHAL 5% #2 % f& pCCLsin. PPT.
A LNGFR. minCMV. WPGK. eGFP. Wpre Bk # pCCLsin. cPPT. A LNGFR. min. CMV.h EFla. eGFP.
Wpre, W £E Amendola Z& A (2005)Nature Biotechnology,23(1) :108-116 ;Thomas Z& A
(2007) J. Immunol, 179 (9) :5803-5810 ; LA Jz 3£ [E % F| 2 H NoUS2006200869 H Bl # iR [
(Z LK 14) .

[0204] i I EEA W 2 (1) 5 =AU B U R e sidh, DLACH] VZv G i fL, Ak
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E# Follenzi #1 Naldini (2002) , Methods in Enzy mology346 :454-465 FTHi S K. BH
JE A FARAEER (IR 3C) SRk A 18w s i e S 40, I B4R MU HE Dy FACs 23 #fr AW 52 4
U5 TCR &5 IEAEAN MR ] B3Rk,

[0205]  WI'FK 1 Frow, il s HH PGK/mCMV XU 3l F 4 A ik & HH EFL a /mCMY XS 3+
AR IR, WT-1 Hr Pk TCR M AR i RIS . R I 2 NAEE X VB21 RIS
WT1-HLA-A2 TLERAR S B TR IR P A7 AE A B 5 I E 2 L

[0206] & | :WT-1TCR [JRIE

[0207]
J#5 14 £ $ 22 K
PGK 12.1 21.3
EFla 1.48 5.16
K EF69=0.085

[0208] T 4HALIH: T &0 FH 3L CD3/ Hi CD28 fuAk LA M Bk (Clin ExVivo CD3/
CD28 ;Tnvitrogen) (baCD3/CD28) I i& M Al 17 K I 1y, He v 41 ff 2 /8 & F K 7l & 1L-7/
TL-15 F1 10% FCS [ TMDM (GTBCO-BRL) #%3%JE 3% 11, tn7E Kk & FI A FF No EP1956080
F Kaneko Z& A (2009)Blood, 113 :1006-1015 H AR 747 B 40 T 40 fu ik 3
I (CD45RA—/+CD62L+., CD28+CD27+. TL7Ra+. TL-2+v TFN—/+) , 3t H. 41 o M A< 55 5 (1 bk B2 4
M ZE A HbIETE . FEIX e 45T, PGK XS ) F#AIE FH E 387 WT1 R M TCR #E L2211
ERETTHILT EFla XS 81+, X R VR L7, PGK XU H] S )+ Eb XA EFL a J5 )+
RAE T NG TR o SR 1T, ARSI B A 1 S5 T WUl X PR A S 30+, FEAT AR RIEGE A 70
KRG, TFRAEE A T A R HLA-A2/WT1 T RAR S A 17K F I TCR 18 (16% ) (& WK
1B) »

[0209]  TCR % 540 Mt RENS R B Bk B AML S8 1 WT L+HLA-A2+ JFAK (3 1375 40 B 1
Sty IEN = RN g i e 2= iE Ve KRRl Hb, 78 F A PGK/mCMV XS 341 & B3 EF1 a /mCMV
KA Bl FRAK B LR TCR [ #UE L A v IFN [ &34 2 (& 28), v IFN 1977 &4
Fon N TCRABM 4R i 3545 (4RIIEAE ) % (1 2B A1l 2C) o b4, 7ERIA HLA FR#7T
PERRPRICEERR FAFAE T, 6 H A SRR B, 2 Zm 3k 4B ) v TRN = A a4t (B
2D) .

[0210]  SEjEH] 2 FEFE B PP ARICAZ T 40 CCRS L R e v 1 &3 &

[0211] 3 7 I0K WT-1 % 5Pk TCR & [RI#E A B K ICAZ T 4H M o i AR, 1 5B/ A GFP
VE AR B SR W I #6 5 R A A7 5 1 GFP 35 18 CCR5 FE IR A2 K BV &R
CCR5 iiFRAM 2 Az DhRe PR (S WEELHI5 7,951, 925) o BhAk, PPPIR12C (AAVS1) A
FESAU g SR A 1 (S W3R B R A FF 20080299580) » A TDLV #i44 Zmhd GFP (1) fit4k
S BIGNH, LLA A A Ad5/F35 FAKKE CCRS Hr 7 1t ZFN B35 AAVST 455714 ZFN 5 N4l i,
W Eprk. S 20 K2 JGE GFP Fik.

[0212]  WIK 3 Fraw, ZEN A 51 GFP 35 2L R 35 3R GFP B 5 2, BHEW M 5 i FH I
Ad5/F35 AR E (B 3A FIFE 3B) o R 3R 2 78 HHAE AR B (A4 ZEN I47AE T, GFP [H
PEAH I 4 L3
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[0213] 3 2. GFP {55, FHYEAN L 5 7Lk

[0214]
FEANLLRL (UT R | A ZPN
CCR5 0.038 0. 083 6. 11
AAVS1 0.015 0.18 4.38

[0215]  SEjafsl 3 :WT—1 %57 TCR 4% JE K 3 Jurkat TCR B — [ ME4H K CCRS bl R H (1)
B

[0216] BS54 WI-1 %7 514 TCR G BL R A 2 AR S0 1A 22 5 B A TCR- B e et ZFN Ab 3 5 2
TCR B — [IVERY Jurkat 40K CCRS JEpE BEH o AT FHFRAERIA, F AT SEHafs) 1 o Bk
1) WT—1TCR #4) E2 A5 YL 4t i

[0217] O M E 37 & H 1, /£ 5 N WI-1TCR fit 4& (WI1-TCR IDLV) A1 CCR5 45 &
ZFN(Ad=ZFN) Z Ji, 776V B 21 Yeta o {5 5 2 A3 n, /e 3% A A s ZEN I, 1A 2|
HR VB 21155, I, ZEN /-3 1) WT-1 Hr 5 TCR #2452 CCR5 A& [K o, iX AEAH 4 K 45

Lb B4 R A A

[0218] % 3 .VB 21+ LM EESHE 2

[0219]
WTI1-TCR IDLV + + + -
Ad ZEN + ++ - -
VB2I+89 G 4tk 16.6 18.7 2.27 0.81

[0220]  SEjfafs] 4 :TCR 4557k ZFN (it

[0221]  TCR ‘4% 551t ZFN # M) 28 R BE/E TCRa 1 / B TCR B I K] Aob XU 4 T 24 11 7 15,4 S
PES N ZEN B vH AT RN B ORISR DLV B 44, A - n7E Urnov 55 A (2005) Nature,
435(7042) :646-651 ;Lombardo 25 A (2007)Nat Biotechnol.Nov,25(11) :1298-306 ;LA J%
F B LR AT 2008/0131962 HFTHUAR R o 7551 P ZEN X5 (1)1 750 Wi A1 B8 7 B 45 T 3R 4 A
TR 5 R . TCR FE4R R THIVEEA, S7E S — PR . 5 ZEP IR e 4 i [ S 47
(R 1R LUK S TR 7R, MRl R % 5 B LU/ S R R

[0222] 3% 4 :.TCR-a E:451 it

[0223]
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[0224]

R

Fa

CRTIRA

SRODNDL

4

(SEQ D
RO

§x<¥?¥\§ ”\'f“

DRSALAR LRC

(SR D
NOnH)

