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REMOVAL OF ENDOGENOUS TCR CHAINS FOR
ENHANCED TCR-BASED IMMUNOTHERAPIES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of U.S. Provisional Application No. 63/521,471, filed

June 16, 2023, the contents of which are hereby incorporated by reference.

REFERENCE TO SEQUENCE LISTING
[0002] This application incorporates-by-reference nucleotide sequences which are present in
the file named “240611 92190-A-PCT_Sequence Listing AWG.xml”, which is 25,406 bytes in
size, and which was created on June 7, 2024 in the IBM-PC machine format, having an operating
system compatibility with MS-Windows, which is contained in the XML file filed June 11, 2024
as part of this application.

STATEMENT OF GOVERNMENTAL INTEREST
[0003] This invention was made with government support under DK 123559 and Al045897

awarded by the National Institutes of Health. The government has certain rights in the invention.

BACKGROUND

[0004] The disclosures of all publications, patents, patent application publications and books
referred to in this application are hereby incorporated by reference in their entirety into the subject
application to more fully describe the art to which the subject invention pertains.

[0005] TCR-based T cell therapy provides an alternative to chimeric antigen receptor (CAR)
T cell therapy, by targeting intracellular antigens through T cell receptors, allowing for a broader
range of cancer targets '>. TCR-based adoptive T cell therapy has become one of the most
promising approaches of cancer immunotherapy. However, obstacles to widespread T cell therapy
adoption include reliance on patient-specific T cells and significant variability among patients 7.
Especially in individuals with a history of chemotherapies and/or stem cell transplantation,
lymphopenic conditions may result in insufficient T cell numbers and impaired T cell functions *
"1 While allogeneic T cells overcome certain limitations of autologous patient-specific T cells,

they do not survive well in allogeneic recipients and can induce graft-versus-host disease (GvHD)
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due to the lack of tolerance to recipient peptide-MHC complexes. The latter challenge can be
addressed by genetically retargeting T cells through introduction of transgenic TCRs and
simultaneously knocking out the endogenous TCRs to mitigate the risk of GVHD. ' 13,

[0006] In contrast to CARs, TCRs have the capability to recognize antigens derived from both
extracellular and intracellular sources within the context of human leukocyte antigen (HLA) *.
This broadens the spectrum of available antigens and enhances tumor specificity by targeting neo-
antigens or proteins that promote oncogenesis 1°. Yet, the presence of endogenous TCR-a and -
chains in overall T cell populations impedes the correct expression of transgenic TCRs, due to
mixed TCR dimer formation and competition for binding to the CD3 signaling complex. % !7,
Mispaired TCR variants arising from the heterodimeric structure of transgenic and endogenous
receptors lead to reduced surface expression of the intended transgenic TCR and poses a safety
risk, as mispaired TCRs may cause off-target toxicities, such as autoimmunity '*'*. Moreover, the
TCR forms a complex with CD3 in the endoplasmic reticulum before surface expression 2.
Consequently, when an endogenous TCR is present, transgenic TCRs compete for association with
CD3 2122

[0007] Several methodologies bave been explored to overcome the 1ssue of TCR competition
and mispairing, including generation of affinity-enhanced TCRs *, engineering of mutations to
improve the pairing of transgenic TCRs “, and overexpression of CD3 components “1. However,
complete elimination of mispaiting and undisturbed expression of the transgenic TCR was only
achieved via the full knock cut of endogenous TCRs #%7. Legut et al. have shown that by targeting
TCR-P constant regions, it is possible to prevent the expression of endogenous TCRs . They
targeted the sequences in TCR-P constant regions that differed from corresponding sequences in
codon-optimized constructs encoding the transgenic TCR, therefore sparing those TCRs. This
method did not target TCR-a chain, and is not applicable for transgenic TCRs whose sequence is
not codon-optimized. Roth et al. used a different approach which relies on homologous
recombination to insert the new TCR construct within the constant region of TCR-a 2. In this
method, one of the endogenous TCR chains still remains untouched. Additionally, this approach
exhibits relatively lower transduction efficiency compared to lentiviral transduction. Moreover,
relying on a non-viral delivery system necessitates a sophisticated design to align the new sequence
with the remainiog parts of the endogenous TCR-g chain. This renders existing TCR vival vectors

unusable, demanding new desigans for all current TCR constructs.
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SUMMARY

[0008] Disclosed 13 a novel CRISPR-based method that successfully removes both
endogenons TCR-a and -f chains without affecting the transgenic TCRs, whether they are codon-
optimized or not. The positive 1mpact of endogenous TCR removal using a climeally relevant
transgenic TCR targeting the melanoma antigen recognized by T cells-1 (MART-1)! s shown. We
show that the simultanecus KO of both endogencus TCR-g and -} chains enhances celluiar
therapy, ultimately wmproviog performance in a preclinical in vivo mwodel for human metastatic
melanoma.
[0009] A method of treating a disease in a subject comprising administering an adoptive cell
therapy (ACT) to the subject, the ACT comprising delivering a modified lymphocyte comprising

a) amodified T cell receptor (TCR) or a chimeric antigen receptor (CAR);

b) at least one inactivated endogenous TCRa chain allele; and

c) at least one inactivated endogenous TCRJ chain allele;

thereby treating the disease of the subject.

[0010] A method of modifying a cell for adoptive cell therapy, the method comprising:
inactivating an endogenous TCRa chain allele and an endogenous TCRp chain allele
encoded by the cell, preferably by introducing at least one engineered nuclease to the cell,

thereby meodifying the cell for adoptive cell therapy.

[0011] A method for reducing the hikelihood of a graft versus host disease in a subject in need

of a TCK or CAR-T therapy for a pathology comprising administering to the subject a modified

iymphocyte comprising

a medified T cell receptor {TCR) or & chimeric antigen receptor {CARY,

at least one inactivated endogenous TCRa chan allele; and

at least ong inactivated endogenous TCRE chain aliele;

[0012] thereby treating the pathology in the subject and reducing the likelihood of a graft

versus host disease 1u the subject

[0013] A mammalian immune cell moditied by having a modified T cell receptor (TCR) or a

chitperic antigen receptor {CAR) at least one mactivated endogenous TCRa chain allele; and at

ieast one inactivated endogenous TCRE chamn alfele.

[0014] A cell modified according to a method disclosed herein for use in adoptive cell therapy.
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[0015] A pharmaceutical composition comprising a cell modified according to a method
disclosed herein.
[0016] A method for enhancing the modification of a cell comprising a therapeutic TCR for
an adoptive cell therapy, the method comprising:
inactivating an endogenous TCRa chain allele and an endogenous TCRp chain
allele encoded by the cell, preferably by introducing at least one engineered
nuclease to the cell,
thereby enhancing expression and/or formation of a therapeutic TCR modifying the cell
for adoptive cell therapy.
[0017] A method for enhancing the sensitivity of an adoptive cell therapy TCR to an antigen,
comprising modifying a cell expressing the adoptive cell therapy TCR by inactivating an
endogenous TCRa chain allele and an endogenous TCRf chain allele encoded by the cell,
preferably by introducing at least one engineered nuclease to the cell, thereby enhancing the
sensitivity of the adoptive cell therapy TCR to an antigen relative to an otherwise identical cell
expressing the adoptive cell therapy TCR but not modified to inactivate an endogenous TCRa

chain allele and an endogenous TCRJ chain allele encoded by the cell.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIGS. 1A-1D: Design of CRISPR strategy for removal of endogenous TCRs while
preserving the exogenous ones. (A) Schematic representation of CRISPR strategy for removal of
TCR-a and -f chains. The gRNAs target the TCR constant regions at the intron-exon boundaries.
(B) Surface expression of TCR in Jurkat cells electroporated with CRISPR-Cas9 with different
gRNAs. (C) CRISPR TCR KO strategy spares transgenic TCRs whether or not they are codon
optimized. (D) CRISPR KO works only in proliferating PBMCs.

[0019] FIGS. 2A-2E: CRISPR removal of endogenous TCRs in primary human T cells
enhances exogenous TCR expression and boosts the functionality of MART-1 TCR-transduced T
cells. (A) Optimization of timing and order of MART-1 TCR transduction and CRISPR removal
of endogenous TCR-o and TCR-B chains. Expression of MART-1 TCR (tetramer staining) and
reporter gene (GFP) was measured in different conditions of lentiviral transduction of MART-1
TCR with and without CRISPR-removal of endogenous TCRs: no lentiviral transduction (No V),
lentiviral transduction only (V), simultaneous CRISPR-removal of endogenous TCRs and
lentiviral transduction (C+V), and CRISPR followed by lentiviral transduction (C then V). (B) The
expression of GFP and MART-1 TCR in primary T cells is stable at day 7 and day 16 after
transduction. Compiled results from 3 independent experiments are shown as mean+SEM. One-
way ANOVA was used for statistical analysis. Statistically significant differences are shown with
* signs (* 0.01<p-value<0.05, **0.001<p-value<0.01, ***p-value<0.001). (C) Flow plots
representing antigen-specific activation of MART-1 TCR-transduced T cells, in V, C+V and C
then V groups, upon encountering MART-1 peptide presented on HLA-A2+ T2 cells (as evident
by CD69 surface upregulation). T2 target cells were loaded with different concentrations of
MART-1 peptide and co-cultured with transduced T cells for 24h. MART-1 TCR-transduced T
cells without endogenous TCRs showed higher levels of dose dependent T cell activation response
to T2 cells loaded with MART-1 peptide, as assessed by CD69 and IFNy expression (D) and by
CD69 and MART-1 tetramer double positivity (E).

[0020] FIGS. 3A-3C. MART-1 TCR-transduced T cells without endogenous TCRs show
enhanced activation and killing capability upon interaction with MART-1 peptide-expressing
autologous LCLs. (A) Overview of the generation of LCL cells engineered to express MART-1
peptide (H3) to use them as autologous stimulators for MART-1 TCR-transduced T cells. (B) In

vitro killing assay: MART-1 TCR-transduced T cells co-cultured with autologous LCL cells
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expressing MART-1 peptide (mCherry+) (n=3 replicates/group). Data are shown as mean+SEM.
One-way ANOVA was used for statistical analysis. Statistically significant differences are shown
with * signs (* 0.01<p-value<0.05, **0.001<p-value<0.01, ***p-value<0.001). (C) In vitro
activation of MART-1 TCR-transduced T cells with autologous LCL cells loaded with different
concentrations of MART-1 peptide. (V: virus, C. CRISPR)

[0021] FIGS. 4A-4E: Endogenous TCR KO MART-1 TCR transduced T cells exhibit
improved specific killing of HLA-A2+ MART-1 peptide (H3+)-expressing K562 tumor cells both
in vitro and in vivo. (A) HLA-A2+ T cell proliferation (Ki-67) and activation (HLA-DR and
CD25) after 48h of co-culture with K562 HLA-A2+ H3+, or K562 HLA-A2+ cells as negative
control. (B) 48h cytotoxicity of engineered T cells against a 1:1 mix of K562 HLA-A2+ and K562
HLA-A2+ H3+ (100K total targets). Killing at various effector:target ratios is shown. (C)
Overview of strategy for humanized xenograft tumor model. Human immune system NSG MHC
/I KO mice were intradermally implanted with K562 HLA-A2+ H3+ in their right flank and
K562 HLA-A2+ in their left flank. T cells were adoptively transferred after 3 days, and the tumor
growth was measured for several weeks. (D) Tumor growth curves of K562 HLA-A2+ H3+ and
K562 HLA-A2+ over time (n=4-9/group). Data are shown as mean+SEM. Two-way ANOVA was
used for statistical analysis. Statistically significant differences are shown with * signs (* 0.01<p-
value<0.05). (E) Characterization of infiltrating total and MART-1-specific T cells in the K562
HLA-A2+ H3+ and K562 HLA-A2+ tumoral grafts. Data are shown as mean+SEM. Paired T test
was used for statistical analysis. Statistically significant differences are shown with * signs (*
0.01<p-value<0.05). (V: virus, C: CRISPR).