GO

L ’{(}{1&&3( )‘3'&*1»,

ERQ D
Wt ’53

Ns i#‘s

TREHER
SEC

N

RADAL \

40

DESDLAR

SEOID
NEX1H)

yas
1%

%
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)

39/55 7L

) R)R\VI,NR

\\o 5

z3i\¥"\i{§ A

mmx; AR
ENT -m

1 ("'\’» L‘éi. 8

G OSERUTR

(REDTD
BN

PREBTRR
RECHTD
NERI&)

:--;jf_ CRGDLTR

g‘k&(} i§)

HRWVIRG
ERG D

‘\
*\0 \m}

TN

L300 \z.ts,tz e
(8RO m
?‘Q o

SQWOTRYR
$SEE3
U

{'R{s?‘{ AR
3 IR
}I\'-"{}: -&:3}

ﬁgfi\" RE

QSGRLTR Y
{SEQ I
Iy

\{abi IR

{0 9' t{ﬁr N&i@

'1‘ KSARLSR

NER D
Dnds)

LRATH ‘;&

.&:Sﬁi:ﬁ;ﬁ’v"

R

AR

QRENLVE.
(ST I
B8 RN

BNDDRER
SED D
NORSEY

R TOSOHLSR
(SEQID

[0225]
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74
e
o
4
%
i

RNDDRER OSSR T oo
SEQID | (SEQW | {SEQH
NOS1 NERES

tgﬂsfa&....: SNUER
COGH R
[0226] 5 :TCR-B HEIHULIT
[0227]
H ¥ £ = F5 9

BRI 8

mm,z AR QIGSLTR

{ 33
By (ﬂ} Nnels

RNDDRKE
SEQID
N

f\*"«? A ix

NOwS | "V‘s«?{):‘é} NCH64}

R‘wmi‘i ST 'R\i‘}}\§ TR §}§\S}x§ SR LOFNRMY | BSS
{SEQH ‘ RECH (SRO I

AR | BRDDREK
L1 CSER ¥
New Sii‘ BERGH WnE %

'§{ IRCALTG

8 RGN
NBGED
\( S0}

REEHESY U RSONUTR
REGHD | SEQID
NGO | NOES)

YR L LRENLEN | REANEA
- ISR D ENEQID
NERRR N )

| REDHIST | RADNLTR' DSENLSE NEDURT T REANL RNDURRK
Y REQ Y s o . ) s 3 s
RO

"K_}. {\A}

[0228]
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DRANEIK | REDVISE
RO | SRR
KEnEy RLER

X
s
PR
]
D354

DRENLSR
A RO |
TGADRD KOS

SE

OGA
RADVISE TOSONLAR T OSEAL S

GROW | EOm
NS 1 NG

[0229]  sEJtaf] 5 A& 4h ZFN v M

[0230] i3 4 FIZE 5 R HEIR A ZEN SR I K562 40 i R BRBFG 1 o A T R DU 15
PE, ¥ gmhd i b BTk i otk A28 TCR 557 ZFN F SRS Y 31 K562 4l b . K562 4l U3k H 3
| g AR Y AR o0 I B e 8 AR AR R 10 % A5 B 2R ILF (FBS, Cyclone) K
RPMI #5570 (Invitrogen) AR X TR 4L, 1 —1H /i1 Ko62 40l 2 O g MEHRIZ IR G
FUREAT 100 O L 19 Amaxa 353 V (Amaxa Solution V) J&& . 7 Amaxa #Z#:4e/% 11™ (Amaxa
Nucleofector TT™) Wi IR T-16 #& 4L 2i i, SR o K 4 i [ e 2] 1. 4ml JE 34 RPMT 15
FH +10% FBS .

[0231]  WHRZEE A ZH DNA, Ff HOAH 25 TR DI S0 A7 s 1) TCR 2 Pl B2 343 34T PCR #7314, PCR
I 2AA YA Invitrogen [ Accuprime HiFi JARGUITBATH /E 94°C T &4 3 4%
G, 4 94°CTF 30 B IRV IR, #55 2& 58°C R 30 B IKIB K DB, 2 & 68°C T
30 > IR AEAH P IRIFEAT 30 A PCRIGHR . S8R 30 NMEH G, 75 68°C MMER BT E 7 43%8h,
SR G TR HAE AC RIS

[0232]  JEIEA I 7E 25 [ L H A FFS 20080015164, 20080131962 Fl1 20080159996 H A 1
Cel—T I 5E KA 25>k [ 28 K562TCR 5 5Pk ZFN bR 40 Hu Y 2 K14 DNA.

[0233] K562 4HH ) TCR B = [A B H A WA HoA P ZUAHALPE () D seME#% DL (TRBCL
F1 TRBC2) , ThEe S UIARH TCR B ¢+ ZFN $814), LI 4B, [RUb&d], i 4 3 kr
SR ) TRBCT 2R B3 TRBC2 JE PR (W TR ZFN YAy & 1 & X 35k PCR 51904 T 9
A3 AR I P AP R AT ZFN B VT < J5 19 NHE &R, 9%T ZFN X} 16787 11 16783 [
RIS R UET R 6

[0234] 3 6 6 TCR B — 475 ZFN 1 NHEJ 3& M - TRBCL A1 TRBC2 H4#r

[0235]
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_________ ﬁ&é‘i‘\‘iﬁ% b 44 e TRECTE & N
HECZ | 2PN | ZPN2 D WNeES | TRESY | @Mt | opeae | wenesd
wrer | oeTsy | ase osergr | otermsy | oam
oEw 5,00 2 oFF | D00
Mock .00 22 Mock | 000

[0236]  7F3K 6 HPHR AL AR TR ZFN A FoP 35 41%) TRBCL F1 TRBC2 JE:[A .

[0237]  phAb, FATEEAEEL G2 J5 3 KA 10 KEFPGEREEA I T K562 41 ZFN £
SHEMA TRBC /7%, R T FR 7 o, JF B R0 T ZEN X 16787 1 16783, 411
RS MRERE YL J5 10 RIS R 2 1

[0238] 3K 7 K562 i) TCRB 5Pk ZFN

[0239]
ZENA TEN 2 % NHES
22448 18783 20,4
- | 3k
22454 o783 | 17
[0240]
187RY 16783 124
GER 8.0
22408 16783 14.7
22448 18783 8.4
22454 16783 124 R
16787 18783 188
GFR 8.0

[0241]  ZEMIAASFICEN ZEN( % ZEN N 0. 4 u g B 0. L ug) S5, A4 dl i TRBC 4
T ZEN ST NHE] v M. W1 5 Brow, BT A R ZEN X R BLH fiG . 7EA SIS, 41
EA ZENB S 2 5, I 30°C R & BRI T AL (2 W3 E LR AH5 :20110129898) o 7EXT
K562 4 i (1) TCR B 47 7 1 ZEN VI ENIEAT 70 A S5 » 7£ CDA+ B CD8+ Rt T 41 g ok I 2
T ZEN Xf o T8 5, CD8+ B CDA+ 4HM 2 M Al1Cells WK, f HAE RPMI+10% FBS+1%
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L- BE B (30mg/mL) +1L-2 (30 u g/mL, Sigma) H1¥55%IF RVFRE 4-24 /i