[0022] FIGS. 5A-5D: Histological studies show that CRISPR removal of endogenous TCRs
increase immune infiltration only in HLA-A2+ MART-1 peptide (H3+)-expressing K562 tumors
in HIS mice. Representative histologic images (H&E staining) of K562 HLA-A2+ and K562 HLA-
A2+ H3+ tumors. (A) In mice that did not receive any T cells (No V), tumors with or without the
expression of MART-1 peptide are similarly devoid of immune cell infiltration. (B) In mice that
received transduced T cells (V), there is increased T cell infiltration in K562 HLA-A2+ H3+
tumors compared to the K562 HLA-A2+ control. (C) In C+V and (D) C then V, there is a markedly
increased T cell infiltration in K562 HLA-A2+ H3+ tumors compared to the K562 HLA-A2+

control (n=2-3 mice/group).



WO 2024/258835 PCT/US2024/033375

[0023] FIGS. 6A-6G: CRISPR removal of endogenous TCRs from TCR-transduced T cells
prevents GvVHD after adoptive transfer of these cells to HIS mice. (A) Schematic overview of the
experiment to assess GvHD in recipient HIS mice after adoptive transfer of MART-1 TCR-
transduced T cells with and without removal of endogenous TCRs. Mice that received C+V and C
then V lymphocytes had the (B) lowest GVHD score, (C) least weight loss, and (D) longest
survival. (E) Absolute number of CD3+ T cells per ul of peripheral blood of recipient mice at
weeks 2 and 4 after adoptive transfer of T cells. C+V and C then V groups had the least T cell
expansion. (F) Percentage of MART-1 TCR+ T cells in the peripheral blood of recipient mice at
weeks 2 and 4 after adoptive transfer of T cells. (G) Representative histological images (H&E
staining) of the lungs and the livers of mice that were adoptively transferred with T cells treated
under various conditions. In mice that received No V and V T cells, there is a prominent lymphoid
infiltrate which is lacking in mice given C+V or C then V T cells. (n=5-6/group) (V: virus, C:
CRISPR). Data in panels B and C were analyzed with the Two-way ANOVA test and shown as
mean+=SEM. Data in panels E and F were analyzed with the One-way ANOVA test. Log-rank
(Mantel-Cox) test was used to analyze the data in panel C survival curve. Statistically significant
differences are shown with * signs (* 0.01<p-value<0.05, **0.001<p-value<0.01, ***p-
value<0.001, ****p-value<0.0001).

[0024] FIGS. 7A-7D: TLA analysis of the integration sites shows widespread integration of
the MART-1 TCR transgene. (A) and (C) show genome-wide distributions and characterization of
the integration sites of virally introduced MART-1 TCR transgene in human primary T cells of
C+V and C then V groups, respectively. In MART-1 TCR-transduced T cells of C+V and C then
V groups, integration sites were equally distributed across all chromosomes. No integration sites
were found in the TRAC (red circle) or TRBC (green circle) loci. (B) In MART-1 TCR-transduced
T cells of C+V group, out of total 179 integration sites, 9 (5%) were found in gene exons, 124
(69%) in gene introns and 2 (1%) within 1 kb upstream the genes. (D) In MART-1 TCR-transduced
T cells of C then V group, out of total 204 integration sites, 10 (5%) were found in gene exons,
134 (66%) in gene introns and 1 (<1%) within 1 kb upstream the genes.

[0025] FIGS. 8A-8B: Comparing difterent strategies for combined TCR KO with TCR
transduction. (A) Both C then V and C+V had increased MART1 TCR transduction efficiency
compared to V only. Of note, V then C did not achieve good TCR transduction and was not studied

further. (B) Comparable cell counts are achieved between all groups except for V then C.
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[0026] FIG. 9: Efficiency of MART-1 peptide (H3) transduction in K562 cells.
[0027] FIG. 10: Correlation between K562 HLA-A2+ H3+ mCherry+ cells and MART1
tetramer+ CD8+ infiltrating T cells using in vivo HIS mice models (see Fig. 4E). As the frequency
of CD8+ MART-1+ T cells increase, the number of remaining K562 HLA-A2+ H3+ mCherry+
cells decrease.
[0028] FIG. 11: Quantification of tumor infiltrating lymphocytes in histologic images (H&E
staining) of K562 HLA-A2+ and K562 HLA-A2+ H3+ tumors treated under various conditions
(see Fig 5). In mice that did not receive any T cells (No V), tumors with or without the expression
of MART-1 peptide are similarly devoid of immune cell infiltration. (b) In mice that received
transduced C+V and C then V T cells, there is a markedly increased lymphocyte infiltration in
K562 HLA-A2+ H3+ tumors compared to the K562 HLA-A2+ control (n=2-3 mice/group).
DETAILED DESCRIPTION
[0029] A method of treating a disease in a subject comprising administering an adoptive cell
therapy (ACT) to the subject, the ACT comprising delivering a modified lymphocyte comprising
a modified T cell receptor (TCR) or a chimeric antigen receptor (CAR),
at least one inactivated endogenous TCRa chain allele; and
at least one inactivated endogenous TCRp chain allele;
thereby treating the disease of the subject.
[0030] A method for reducing the hkelihood of a graft versus host disease in a subject in need
of a TCR or CAR-T therapy for a pathology comprising administering to the subject a modified
fymphocyte comprising
a meditied T cell receptor {TCR) or a chimeric antigen receptor (CARY,
at teast one inactivated endogenous TCRa chain allele; and
at least ong inactivated endogenous TCRP chain allele;
therchy treating the pathology in the subject and reducing the likelihood of a graft versus host
disease in the subject.
[0031] In embodiments of the methods, the lymphocyte comprises a modified TCR, and the
modified TCR comprises a TCRa chain expressed from an exogenous nucleotide coding sequence
lacking introns and a TCRP chain expressed from an exogenous nucleotide coding sequence

lacking introns.
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[0032] In embodiments, each endogenous TCRa chain allele is inactivated in the modified
lymphocyte, preferably such that the inactivation knocks out each TCRa chain allele, preferably
such that an endogenous, full-length and/or functional TCRo chain is not expressed by the
modified lymphocyte.

[0033] In embodiments, each endogenous TCRp chain allele is inactivated in the modified
lymphocyte, preferably such that the inactivation knocks out each TCRp chain allele, preferably
such that an endogenous, full-length and/or functional TCRp chain is not expressed by the
modified lymphocyte.

[0034] In embodiments, the inactivated endogenous TCRa chain allele is a T Cell Receptor
Alpha Constant (TRAC) allele, preferably wherein each TRAC allele is inactivated in the modified
lymphocyte.

[0035] In embodiments, the inactivated endogenous TCRa chain allele is an inactivated
endogenous TRAC allele comprising genetic modification within 50 nucleotides of a TRAC
intron-exon boundary.

[0036] In embodiments, the TRAC intron-exon boundary is the boundary between (i) TRAC
intron 1 and exon 1, (ii) TRAC exon 1 and intron 2, (ii1)) TRAC intron 2 and exon 2, (iv) TRAC
exon 2 and intron 3, (v) TRAC intron 3 and exon 3, and/or (vi) TRAC exon 3 and intron 4,
preferably between TRAC intron 1 and exon 1 and/or between TRAC exon 1 and intron 2.

[0037] In embodiments, the inactivated endogenous TCRa chain allele comprises a genetic
modification to a sequence comprising CAGGGTTCTGGATATCTGT (SEQ ID NO: 3),
CTGCCCTTACCTGGGCT (SEQ ID NO: 4), CATCACAGGAACTTTCTAAA (SEQ ID NO: 5),
AGCTTTGAAACAGGTAAGAC (SEQ ID NO: 6), TTCGTATCTGTAAAACCAAG (SEQ ID
NO: 7), and/or TCAAGGCCCCTCACCTCAGC (SEQ ID NO: 8) located on a TRAC coding or
template strand.

[0038] In embodiments, the inactivated endogenous TCRP chain allele is a T Cell Receptor
Beta Constant 1 (TRBC1) allele or a T Cell Receptor Beta Constant 2 (TRBC2) allele, preferably
wherein each TRBCI allele and each TRBC2 allele is inactivated in the modified lymphocyte.
[0039] In embodiments, the inactivated endogenous TCRp chain allele is an inactivated
endogenous TRBC1 allele and/or an inactivated endogenous TRBC2 allele comprising a genetic
modification within 50 nucleotides of a TRBCI intron-exon boundary and/or a TRBC2 intron-

exon boundary.
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[0040] In embodiments, the TRBC1 intron-exon boundary is the boundary between TRBC1
exon 1 and intron 2, and/or wherein the TRBC2 intron-exon boundary is the boundary between
TRBC2 exon 1 and intron 2.

[0041] In embodiments, the inactivated endogenous TCRp chain allele comprises a genetic
modification to a sequence comprising CCTGGGGTAGAGCAGGTGAG (SEQ ID NO: 1) and/or
CCACTCACCTGCTCTACCCC (SEQ ID NO: 2) located on a TRBC1 coding or template strand
and/or a TRBC2 coding or template strand.

[0042] In embodiments, the modified T cell receptor is encoded by a codon-optimized
nucleotide sequence or a non-codon-optimized nucleotide sequence.

[0043] In embodiments, a portion of the inactivated endogenous TCRa chain allele and/or
inactivated endogenous TCRp chain allele is excised, and/or comprises at least two genetic
modifications.

[0044] In embodiments, the modified TCR is a transgenic TCR and/or an exogenously
introduced TCR.

[0045] In embodiments, the modified TCR is exogenously introduced into the lymphocyte by
transduction of a viral vector, preferably a lentiviral vector, or by delivery of a naked DNA
molecule.

[0046] In embodiments, the modified TCR is expressed from an exogenous nucleotide
sequence integrated into a genomic site at random, in an intron, a safe-harbor site, the inactivated
TCRo. chain allele, or the inactivated TCRp chain allele.

[0047] In embodiments, the modified lymphocyte comprises a CAR and further comprises at
least one inactivated endogenous Class I HLA allele and at least one inactivated endogenous Class
II HLA allele, preferably wherein all endogenous Class I and Class II HLA alleles are inactivated,
preferably wherein the method further comprises introducing additional agents which inhibit the
activity or presence of natural killer (NK) cells.

[0048] In embodiments, the lymphocyteis a T cell, a primary T cell, cytotoxic T cell, T helper
cell, regulatory T cell, innate-like T cell (iT), natural killer T cell (NKT), y6 T cell, a stem-cell
derived T cell, or a iPSc-derived T cell.

[0049] In embodiments, the modified lymphocyte is an autologous cell, a lymphocyte isolated
from the subject prior to modification of the lymphocyte, or more preferably an allogenic cell, or

a lymphocyte isolated from a donor other than the subject prior to modification of the lymphocyte.
10
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[0050] In embodiments, the ACT is an autologous ACT or more preferably an allogenic ACT.
[0051] In embodiments, the disease is a cancer, autoimmune disease, or an infectious disease.
In embodiments, the disease is a cancer. In embodiments, the cancer is a large B-cell lymphoma,
a B-cell non-Hodgkin lymphoma, acute lymphoblastic leukemia, mantle cell lymphoma, follicular
lymphoma, or a multiple myeloma. In embodiments, the cancer is a solid tumor. In embodiments,
the cancer is a melanoma or sarcoma.

[0052] In embodiments, the modified lymphocyte is infused into or injected into the subject.
[0053] In embodiments, the modified TCR or CAR binds a tumor antigen or a tumor
neoantigen.

[0054] In embodiments, the modified lymphocyte further comprises an inducible suicide gene.
[0055] A method of modifying a cell for adoptive cell therapy, the method comprising:
[0056] inactivating an endogenous TCRa chain allele and an endogenous TCRP chain allele
encoded by the cell, preferably by introducing at least one engineered nuclease to the cell,

[0057] thereby modifying the cell for adoptive cell therapy.

[0058] In embodiments, each endogenous TCRa chain allele is inactivated in the modified
cell, preferably such that the inactivating knocks out each TCRa chain allele, preferably such that
an endogenous, full-length and/or functional TCRa. chain is not expressed by the cell.

[0059] In embodiments, each endogenous TCRp chain allele is inactivated in the modified
cell, preferably such that the inactivating knocks out each TCR chain allele, preferably such that
an endogenous, full-length and/or functional TCRp chain is not expressed by the cell.