[0242] 12955 BR B4R B AE B AL 2 52 5500 ZEN o 1805 B A 2 M HIV SRl (1) B Ak k1
FyEEAR = AR 1, I FLAS 45T D64V 848K 1K) HIV A B, SR 5 A VSV-G B AU AL, 2
PR . AdS/F35 R ER A 2 AEAT A 24 e Z1RT B4 s B3 N TS B e BE I AHL ZEN 2
G NSE R RGAR 72 A2 ) (Perez 28 N, (2008), Nature Biotechnology, 26 :808-816, %
WLEn, Holst J 28 A (2006)Nat Protoc. ,1(1) :406-17. 1e6 2 / A%4% Gy & 44 M il i 7
L E 5 Amaxa %5 4ok 7l & (Amaxa ™ Nucleofection kit) —#H T —# 3K, 7
B 12-24 /N2 5, IRAE SIS R 7 %R (Invitrogen A5 ) FIHT CD3/CD28 BRMLEE4H
J, SR JE A AH B AE AL & 4N SR A 19 Sng/mL (1) TL-7 T IL-15 (Peprotech A ®] ) 1) 10% FCS [
IMDM (GTBCO-BRL A7) ) ¥iFpBEp K,

[0243]  FEAZHE B)5 3 RMFWCRAAML, FF HATH Cel-T W& 1 & = B 202, U 58 anAE
E Fr P F) 2 H WO 07/014275 TR 34T . 185 I, Oleykowski 25 A (1998) Nucleic
Acids Res.,26 :4597-4602 ;Qui ZF A (2004)BioTechniques, 36 :702-707 ;Yeung 2 A
(2005)BioTechniques, 38 :749-758, # T ZEN X H A R IF NG L, i Cel-1 I 52 frill &
(K (NHEJ A 4-11.9% ) »

[0244]  BARAMEI TCR- o 5P ZPN, W b S 2 5, BB 5 IR E A8 #.3) 30°C
ZHLIE3TCIE T EAME 1 R, W k. W, ZELHAHS 20110129898, XLk
ZFN #0115 31 TRAC FE K], B3 5240 E A 41X 28 ZPN (K] 8% R4 4 1 K562 40 Ja3E4T 1K) Cel-1 U
G R RH EEE. 2L 6,

[0245]  SLjifafs] 6 :4H i TCR-B Y

[0246]  ARJGAESEEG HfH ] TCR- B 4tk ZFN Sfeks St B0 a) TCR 5 (K PR . MR S256 4k 1%
THHTAE Jurkat 40 %) TCR ZELA FEIKTZE . 4 TCR- B 45557 ZFNS 16783 Fl1 16787 T A
BB A BB b RS 25 4R (IDLY) |, DABRIS 654 TRBC #8[5] [) ZFN. £E305 5 48 /N,
FETF AR H % P HIV Gag p24 RO E, F1 0. 25 w g B3 0. 5w g FIE A IDLV BHTH T
1E 2937 20 | FH 2 44 DNA §5 52 VAU A5 (0 3 A T e PR AR 7E AN 1 31 5 X 10* 4N 5 947 /ng p24
(P95 B o AR S5 FH FACS 2l e 4i i v CD3 bt W3 2, DA SRR 40 i s s 1 156 IR A6 A L
HHi CD3MACS P4k (Miltenyi Biotec 2] ) [ LD B 4m Mo 4wkt sk = 42 CD3 (-) ZHju.
[0247]  WITF3R 8 P, fEH ZFEN ¥ '3 2 5, AE ik 20 % 22 Ab 340 i H 47754 TCR/CD3 B
A 2 M 3 T 2 98 T B84 71) B 4 i Pk T 1

[0248] % 8 :fH TCR-B 455 ZFN IDLV AbFERL ) Jurkat 40 (¥ CD3 13 54k

[0249]

REEALIY 0.25ug IDLV [0.5ng IDLV

CD3(-) AatL [2.7 13.4 20. 2

[0250]  BEAT Cel-T Wll5E, LA X WA X 2o 45 R B A w18 26 % ¥ TRBC S& A7 FL K (18 % 1

TRBC1 1 8% (1] TRBC2) fE£E ZFN AbER (4 e (2 W 7TA A 7B i “IRE )

[0251] 4%, ¥ TRBC ZFN(16783 1 16787) T AJEACAZE T k40, 7 HW7E Jurkat

YA A B0, ] FACS AN R 80K T 1 CD3 Wil o M B AL A e SR 40 JR 0t T 2 ffg, A

J% H1 CD3 i CD28 ILFEBRFIBE 4NN . 7EBUE G 48 /i), K4l 5 8 TR = AW i &
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5 TRBC %757 ZFN [ IDLV. SRJGEARFE (5ng/mL) IL-7 Fl IL-15 MIAFAE N E; 77240 g A2
RGN TE R AE K o 70 AR EL 40 i 1A 7% 2 Rb IR AN a2 CD3 B PR, i 76 R b FR [
X HE R TLP AR R CD3 () 4R, IX LR S IAE TR 9 H.

[0252] % 9 :Jf] TCR-B 4551k ZFN IDLV AbFE i i JEAC A6 T #h 4 o b (1) CD3 13 544
US

[0253]

uT 2.5ung IDLV |51g IDLV 18.5ug IDLV

CD3(-) A4rkk (0. 17 2.94 3. 26 7.07

[0254]  7E IL7 A1 IL15 BIAFAE N, BT i i CD3 (—) bk EX 41 i m] i o Ik 1) P 4R A% i 47 38 0
1735 (S WK 7C F1lE 7D) , HAiE i | 2 b 7E K 7D hEoR . B TE iR B CD3 () 4 fiAE
AR A7 B0 45 K, FF Bk 7 th A8 ) B A () 7EFE A4 op AR B o EUECE 2 1 CD3 (-) 41
FE . CD3 (=) 41 BABLT ) A4 5 1A 40 i 2 24550 AN |OBE, BRI R ER T CD3 (+) bR ES
R 3G PHA ST 40 Mgt CD3 () A MRS v 43 Leid/y (B 7F) o a5 R 7R D3 (-)
Y ASAEAE CD3 BhEE S 5 . ERIMZL CD4/CDS ELE [ CD3 (+) kEEZH AN CD3 () e
R AR B R ZE . CD3 (-) HMLERFF L2 R, N EATN CD62L. D28 H
TL-TRA 38R BH R (SRR 10) .

[0255] 3R 10 ARFHRKICIZRALM CD3 (-) 4L 5 8 56 E R E 4Lk

[0256]

CD3 () CD3 (+)
CD62L (+) /CD3 () 97.6 0
CD62L (+) /CD3 (+) 1. 25 98. 4
CDB2L (=) /CD3 (-) 1. 11 0
CD62L () /CD3 (+) 0 1.61
CD28 (+) /CD27 (-) 4. 66 3.23
[0257]
CD28(+) /CD(+) 93. 4 94.7
CD28(-) /CD27 (-) 0.87 0. 68
CD28(-) /CD27 (+) 0. 97 1.43
IL-7RA(+) /CDS (-) 38.8 40. 7
IL-7RA(+) /CD8 (+) 47 47
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TL-7RA(-) /CD8 () 3. 83 2.84