[0060] In embodiments, the inactivated endogenous TCRa chain allele is a T Cell Receptor
Alpha Constant (TRAC) allele, preferably wherein each TRAC allele is inactivated in the modified
cell.

[0061] In embodiments, the endogenous TCRa chain allele is inactivated by introducing a
genetic modification within 50 nucleotides of a TRAC intron-exon boundary.

[0062] In embodiments, the TRAC intron-exon boundary is the boundary between (i) TRAC
intron 1 and exon 1, (ii)) TRAC exon 1 and intron 2, (iii) TRAC intron 2 and exon 2, (iv) TRAC
exon 2 and intron 3, (v) TRAC intron 3 and exon 3, and/or (vi) TRAC exon 3 and intron 4,
preferably between TRAC intron 1 and exon 1 and/or between TRAC exon 1 and intron 2.

[0063] In embodiments, the inactivated endogenous TCRa chain allele comprises a genetic

modification to a sequence comprising CAGGGTTCTGGATATCTGT (SEQ ID NO: 3),
11
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CTGCCCTTACCTGGGCT (SEQ ID NO: 4), CATCACAGGAACTTTCTAAA (SEQ ID NO: 5),
AGCTTTGAAACAGGTAAGAC (SEQ ID NO: 6), TTCGTATCTGTAAAACCAAG (SEQ ID
NO: 7), and/or TCAAGGCCCCTCACCTCAGC (SEQ ID NO: 8) located on a TRAC coding or
template strand.

[0064] In embodiments, the inactivated endogenous TCRp chain allele is a T Cell Receptor
Beta Constant 1 (TRBC1) allele or a T Cell Receptor Beta Constant 2 (TRBC2) allele, preferably
wherein each TRBC1 allele and each TRBC2 allele is inactivated in the modified cell.

[0065] In embodiments, the inactivated endogenous TCRp chain allele is inactivated by
introducing a genetic modification within 50 nucleotides of a TRBC1 intron-exon boundary and/or
a TRBC2 intron-exon boundary.

[0066] In embodiments, the TRBC1 intron-exon boundary is the boundary between TRBC1
exon 1 and intron 2, and/or wherein the TRBC2 intron-exon boundary is the boundary between
TRBC2 exon 1 and intron 2.

[0067] In embodiments, the inactivated endogenous TCRp chain allele comprises a genetic
modification to a sequence comprising CCTGGGGTAGAGCAGGTGAG (SEQ ID NO: 1) and/or
CCACTCACCTGCTCTACCCC (SEQ ID NO: 2) located on a TRBC1 coding or template strand
and/or a TRBC2 coding or template strand.

[0068] In embodiments, the endogenous TCRa chain allele is inactivated by

delivery of a first TCRo-targeting engineered nuclease which binds and affects a first DNA break
in the endogenous TCRa chain allele, preferably wherein the first TCRo-targeting engineered
nuclease is a CRISPR nuclease complex, a zinc-finger nuclease, or a meganuclease; and

delivery of a second TCRa-targeting engineered nuclease which binds and affects a second DNA
break in the endogenous TCRo chain allele, preferably wherein the second TCRo-targeting
engineered nuclease is a CRISPR nuclease complex, a zinc-finger nuclease, or a meganuclease.
[0069] In embodiments, the first TCRa-targeting engineered nuclease is a CRISPR nuclease
ribonucleoprotein (RNP) complex comprising a guide RNA molecule which comprises a guide
sequence comprising CAGGGTTCTGGATATCTGT (SEQ ID NO: 3), and

wherein the second TCRa-targeting engineered nuclease is a CRISPR nuclease ribonucleoprotein
(RNP) complex comprising a guide RNA molecule which comprises a guide sequence comprising
CTGCCCTTACCTGGGCT (SEQ ID NO: 4).

[0070] In embodiments, the endogenous TCRP chain allele is inactivated by
12
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delivery of a first TCRB-targeting engineered nuclease which binds and affects a first DNA break
in the endogenous TCRp chain allele, preferably wherein the first TCRpB-targeting engineered
nuclease is a CRISPR nuclease complex, a zinc-finger nuclease, or a meganuclease; and

delivery of a second TCRp-targeting engineered nuclease which binds and affects a second DNA
break in the endogenous TCRp chain allele, preferably wherein the second TCRp-targeting
engineered nuclease is a CRISPR nuclease complex, a zinc-finger nuclease, or a meganuclease.
[0071] In embodiments, the first TCRB-targeting engineered nuclease is a CRISPR nuclease
ribonucleoprotein (RNP) complex comprising a guide RNA molecule which comprises a guide
sequence comprising CCTGGGGTAGAGCAGGTGAG (SEQ ID NO: 1), and

wherein the second TCR-targeting engineered nuclease is a CRISPR nuclease ribonucleoprotein
(RNP) complex comprising a guide RNA molecule which comprises a guide sequence comprising
CCACTCACCTGCTCTACCCC (SEQ ID NO: 2).

[0072] In embodiments, a portion of the inactivated endogenous TCRa chain allele and/or
inactivated endogenous TCRP chain allele is excised, and/or comprises at least two genetic
modifications.

[0073] In embodiments, method further comprising modifying the cell to express a modified
T cell receptor (TCR) or a chimeric antigen receptor (CAR).

[0074] In embodiments, the cell is modified to express a modified T cell receptor (TCR), and
wherein the modified TCR is a transgenic TCR and/or an exogenously introduced TCR.

[0075] In embodiments, the cell is modified to express a modified T cell receptor (TCR), and
wherein the modified TCR is exogenously introduced to the cell by transduction of a viral vector,
preferably a lentiviral vector, or by delivery of a naked DNA molecule.

[0076] In embodiments, the cell is modified to express a modified T cell receptor (TCR), and
wherein the modified TCR is exogenously introduced to the cell by transduction of a viral vector
at substantially the same time as the at least one engineered nuclease, preferably wherein
simultaneous electroporation of the viral vector and the at least one engineered nuclease is
performed.