IL-7TRA(-) /CD8 (+) 10. 4 9. 42

[0258]  AHELT-HIUG T 40 M, 1042 T R ELAH o/ B e T RS 38 BE Y TCR 15 5 5 BRI L FRAT)
WFFEAEAAFAE TCR RIS HIE LT , A2 PRS0 M I 22 75 R 3 26 Wl 0 1 40 M 1) A7 v A AR
o B HE, 28 TRBC-ZFN Ab T2 (1) 40 Mo P AE 4 78 A G & TL-7 Al IL-15 HyEGFRAE R4 3,
HILEASATAE TCR fil & FITE LR, CD3 (-) 4l AR i B Bl (R ERFE 2 18 50 R LA b . DR, 78 ARk
40 ZFN 52 55 2 4 R AT 52 11, IF H -2 2 [A) TRBC JE PR s e Wid . [Alitk, CD3 () 4
W 43 3% B L T2l i, FF ELAE TL-7 F 1L-15 427 T, BLZEAUL T CD3 (+) 4 () A= K 2 —
Ay 3 UL b, X BoRRR AT ML A T TCR A5 5 D Re AR 1 26 BiNsus B4 ML 1 47
TG/ YE5H
[0250]  IXELEGYE BRI A T B T MR AR ME(EE PR TCR 13 H 2R 1A 7K A W
ZU (3T CDST 41 BE 44
[0260] St 7 % WI-1 R TCR T N BI A Jemi Tk AW R PR TCR 40 i b
[0261]  7EH TCRB HF 57 ZFN FIH T-RENLEE A WI1-TCR B AL LR f i b B 2 )5, 43
M CD3 (5) T R4l e, an il 1 Bk (49.5130% F3ME + FrdbRZERHE %%, n = 4),
PRI, 7E 42 TCR B W3R R4, ok B B8RRI R WT1-TCR B3R A3 e CD3 (1)K [ 4 47
(K85 11T).
[0262]  AHEC T H AP AEXS T 2 s BRI 1 R 5% S0 A RIS BT T AR TCR 1Y [ A 14
KA B R dH TCR 2R (M 240 (&8, 55 247 ) , 443 WI1-TCR /) TCR B #E ¥ i %
(1) 2 Bt T 5t 22 e I R T AR B KT 90 % 4T, IX FR7N TCR B 204 B () 40 i vh 85 7%
TCR/CD3 &AW [ 3 15 & 0 75 1 9F B2 DAME #F TCR /1 T R 2L RHME 1 40 M 3% (&1 8,
B1AT) . AMEWTI-TCR VB BE (VB 21) fE7E TCRB BEML 24 1 bk B2 40 ftg b AAHES T K G
5 TCR 5L R AL = K2 2 f5 PP 38 K 3R IE 1, FF HLAK R 7 AL T X HE T 41 1) P 5
VB 21 BRI ERIL K, FAR A AE 3 77 A ) p A2 e L OR 9 (11 9A AT 9B) o BRI, 75 FHAH[A)
B PGK-WTILY % 52 5, AHEETAN 2. 6 % A S 40025 B WT 6 10 FLERAR, 135 22%
[K) TCR- B £ gm %R AR D4R ML & WT 1,0 o TLERAE (L OA, FHETE) .
[0263]  [Ak, FEANAFAESR A NTE TCR B BERI 58 ORI , #63E 1K TCR B BE )R R IAE
BRI T ISR TCR- B £2 4w 48 Ik DA ML ) DhBE M S5 & 77, IRATTELEL TCRB %
W2 1 410 i 5 F AE [R] PGK-WT LV %% 5 DAZRAS 4N M V5 fiF HLA-A2"ERKR ¥ 58 77 09 AR Zwee: 40
HLA-A2 BEFR A& AW WL g RIS (00K 90) o LI Re I B 728N /
BUBR (B/T) EooAy 12 B, AFSARic 5 T2 40 0 40 B A A Ve R sl 5 Sk I 3 vk, e b
AT T2 20 A AS BTG IO FE B WT L4 45, HLA-AZ B A 5 IR B0, B A AN IS CMV— SR
[ pp65,464 50,HLA-A2 BRI IHE (10 u M, Proimmune A7) ) B LAME A BH YL HE
[0264]  Z24m#E 1 T 40 B AE B LA S A0 3 F S EAT R DU, 0 5 LA I L 08 & 5 /AR i )
Frbric i T2 4iiffd. TCRB BEWTZEAI4NM (7ERE] 9C HFRIR N TCR L4mBR ) MHELT Rénk
(1) (RN TCR EEEFE I )WTILY 256 3 40 e o A R R G 808 (BCH0 « 28 4 55 1 41
it :90. 51nM, B4 95% CI :48. 84-167. 7 ;R4 TCR #2410 :269. 1nM, B A5 95% CI ;
175. 1-413. 5) , IX ] BE Sk 7 #6 3L K WTITCR £E TCR- B £ 4w 48 kA A vh HLAT 5 v A 2 1
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RIEKF. EC50 @I # A GraphPad Prism ¥ PF S T HIZRFI & - N A U6 R BN
B AT HE L P IRV 43 B v S

[0265] 45 Sk R IR NAMIVERE % IF°F3 SD (x = p<0. 05, %% = p<0. 01, TCR £ 44 n =
6, TCR 2 n = 4) o N T EBAHMACTF IR SRS, 7 Hr e VB 21 Ri& (W
K1) KRB EIR, BORBAEEE VIS S, (HI2 /8 TCR S 9miR 4 it VB 21 RIATH

Al o

[0266] & 11 :TCR £ %5 K2 bk B 40 MO AT TCR £ 2 4EL bR B4 B b (1) TCR 22345 Fas 44 42 D% /

il
[0267]
\s\_‘ y SN “ N ? o |
& FOK }} TN v | oovene |
SRR R iy REp | osmamieg | SRV
MBS prewTiy | T TSRS
N EPeWTHIV 1 a4l 367 1.9
TER- =
POK-WTHIN | o &7
TCREHS S PORSWTILY | oM Q74 1.2
or F % 1 32 &

[0268] s JE LI SRAH ML T AL & TCR a8 I U bl A 2L & (RFI =44 T

AU VB 2IMFT/ REG FAMLAET VB MFID) .

[0269]  SEELHML MK F AL UL (CpC) it o it 3k (1 52 B PCR M B[ (Kessels 2N,
(2001)Nature Immunol,2(10) :957-61),

[0270] 7971¥1ﬁ$éﬁlﬂ’@7kﬂz E/‘J lﬁlﬁﬁﬁiﬁﬁjﬁ, y\ﬁ%ﬁﬁﬁﬂj‘ WT1,06 13455%%1’7":2%/5\63\@6@

TCR- B £ %44 M TCR 22572 40 i 73 B Ay 38 ve B4k, DU S e n e L B 4RI TCR 2R3k
OGN o 7 oo A 22 52 T 1 10nM B WT1, 55 1, HLA-AZ BRI ARSI T2 40 (£ M/NED
B AN 1 R / I B R B T R IR PRMC (AN o RF e st S B 7E y

B b HORAERED R AFAE T 77 AR B BE 2 988 B I8 2 FH AR s b = AR B s B E ek
= p<0.01) o FHET TCR ZEERE MM, TCR B 22 2 451 7o B 44 3 7 HE B 4G 1 [ ol S Ak s oz