[0077] In embodiments, the cell is modified to express a modified T cell receptor (TCR), and
wherein the modified TCR is expressed from an exogenous nucleotide sequence integrated into a
genomic site at random, in an intron, a safe-harbor site, the inactivated TCRa chain allele, or the

inactivated TCRp chain allele.
13
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[0078] In embodiments, the cell is modified to express a modified T cell receptor (TCR), and
wherein the modified T cell receptor is encoded by a codon-optimized nucleotide sequence or a
non-codon-optimized nucleotide sequence.

[0079] In embodiments, the cell is modified to express a modified T cell receptor (TCR), and
the modified TCR comprises a TCRa chain expressed from an exogenous nucleotide coding
sequence lacking introns, and a TCRp chain expressed from an exogenous nucleotide coding
sequence lacking introns.

[0080] In embodiments, the modified cell comprises a CAR and further comprises at least one
inactivated endogenous Class I HLA allele and at least one inactivated endogenous Class I HLA
allele, preferably wherein all endogenous Class I and Class IT HLA alleles are inactivated.

[0081] In embodiments, the methods further comprise isolating the cell from a subject or a
donor.

[0082] In embodiments, the cell is isolated from peripheral blood mononuclear cells (PBMCs),
preferably stimulated PMBCs, optionally wherein the stimulation is performed by exposing the
PMBCs to any one of CD3, CD28, and/or CD2 antibodies, preferably wherein the stimulation
occurs for about a 48-hour period prior to inactivating an endogenous TCRa chain allele and an
endogenous TCRp chain allele encoded by the cell.

[0083] In embodiments, the cell is a lymphocyte, T cell, primary T cell, cytotoxic T cell, T
helper cell, regulatory T cell, innate-like T cell (iT), natural killer T cell (NKT), y8 T cell, a stem-
cell derived T cell, or a iPSc-derived T cell.

[0084] In embodiments, the modified cell is an autologous cell, a cell isolated from a subject
who will receive the adoptive cell therapy, more preferably an allogenic cell, or a cell isolated from
a donor other than a subject who will receive the adoptive cell therapy.

[0085] In embodiments, the adoptive cell therapy is an autologous adoptive cell therapy or
more preferably an allogenic adoptive cell therapy.

[0086] In embodiments, the modified TCR or CAR binds a tumor antigen or a tumor
neoantigen.

[0087] In embodiments, the modified cell further comprises an inducible suicide gene.

[0088] A mammalian immune cell modified by having a modified T cell receptor (TCR}Yor a

chimeric antigen receptor {CAR); at least one inactivaied endogenous TCRa chain allele; and at
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fzast one inactivated endogenous TURP chain allele. In embodiments, the cell has been modified
by a method deseribed herein.
[0089] A cell modified according to a method disclosed herein for use in adoptive cell therapy.
In embodiments, the cell modified is a modified lymphocyte.
[0090] In embodiments, the cell modified is a modified T cell, primary T cell, cytotoxic T cell,
T helper cell, regulatory T cell, innate-like T cell (iT), natural killer T cell (NKT), v T cell, a
stem-cell derived T cell, or iPSc-derived T cell.
[0091] A pharmaceutical composition comprising a cell modified according to a method
disclosed herein. In embodiments, the pharmaceutical composition comprises a pharmaceutically
acceptable carrier. In embodiments, the pharmaceutical composition comprises a buffered saline.
In embodiments, the pharmaceutical composition is cryopreserved.
[0092] A method for enhancing the modification of a cell comprising a therapeutic TCR for
an adoptive cell therapy, the method comprising:
inactivating an endogenous TCRa chain allele and an endogenous TCRf chain
allele encoded by the cell, preferably by introducing at least one engineered
nuclease to the cell,
thereby enhancing expression of a therapeutic TCR modifying the cell for adoptive cell
therapy.
[0093] A method for enhancing the sensitivity of an adoptive cell therapy TCR to an antigen,
comprising modifying a cell expressing the adoptive cell therapy TCR by inactivating an
endogenous TCRa chain allele and an endogenous TCRp chain allele encoded by the cell,
preferably by introducing at least one engineered nuclease to the cell, thereby enhancing the
sensitivity of the adoptive cell therapy TCR to an antigen relative to an otherwise identical cell
expressing the adoptive cell therapy TCR but not modified to inactivate an endogenous TCRa
chain allele and an endogenous TCRp chain allele encoded by the cell.
[0094] In embodiments of the disclosures herein, the cell is a TCR-expressing cell. In
embodiments, the cell is a mammalian immune system cell.
[0095] Exemplary embodiments of a TCRa chain amino acid sequence, e.g., a T Cell Receptor
Alpha Constant (TRAC) amino acid sequence, are provided by UniProtKB/Swiss-Prot Accession
No. P01848.2 and SEQ ID NO: 14, as well as related isoforms and variants thereof. Exemplary
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embodiments of nucleic acid sequences which encode a TCRa chain protein include a T cell
receptor alpha constant (TRAC) gene (e.g., NCBI Gene ID: 28755) or the coding sequence within
SEQ ID NO: 13 (NC 000014.9:22547506-22552132 Homo sapiens chromosome 14,
GRCh38.p14 Primary Assembly), as well as related isoforms or variants thereof.

[0096] In some embodiments, a TRAC allele is inactivated by generating a genetic
modification within 50 nucleotides of a TRAC intron-exon boundary. An intron-exon boundary as
used herein refers to a boundary between an upstream intron and a downstream exon or between
an upstream exon and a downstream intron.

[0097] Furthermore, intron 1 of TRAC as used herein is considered to be upstream of the first
TRAC exon (i.e, exon 1), as depicted in Fig. 1A. In an exemplary embodiment, intron 1 of
TRAC ends immediately upstream of the start of NC 000014.9:22547506-22552132 Homo
sapiens chromosome 14, GRCh38.p14 Primary Assembly or the start of TRAC exon 1.