P (S WE 10, LLEE 10A 2] E] 10B) , 7] B8 R BAEAAEAE— N W IEPE TCR #ERHE LT TCR
) RS FEAIR o

[0271] XL WoR sk A8 A SZ A0 R N IR TE TCR- B #ERAA 1915 3= CTL HaR ik M

FESEPEANIE TCR $24E T ThRE L H o

[0272]  FEiB b, 7 TCR BRI 2 Ja , REm4E I IR TCR a BEM R B R A A7 AE T

TCR-B Z4miE At . AT BV TCR- B BEWT 2 A0 bk B2 40 i AR TS O P B 1, FH 4mS

SCWTL Fr Ve TCRB BEFERIAN A LNGFR ARic ) LV (WT1- B — A LNGFR-LV) #% '3 CD3 (-) 4f
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Mo #6502 LL A LNGFR R A H 4 LERIFA RS (S WK 11) . W& A LNGFR “4H
Mo B VB 21 Rk FE/R VB 21 BBt MFD) o BAAAAELE WL Fe Rtk o B, (0
JEAE 15 83% [ A LNGFR'TRBC Wi 2241 ffw Hhfsr 21 V B 21 RIK, 1X 7~ $L 2 4 4 N B A TRBC
bR 22 1K) 20 it e 22 2 JOE S BRAB A G TCR B BERES 5 IR E TCR o BEAREC

[0273] 4%, CD3 (=) WREDZH Mkl WT1-TCR B fHAAAE 44 5 N P TCR L[ JRE . it
R BRI R, I H S TCR-B 45 5Pk 28N 45418 F UE1S TCR- B B4 L R 4 345 5
PV IR R R AL . 2 AR B CD3 RV B 21. 3TCR B B 42 FH P [

[0274]  SZiafh] 8 sTCR—a %l [ T L0 80 15 d 2

[0275] 7 HERBR TCR #EESTCHI AT e, FRATB VI EE M B TCR « FEFEE (TRAC) FAE E X ) —
XTZENCE 6) , HAZHEOCT TCR- B ZrE BT iR (UAHFI 7 & ) 3/43 7 TCR-a L 4m%E 1 T ik
Eaif (0K 124), DL FEIESCT TCR- B Jnf Btk AH [ 77 23k 153 TCR-a &4m4EH
T#EgEM (B 12B [ 12C M 13) o A T it a8/ B 3D IR v s 0
TRACAN 525 o /B TCR dwdE 7 &, BA= 4 — A WL $r 570 TCRa Bk B HBEN
LV, F HAEA] IDLV B IR 25 (AdV) SR A5 bk LA i oo ) 2 10 48 1) 21) TRBC B2 TRAC
(%) ZEN (] 14 7 T 52 %8 TCR GadR iR TR 2R AR R M RE S / 53 )

[0276]  CD3 (=) ZHM & T I —10 2 ZEN BIBAAA %07 A 1K), 3 B me B ) 1 67
SR 7 50 4 s AR IS NHEJ A B 2 JG AR AR/ N AN FNER R (indel) (B 13) o N T 34T
SEREM) TCR g, e PEHEUE A LE IDLV B85 20 i =5 TCR ZE R B2 AdV. 155678 A baCD3/
CD28 Wi I » 15 M RR AR IR 1) T 4l M 22 2 T~ TRAC-ZFN-Ad5/F35 1A 48 /N, SR 5 78 1L-7
A TL-15 OAFAE R R 3%, BLE R0 WT1- o BER) LVOWT1- a LV) Sk St ok 9 5 e
(%) CD3 (=) #tiff (49+29& “FIAME £ FriEimZRIH FZE, n = 3) .

[0277]  SR)5 33k BAT Frag ) CD3 AKX W 4H e, A baCD3/CD28 Hlld— AN & 1, A KSR s
F % T TRBC-ZFN-Ad5/F35. 45 JA A ZFN B 5e ™4 7 mitk 23 £4% [P AL CD3 () i, fi5
ANEAT WA AR VT 2 J B ZFN PRdE. 93k CD3 (<) i i, LA S WTITCR- B 8 LV % %
CD3 (-) 4iiffe (18 7% FIME + bRz FA%E,n = 3) . KRB WI1-B #ERFRIA
FRRAG R CD3 (R AL, ZFRIEIS TCR Z4m R4 ML - i WT1-TCRV B % A5 Lo 3 &
15 (B 14 fE 15) « SRR TCR &Rtk A ALk, TCR-a / B WirE 4 i m] 78
TCR 2[R ¥ 2 J i1k % v B 3 s S B LT 2610, JF B3 SI RIS E5 6 WT s 10, LR
BT 5 0K WL 51 TCR( S LI 15) .

[0278]  IXUL4hE RIRREEAL I TCR/CD3 HAWIAE TCR &4 %5 (M40 jg h (M R Rk 20 &
[ B2 DMEBEEA WIL Brifde g nyd 1% (B 14, Az i) o 8l Cel-1 447
KN TCR-a / B L4t RI4ife b i TCRa AT B BEMIWEY. 76 TCR LR8I TCRa /B £
S TR UK E 2 v AR I B R T 25 S, TR AN B R I T 2R R, | CD62L. CD27 . CD28 Fll
IL-Tr a [{EERIEFEIN . ST IAIE 58 4 G (1 9k B 20 i 11 Th B8 R [R F S544¢ s B2, ot
TCRa /B Z4m¥E M TCR Z55F2 (F¥bk LA L 4T 2 v B 8k

[0279] {EZ wiBR A =8 2 J5, 4% TCR-a / B 448 MR EL40 I AT TCR Z56 2 1tk 240
MgRie T 1) FASBIG I EE ) WT g6 15, HLA-A2 BRI A IR S0, B3 FASAH IS OV RIS Y
PP65.gs s0sHLA-A2 BRECHT T2 20 (S LK 16A, BTG M ) 3L 11) M WT1,5 501K
(50nM) Hhg (REAT'S ) BUF AR WT 16 a0/IK (50nM) Bl (LTS ) B AML B3 WGER

49




CN 105208866 A i BB 48/55 i

[ WT1HLA-A2" ( &] 16B i B €7 ) B HLA-A2 (Kt ) AL, B 16C 7t Hoh 5

PBMC FH/ESEARISRANEE B BT I5E A2 BA 1 B3I / IS L R BEAT I . 5 S PEBE

TE v b B R O FE RN R AEAE T 77 AR R BRE o gk 25 R RRON. SR A R B s % = p<0. 05,

*k = p<0. 01, **kkx = p<0. 001,

[0280]  SEjiafs] 9 VB AE 1) B SR T3 Br

[0281] ¥ B AAERLISH (In silico analysis) SRiH%] TRAC 4 5% ZFN A TRBC 4

St ZEN % fe A] BE R I AE IR BB BIAT &, T0AE Perez ZEN (A ) HFRERK . R4 —

Ak ZEN 0P A A SR AR X HR AL 220K 10 N s S TEC R A7 A, {EZ X 28 ZEN X # A]
BE )98 76 Bt ST 52 ZEN [R)2Y — SAR I BT B AR o A3 1R 19 B PTR80S A7 s T

?i@ 12 (TRAC) FI'FF 13 (TRBC) 1,

[0282] 3% 12 :TRAC ¢ 531k ZFN VB AE B 4L A7 k1

[0283]
TR | HER P RBEE S E O
OF T T3 IOSR36T & Ralgar
A
12 & 10525874 § HONT
Gy X (33000000 &
OT4 1% e T 8 TOCRSS
R 48500931 é ARCGRL
EivR g RN 3 .
\\\\\\\\\\\\\\\ (§ }fi‘\ﬁ‘m
O3 8 SRS T AR ARG TCRE i
O W aaaey H N
e 0 TORSASES 7 SHANKD
T 3 SIRTNEGL 3
(RECHD NOHET)
ST 3 AIBSARE | AsDmtaniiaoToraTa
T OGATITOCC R T
[0284]

50



CN 105208866 A i BB 49/55 7

(SEQ ) NOwe)

A

OTIR X TREIRIRG

Qi

Sk

TR

s
t

R S & PR RE S RGN

YR 5 IIRIOKES

TRAD T 4 1 joousery

GTOEAR (SED RO

[0285] £ 13 :TRBC K5t ZEN (138 71 i EE AL £,
[0286]

&
H
i
?"
i
i
Y
P2

%
et
Lccd

FIResnTAT

Cin R SEATRIGT TNy

i

% 8 DosasTaT | e T TOT ACATY 3
: CREDTTGE

2 2 TLIRE TS ALPEVIR
€18 1§ TR0IATY & «
3 3 15673008 & «

o e » \\M} n ' z

i3 1 FOTREREE 1 IAREHC M) TeleAGTE | x
GASTAGAATGGAIATT
(\t { 3 §i) \{ ¥ ’38\

88 17 THiseaas

ey

8 S 13 S & Shean

VIR0

b

IIHI0N | ACAXTOO AT T aAgAAY ER
PITAS Ee TOGGACATGR
BSEQ IR NN

[0287]
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88 % TR 7
D33 3 THETIN 3
T b 339763 8 STRY
X X TIEToRTS 3 XY
oRa X 13641318 § REL
TREE 5 FERE O 3 FTREE

[o288]  tnfE] 17 A 18 Frow, AHECT WA H ZFN RIE A T KB LR B0 A7 ik AR (I8
FHEET TRAC AT TRBC R BB ) , 78 © 4 F ZFN 4b 38 (¥ [l BE 67 f R AR h AN AEAE g6 . 1A

I, ST 5y WL TRAC %2 51t ZEN FII TRBC 45 Fe 1tk ZFN 5 T H Pt R bR

[0280]  sLJififs] 10 :TRAC %351 TALEN HI TRBC 4% 7 TALEN

[0290]  TRAC #5557 TALEN Fl TRBC #F 1 TALEN J&J A Eanse | L 45 8, 586, 526 Fif
BT H R A1 o Bl IER F A AH A TS RVD Bl ot Mok SEPRAY ( “TALE 4ahd” NI %}
N AHD SR CONN R G (NK &2 R ) NG X TR T) o TALEN %44 8 4F TALEN 451 TAL
XUSE DNA &5 G 1 “+637C— g (C ¥mlr ) b, i3 L5 8, 586, 526 Friidk (¥ Frillik
[¥) TALEN HJEEPRAEL AR AR s T T 58 14 o

[0291] 3K 14 :TRAC #¢ 571 TALEN Fi1 TRBC 45 5% TALEN

[0292]

XXRNRRANAN

TRACTERS

[0293]

[02904] i 5 7 K562 41 i rp ploxf #u ) TALEN 5 5 ¥l TRAC AT TRBC B th {4 S ARAZ 1 ()

RE 77, Mtk b SCAE L) 5 th AR Cel—-1 R DAY 4R R LTIra R

H AR PER, I H TALEN AT ZEN AT AR R EOH R Y B P TR . 2R 15 AR 16 7
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T AER Cel 1 INSERE I NHE J % J5 %6 B 6) TALEN FO4E B EL 3%
[0295] %% 15 :TRAC 551 TALEN Fl TRBC 45 5% TALEN 35 1
[0296]  16A-TRAC(NHEJ% )

[0297]

101511 (101512 (101513

101514 (3. 4 5.3 5.9

101515 (5.9 8.9 8.3

101516 (5.3 12.0 16. 4

[0208] 3 16 :TRBC(NHEJ % )
[0299]

101536 101537

101539 (8.5 0.0

101540 (9.9 9.6

101541 [15.0 9.9

[0300]  SEjfafs] 11 :NY-ESO-1TCR &AM T 44 i

[0301] T2 F NY-ESO-1#E5 P TCR VB 13 Fr B il (2 M., 441 Robbins 28 A (2011)

JClin Oncol,29(7) :917-924) , 7 H W I T-#E4k TCR FIRIE . R 1ZLI, WEEEIEE 2
BT kA, BLAC A CD3 R CD28 HAAILREBRRLEGE T ik 4. Bl 5 AR /L Kaneko 5%
A (Blood (2009), 113 (5) :4% 1006 51 ) HIfE Bondanza 25 A (Blood (2011), 117 (24) +4 6469
W) FRHREREI 75, E Sng/mL Y TL-7 A1 5ng/mL [ TL-15 FIAFAE N E5 3240 . Bl 5 A LA
= R — Rk AR AN <40 1 A NY-ESOL 75 M HLA-A2 PRI TCR a AN
TCR B % [1) 58 = A XA 1895 FE 804K (TCR-PGK-NYESO1LY) ( & Il Amendola & A (2005) Nat.

Biotechnol, 23 :108-116) #HATH S, L4 TCRAEEHE (I “ TRT 40 o 2H 2 76 LV 6 5 2 |y
FHAL & 45 5T TRAC 1 ZFN ( 2 WLELJiE 51 6, ZFN 25539 1 25540) 1 lifdps #5402, DA K B 5 1
P CD3 55 X 41 2 4T 931% » B S F TCR-PGK-NYESO1LV B4 %% 5 CD3 4i e, PAF=4

“oR R —YRAR K VB SE VA U A . 2H 3 E AR AL B I B TR ) TRAC ZFN % 25539/25540
() s B AL, SR G AR CD3 5 5 3E4T 0% . CD3 ZH B S 95 NY-ESO-1TCR a #E[¥) LV

BAREE T, DR S CD3 (5 5 T ik . 7ERXFME LT, CD3'4H iRt J5 A baCD3/CD28

ERALHIIEL, JF 2252 T8 TRBC ZFN X} 16787/16783 WIMRm &, S8 J5 I AAZAE CD3 R #%
KM . CD3 ZHMafE 5 F AL S NY-ESO-1TCR B B/ LV k%6 5, Kk, 41 3 %A AT

PIE R TCR 2 AR L T M —Hh 38 NY-ESO-1 45 5 TCR, IF HLAEFR A “& 52 A gt
B “CE” FHE.