[0098] Exemplary embodiments of a TCRp chain amino acid sequence, e.g., a T Cell Receptor
Beta Constant 1 (TRBC1) amino acid sequence, are provided by UniProtKB/Swiss-Prot Accession
No. P01850.4, NCBI GenPept Accession No. AAA60661.1, and SEQ ID NO: 16, as well as related
isoforms and variants thereof. Exemplary embodiments of nucleic acid sequences which encode a
TCRp chain protein include a T Cell Receptor Beta Constant 1 (TRBC1) gene (e.g., NCBI Gene
ID: 28639) or the coding sequence within SEQ ID NO: 15 (NC_000007.14:142791694-142793141
Homo sapiens chromosome 7, GRCh38.p14 Primary Assembly), as well as related isoforms or
variants thereof.

[0099] In some embodiments, a TRBCI1 allele is inactivated by generating a genetic
modification within 50 nucleotides of a TRBC1 intron-exon boundary. An intron-exon boundary
as used herein refers to a boundary between an upstream intron and a downstream exon or between
an upstream exon and a downstream intron.

[00100] Furthermore, intron 1 of TRBC1 as used herein is considered to be upstream of the first
TRBC1 exon (i.e., exon 1), as depicted in Fig. 1A. In an exemplary embodiment, intron 1 of
TRBC1 ends immediately upstream of the start of NC_000007.14:142791694-142793141 Homo
sapiens chromosome 7, GRCh38.p14 Primary Assembly or the start of TRBC1 exon 1.

[00101] Additional exemplary embodiments of a TCRp chain amino acid sequence, e.g., a T
Cell Receptor Beta Constant 2 (TRBC2) amino acid sequence, are provided by UniProtKB/Swiss-

Prot Accession No. AOA5B9.2, NCBI GenPept Accession No. AAA60662.1, and SEQ ID NO:
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18, as well as related isoforms and variants thereof. Exemplary embodiments of nucleic acid
sequences which encode a TCRp chain protein include a T Cell Receptor Beta Constant 2 (TRBC2)
gene (e.g., NCBI Gene ID: 28638) or the coding sequence within SEQ ID NO: 17
(NC_000007.14:142801041-142802529 Homo sapiens chromosome 7, GRCh38.pl4 Primary
Assembly), as well as related isoforms or variants thereof.

[00102] In some embodiments, a TRBC2 allele is inactivated by generating a genetic
modification within 50 nucleotides of a TRBC2 intron-exon boundary. An intron-exon boundary
as used herein refers to a boundary between an upstream intron and a downstream exon or between
an upstream exon and a downstream intron.

[00103] Furthermore, intron 1 of TRBC?2 as used herein is considered to be upstream of the first
TRBC2 exon (i.e.,, exon 1), as depicted in Fig. 1A. In an exemplary embodiment, intron 1 of
TRBC2 ends immediately upstream of the start of NC_000007.14:142801041-142802529 Homo
sapiens chromosome 7, GRCh38.p14 Primary Assembly or the start of TRBC2 exon 1.

[00104] “And/or” as used herein, for example, with option A and/or option B, encompasses the
separate embodiments of (i) option A, (ii) option B, and (ii1) option A plus option B.

[00105] All combinations of the various elements described herein are within the scope of the
invention unless otherwise indicated herein or otherwise clearly contradicted by context.

[00106] Definitions: The terms used in this specification generally have their ordinary meanings
in the art, within the context of this invention and the specific context where each term is used.
Certain terms are discussed below, or elsewhere in the specification, to provide additional guidance
to the practitioner in describing the methods of the invention and how to use them. Moreover, it
will be appreciated that the same thing can be said in more than one way. Consequently, alternative
language and synonyms may be used for any one or more of the terms discussed herein, nor is any
special significance to be placed upon whether or not a term is elaborated or discussed herein.
Synonyms for certain terms are provided. A recital of one or more synonyms does not exclude the
use of the other synonyms. The use of examples anywhere in the specification, including examples
of any terms discussed herein, is illustrative only, and in no way limits the scope and meaning of
the invention or any exemplified term. Likewise, the invention is not limited to its preferred
embodiments.

[00107] The term “subject” as used in this application means a mammal. Mammals include

canines, felines, rodents, bovine, equines, porcines, ovines, and primates including humans. Thus,
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the invention can be used in human medicine or also in veterinary medicine, e.g., to treat
companion animals, farm animals, laboratory animals in zoological parks, and animals in the wild.
The invention is particularly desirable for human medical applications. In a preferred embodiment
the subject is a human.

[00108] The terms “treat”, “treatment” of a disease or condition, and the like refer to slowing
down, relieving, ameliorating or alleviating at least one of the symptoms of the disease.

[00109] The term “about” or “approximately” means within an acceptable error range for the
particular value as determined by one of ordinary skill in the art, which will depend in part on how
the value is measured or determined, i.e., the limitations of the measurement system, i.e., the
degree of precision required for a particular purpose, such as a pharmaceutical formulation. For
example, “about” can mean within 1 or more than 1 standard deviations, per the practice in the art.
Alternatively, “about” can mean a range of up to 20%, preferably up to 10%, more preferably up
to 5%, and more preferably still up to 1% of a given value. Alternatively, particularly with respect
to biological systems or processes, the term can mean within an order of magnitude, preferably
within 5-fold, and more preferably within 2-fold, of a value. Where particular values are described
in the application and claims, unless otherwise stated, the term “about” meaning within an

acceptable error range for the particular value should be assumed.

RESULTS

[00110] Design and validation of CRISPR strategy for exclusive removal of endogenous TCRs.
To achieve the knockout (KO) of the endogenous TCR without affecting our transgenic TCRs,
whether they are codon-optimized or not, we designed guide RNAs (gRNAs) to target the intron-
exon boundaries in the constant regions of both TCR-a and -B chains. Since the transgenic TCR
constructs do not contain introns, our gRNAs specifically target the endogenous TCR chains.
Several gRNAs that targeted the TCR-a constant region (TRAC), and the TCR-3 constant regions
1 and 2 (TRBC 1 and 2) were screened (Figure 1A). Our design of gRNAs targeting TRBC focused
on sequences shared between TRBC1 and TRBC2, with the goal of knocking out TCRs containing
either of these constant regions. The Cas9 ribonucleoprotein (RNP) complex containing different

combinations of gRNAs was delivered via electroporation into Jurkat cell line. Four gRNAs were
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selected based on their gene disruption efficiency (2 for the TCR-f and 2 for the TCR-a). The
combination of 2 gRNAs for each constant region removed the endogenous TCR-o and - with a
higher efficiency compared with a single gRNA targeting each chain in Jurkat cells. The
combination of the 4 guide RNAs targeting both chains led to the highest level of TCR removal
(more than %95) (Figure 1B).