[0302] A 40 fid %< D't 43 B 25 o o 3K = 4L 40 At 6k AR IR VB 13TCR Y 3k, Hodh Al Bt
NY-ESO-1 et VB 13, 1 BER P RAnic i a . RESH T 40 VR0, DL s mT 4%
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RN NAEEEE T HY T 40 M ORI 2 1 P35 65 (MFT) X BRI 2 1) MFT. 4258
FAERN A BN B R RIS (S0, B 194) .
[0303] AU T T 4HAREEANF MHC HLA-A2-NY-ESOldextramer %54 . MHC Dextramer
FH 455717 B AL (1) MHC F0 5 Y6 Gk o+ A e s 5 58 G EBEM . MHC Dextramer A
LG L) MHC 22 SR 45T B8 £ (1) MHC 43FRITE 2 (e ekl o I 38 a0t 5 e e T 4
SR 7IIF H3gsm Qe thnm i, TG K T 7 FRFE G R L. $ RGBT = (it
Immudex i — 52 ALPUE Dextramer® 54 ) KA T Yt FEARIE FACS Canto 1T Jisk
iM% (BD Biosciences 2v#] ) L, PLAH Flow Jo M (Tree star A#F] ) .
o RN SEERENTHA R A X NY-ESOldextramer f KIIZES 77 (S WK 19B) » & 19
W IR R N AT e GERIE (RPD) , BB R EFEATHA (2B 28— WmiEE 4%
AU T 40RO B PSR E (MPT) 5 AR S T 408 A W B (4 MFT 22 [8] )
bb., [ 3 N IMMART =% ses2h . 455 (K 190) o CE A B A & miE
5.
[0304] 554, A FACS 43 Hr 2R 4 Bl i 1t 3R bR, WIFE Cieri 28 A ((2013)Blood, 121 :
% 573-584 1) HHTR . AT BRI EEMN T 4IiRITI242 T (Tso) 4HRIREL, Fr
fiE A CDA5RA . CD62L I CD95 [rydL ik,
[0305]  TCR £ 4% %5 (¥ bk B2 40 Mo [0 48 5€ 4 4w 35 B 4R 29 B A W 38 77l & 19
NY-ESO1 157-165 ik £ # I, 78 y —IFN ELISpot | % (] fn, A & IFNy ELISPOT
Ready- SET-Go!®, eBioscience® ) v gt RV IR I RSE & F1. Frit Al i R s 41 Al
RS (UT) EEEREIN VLB — R T 40 (SE) , AR Z e 4niE i T 400 (CE) o 45
FonH T E 204, 3 H B IR TCR @584 9nth (CE) MIFRRIU BRI S84 /1. T2 40
A AS WG B0V B 1 NY-ESO-1  157-165 fik, BL3E In#ca Sk V5T Wilms U8R 1 (556
WT1, 26 13431‘ ( “T2-WT1 126 134”> °
[0306]  NY-ESO1 55 [H] T 40 | B & B NY-ESO1+. HLA-A2+ B BEE 4L 2 (U266) FEL, BL
BOAIE LR I R AR I NY-ESO1 Huli (R MR 4 fu i B8 77 1 S A U266 B3 MM1LS 4H i R AE
AR RBEAT v —IFN ELISpot ( 1 EFr& ) (S LKl 20B) , & BonAHEE T REE 309 T 41
JfL, NY-ESOL H5E [a] T 40 B A 0 AH ¢ HLA-A2+, NY-ESOL+ A =25 A 77, I LR
T35 MMLS ZHML 454 o AR BT MMLS (HLA-A2 AT NY-ESO1 ) ASHE S EE4H M 32 51
5, AW R AR VAT PR A VIR 96 LS IR TAR FOIG RORF T 4N M-S
AN AR (WMLS A1 U266) —#EIEH 5 /N, E BRI R S0 V4R bRiC. RN s
fEAEARYE LA A UK R 1100 X (CPIYSEIRVEME - PRGN ) / CEENEE - P
RIRVEE) o
[0307] 454 (&l 20C FHE] 20D) 7R AS[A] I BF AR Be 0% 51 S AH O SR 40 i U266 (1) 40 i ¥ fig
(& 200) , {H S ASREME 3% A ASAH S IR SR 2 i MM LS e (&) 20D) « & 5844 %E T 401 (CE)
T HH A AR Y Y B A R I B K R
[0308]  IAfE 3% IR SLIG HORT I NY-ESO1 B 58 (] T 41 f e 7 Hb %5 NY-ESO1" HLA-A2' i
FANEE ) (B 21) o FERXASERh, FERUNA) / BEAREE Y 1 o1 B, R 28 T 41 i
R U266 4Hfg 2 ( “A2+ESO+”) BUFE A I MMLS B & ( “A2-ESO-") 3% 4
Ko GHRLRE T M T 40 MRS Be % FELIE AH OC 1) HLA-A2+, NY-ESO1+ 20 R AE K. K
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21B 27N AE U266HLA-A2+ NY-ESO1+ SEARIAFAE N dmia ) T Ay 1 2 £%, mAEA K
A2-ESO- X BEIIAFAE N 29wt T 40 Ay .

[0309]  SEHEH 12 L8 T 40 A [F) ol S A e i P

[0310] A7 bbAE =N NY-ESO-1 52 ] T ZH ML FF A 110 [0 b S S B2V B, 7E S48 5 55 (1) R
b e Ad A1 JE] AL B AZ 40 e (PBMC) VR Gtk EX 40 i s B2 (MLR) w43 S P AR 3G 5% TCR &84 8 (i%
%) JTCR & 5—9w#E (SE) A1 TCR & 58 %% (CE) 1 T 4. & A& TTHEC K PBMC A1 mock
SR T AR (UT) FAEXTRE . 7EPANE BRI BB (S110 K, S27 K ) ZJa, 78 *'Cr Bl
Ay FHZE (v —IFN)Elispot 52wk I K% sz 4 i 5o I BAAH [ [R] A 55 4R B AR SR 151K PHA
il e E RN R YA

[0311]  [A]M), HI LA NY-ESO-1157-165 R HLA-A2+ 2858 5 48 Mo il i NY-ESO-1 H5g ] T
SR R . ZE TN A BRI (ST 10 K, S27 K ) 2 Ji, T 2R 40 ok A BAZH s B
PANY-ESO-1157-165 R (C) B R (D) 1Y HLA-A2+T2 41 L R I B

[0312]  ARMLIENXS F AR RN L S48, & 22 Fras, #6857 41 B x) s S5hR 1 40
H A A S5 25 T SE R CE T il ek S Y S0 bR I A v i/ E T (p = 0. 05) (& 224) . ik
Ab, v =IFN Elispot #filE 4 [FIF0 4R B 5642 T 40 AN & gn % T 42 7553 v —1FN
JTHAFAEG T [ 25 B 22 7, IX R AR B IR 2 FiFE TCR FIE TCR £ 4645 T 4t M 1) 48 e
R - RIEM ] EEESEL A TCR 7T S EUR S8 MM, 177 SE T CE T 20 i Wl 4 A 1k 28 s o 1k o
NY-ESO-1 HE g Al T 40fe (¥, SE M CE) [FIFEREME AL TA MR B0 4 (¥ 22D) P
RIS AR NY-ESO-1 H7 5 PRAR SRR T2 48/ (K] 220) .

[0313]  SCjEfs] 13 AP SL56

[0314] N T LLENY-BSO-1 & H—4%E (SE) (584 9mbE (CE) M TCREHERE (B8) T
YRR P A A, BRATT R E T T LR PRI/ USSR 5 2 R M ar BER (M)
U266 4H i & (HLA-A2+.NY-ESO~1+.hCD138+) , ¥R J& [A] £ WV BHC 5 5T 19 NSG /N R A T 41
RIS 2, AR5 0 Rl BF kSN 10X 10%4 U266 4Hie. 7655 3 K/ RS2 H Ik N v
LA (PBS (U266) , B 10 X 10°NY-ESO-1 %% T 41 e, SE T 40 CE T 4, B it
YAUCER PBMC, Y& VE At HE AR TTAD mock ¥ 5: T 400 (UT) o B4/ A% Z2 T 5 1)
FIASE U266 FRIAM WT1126-134 IEHY 10 X 10°ANE5E B T 408 (CEWTD) » R %D
3 UM/ SRR AR P TE 9 (GVHD) SR AR, F HLAE S5 70 K35 AT A0 3P R AE 1)
THOL N ALFE/NER . FH T4 U266 BN/ R 75 ZE R IR H), BT AFRATT 8 B APPSR AE 58 70 K
BRI RPN R . BT A /N SRR A2 GVHD PR Rl PEAS 1

[0315]  Z57RT 1 230 & 23A 7~ HHJE 3 ) 22 SR B0/ DN BR ) B BEEWACSR (1) A1 e 13047 41 e 5 6
BT IR A NS CD138+MM 41 E 4 b o 7EF NY-ESOL B 5E [4] T 4 Ab 3 /N R, 728
B B 7R AL SRR (PR E (SRR ) rP AR U B 5% B e, 3 S s NY-ESO1 5 [ 4 g 2
HIRNZ . MBS, AN PBS(U266) Tk CE WIIT 4Hfufi T /N AL g aEh B g n]
o U0 HH £ e 40

[0316]  {EARTEMS Br A 2% B # 0, AR /R Ak [E e, OpR (R / e e, JF HAE A
FLFESL hCD3 Fik At AL R ILHE R 88 0 R N B G 2 Ja , 1 T g 2 Sk 2 I
AT IAS JUATART AT BE A GvHD 35 PEARG 25 T g e etk /DB B BB R T 41
ML ANIE 24 U 5, DAL AE - GVHD BRTEGRT Be . 393 20 7E A 0 ( J2 hCD3+ 4l figiz N ) 2l
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3 CKEMP B hCD3+ 4HHB N ) VLN . A&, ERBLAZE CD3+T 4 iz N B3
MBS TCR 572 T 4 5 RElh i 3 Rt ( “#87) , R TFAEENE
PARVGHEC AR, PBMC ( “PBMC”) (94 R/NBHET 4 R EEEARE M E4E 6 R
ANERHRI 5 L CUT”) IR B N . A St 75 F NY-ESO-1SE B3 CE T 4 oAb 38 1) /)N
SR 25 B P R AT g s N (B 23B) .

[0317]  sEfitifsl 14 «fF ] mRNA HL %L TCR 4k

[0318] A. Bi— TCR 4wk

[0319]  JiH ik % BRI 15 5 1) mRNA L 28 FLBEAT 1Y TCR w2 a0 FvPh . &5 2, Ht
CD3/CD28 T Ik [ 40 & I ASS T Wk EL 40 B, I ELAE T K 5 T AS W s /D 751 & ) A o e
% mRNA HE4T HL %L, mRNA hddsE 5T TRAC JE KB TRBC A1) ZFN X o

[0320]  AbEEMS ZEN 5 3 (1) TCR BiZ (75 B 4k U & 76 I TRAC-ZFN &b3 (] 24A [ C
/NEL) FIA] TRBC-ZFN b3 (1] 24A HR A /NED) BIkEE i e b e 22 LS 5 REE 20 KA
CD3 FHPEL4H M T 43 bh o BAh, IEVRAs 778 AT TRAC-ZFN 4PNt (i i ( 1 248 (2 /NE)
W /£ F TRBC-ZFN AbZE 5 4 e ( B 24B B el /N &) A s BLRAEXTREA L (] 24B 194
/NED) IR A N AL IR AN B L B R RSN . S Ah, VA UG 5 18 R T 41 e
REFEM, T THOAZ M (TSCM) #% 52 A CDE2L+CD45RA+( 2 W, Gattinoni 2% A (2011)
Nat Med. ,17(10) :1290-7 ;BA % Cieri (2013)Blood, 121 (4) :573-84) ;T HAXICIZ (TCW) 4%
5E XA CD62L+CDA5RA- T R H 1842 (TEM) 4% 72 XA CD62L-CD45RA-, LA K iy 25087 Pl =+
(TEMRA) #% 52 XA CD62L-CD45RA+, UT : KA K4 A ;UTHE mmock HL % FLEH M ;GFP : 4w
B5 GFP (1) mRNA FLZF FLAS AL . 75 BT R A 1) mRNA &4k, F TRAC ZFN AbE (¥ 41 fa F1 A TRBC
ZPN B AR A A FESR T LRENESR (RTESHT) -

[0321]  B. TCR XU % %H

[0322]  FH#7T CD3/CD28 TR R 1 40 & ML A S T bk 40 B, I HLAE K 5 AR AL 5%
mRNA AT 4L 7] HL %7 FL, mRNA 4 TRAC %8 5714 ZEN X AT TRBC 45 7 Mk ZEN X, 1 Fridk
B, AT W LB AL A I LA TR (9 4 ey D3 BIPERE 4K TCR—a AT TCR- B 4 58 44 4
A E. W52, EHEFEILE 5 K, 25 %S o 30& B NY-ESO ¢ 5 TCR BRI
TEHER (458 LNGER BY GFP, 78 [ 25A rhoRE M2 ) BORUS sk (LV) 43kl
B2 CD3 [N, B o B0 B WIS BRI E AN M S54ME TCRe 80 B |
MBS CD3 K RIALHE FAMME 2. CD3 B SRR T 2 52 A gn 5 O 40 1) =
Bt e S el el 2 P b B — R R O AN R IO T o Lk SR . S AUR T IR 25A R, R 40%
()25 56 A SR 40 M BEARAE TCR— o JEERIAN TCR- B R PRI 2 b 2

[0323] 7 B AL 4 5 M 5 U5 — 54K FokT % (ELD Fil KKR) 3R 3 & 41711 AH B B & [71 V5 B
2% (RDD A1 DRR) FJ TRAC 4551 ZFN Al TRBC #5577 ZFN mRNA HE4T 3L [A] f 5 FLA CD3 [ 74
(CD3-) AHMLIE 4 bhe VEANMLIE 2 Lh gl v BRI 7R SR 228 Ab 1 7-AAD BHYEZN M ) &
aythe SbAh, L gmEE 4N BEAE CD3 [FPETR 4 v (1 4 A A B Bk 6 LV 0B JE N SRS 1 5
1. R NHAERE 258 H.

[0324] IOTEAIEIE S 18 KA LRTA TR IIRA ., T FiiZ400E (TSCM) #iE
XA CDB2L+CDA5RA+ (Z I Gattinoni ZE A (2011) [A] | sCieri %A (2013), [ F) T H4iX
1842 (TCM) #58 XA CD62L+CD45RA- 5T R 1Z (TEM) #% 58 SN CD62L-CDA5RA-, LA K iy
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RN (TEMRA) #5E XN CD62L-CD45RA+, UT R ALFEAG4HMI . 45 Ron T & 25C,

[0325] &M FH Fr i 7 /A& 1Y TRAC 7 5Pk ZFN mRNA i1 TRBC 45 57 1% ZFN mRNA - 7] HE %
FUET T 20 M () A T 2, AR K il 2 s th A8 2 [R] A 28 Lk 4R B T T is St 5 S A7
TERA N LS RACER Y (UT) X RSB Jy e dk aefe i i 3 (8] 25D) .

[0326]  ASCHE A HIFTA R LR HIE A R i 5| AR TN .

[0327]  HAR A TIEM T AR B 1 LB A 2561 U BH (1) 77 A S PR 1 7 AR 2
FEREE, AH 20 AR AT (R AR N SR Sk 1T B DL PR A A AN B8 AR 2 FF BCDRS b B3 S Bl ) 47
PR AT S R A RS . (R, b 3 3 RS2 e 497 A 2 A PR g PR
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