[00111] To ensure that the gRNAs do not target transgenic TCRs, we tested our strategy on
Jurkat, JRT3-T3.5 (TCRB—/-) cells that were previously transduced with two different exogenous
TCRs, one codon optimized (1E6) and the other not codon optimized (Clone 5). The gRNAs did
not affect the expression of the either codon-optimized or the non-optimized transgenic TCR
(Figure 1C). These results demonstrate that our CRISPR approach can be used in combination
with existing TCR viral vectors.

[00112] Primary T cells in an unstimulated state are at rest, leading to the lack of active
transcription for many genes. It has been shown that Cas9 binding is influenced by DNA
packaging, with actively transcribed genes being more efficiently edited compared to non-actively
transcribed genes, where DNA is packaged in heterochromatin 29. For the editing of primary
human T cells, we initiated the process by activating peripheral blood mononuclear cells (PBMCs)
using ImmunoCult containing anti CD3/CD28/CD2 antibodies from STEMCELL Technologies
for a 48-hour period. Subsequently, electroporation was conducted using ribonucleoprotein (RNP)
complexes comprising recombinant Cas9 loaded with a mixture of our four guide RNAs (gRNAs)
specific for TRAC and TRBC. Targeting both the a and 8 chains resulted in a notably high TCR
knockout rate in stimulated cells, as evidenced by flow cytometry analysis (Figure 1D left). Not
surprisingly, the activation of T cells before gene manipulation was essential to achieve a high
efficiency of CRISPR/Cas9 gene editing with the same set of gRNAs (Figure 1D right).

[00113] CRISPR removal of endogenous TCRs in primary human T cells enhances exogenous
TCR expression. To optimize the timing and sequence of CRISPR-mediated removal of
endogenous TCRs and lentiviral delivery of a transgenic TCR, we chose a MART-1 antigen-
specific TCR. MART-1 is a clinically significant antigen widely overexpressed in melanomas. 30.
A codon-optimized TCR that recognizes the MART-1 antigen in the context of HLA-A2 was
employed. We assessed whether introducing the MART-1 transgenic TCR before, simultaneously
with, or after CRISPR-mediated removal of endogenous TCRs would enhance transduction

efficiency and transgenic TCR expression. While lentiviral transduction followed by CRISPR
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(with a 1-day difference) did not enhance transduction efficiency compared to treatment without
CRISPR-removal of endogenous TCRs (V only), these cells (V then C) exhibited significant cell
death and delayed expansion (Figure 8). Nevertheless, the other two conditions, namely the
simultaneous electroporation of the CRISPR RNP complex and TCR lentivirus (C+V group) and
the CRISPR-mediated removal of endogenous TCRs followed by lentiviral transduction (C then
V), demonstrated markedly enhanced transduction efticiency compared to the V group (Figure 2A
and Figure 8).

[00114] Current methods for transgenic TCR transduction involve coating culture plates with
retronectin and centrifuging viral vectors for several hours to bring viral particles close to T cells.
In contrast, the C+V approach eliminates the need for this reagent, and the entire process takes
place in the same electroporation session, offering a faster, simpler, and more effective alternative.
Our approach to removing endogenous TCRs (both C+V and C then V groups) led to a sustained
expression of the transgenic TCR over time (from day 7 to 16 of ex vivo expansion) (Figure 2B).
This indicates that TCR-negative T cells (non-transduced T cells that lost their endogenous TCRs)
expanded at similar rates to transduced T cells in response to homeostatic cytokines added to the
culture (IL-2, IL-7, and IL-15), even in the absence of continuous TCR signaling following the
initial TCR activation (Figure 2B).

[00115] In various experiments, the ratio of MART-1 tetramer-positive to tetramer-negative
cells within the transduced T cells (GFP+) ranged from 0.5 to 2 in the V group, indicating that a
significant proportion of transduced human T cells did not express the intended transgenic TCR.
These tetramer-negative GFP+ cells may include T cells with novel specificities, where
endogenous and exogenous TCR chains could form pairs. In contrast, in the C+V and C then V
conditions, where endogenous TCRs were removed, this ratio ranged from 4 to 10 in various
experiments, underscoring the crucial role of endogenous TCR removal in mitigating the potential
development of autoreactive TCRs with new specificities.

[00116] TCR-transduced T cells without endogenous TCRs show improved activation upon
recognizing their target p. MHC. To assess activation in response to target antigens, MART-1 TCR-
transduced T cells from the V, C+V, and C then V groups were co-cultured with HLA-A2+ T2
cells as antigen-presenting cells (APCs) loaded with varying concentrations of MART-1 peptide.
The human-derived lymphoid cell line T2 lacks TAP gene expression and is incapable of

presenting endogenous peptides *'. After 24 hours of co-culture, the expression of CD69 and IFN-
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y increased significantly in a dose-dependent manner across all three TCR transduction conditions.
Notably, this increase in activation markers was substantially greater in the C+V and C then V
groups, where endogenous T cells were removed, compared to the V group (Figure 2C, D and E).
These data correlate with the increased frequency of MART-1 tetramer positive cells in the C+V
and C then V groups (Figure 2A).

[00117] Eliminating endogenous TCRs in TCR-transduced T cells enhances their ability to kill
autologous tumor cells expressing their cognate antigens. To establish an autologous model
involving T cells and target cells, PBMCs were collected from a healthy HLA-A2+ donor. From
this sample, CD19+ B cells were magnetically sorted, and the sorted B cells were then transformed
with EBV viral particles to create a B-lymphoblastoid cell line (LCL). The remaining PBMCs
from this donor were cryopreserved in multiple aliquots for subsequent in vitro and in vivo studies.
A portion of LCL cells were transduced with a lentiviral vector containing the MART-1 peptide
(H3-transduced LCLs). Due to low transduction efficiency (ranging from 3-18% in different
attempts under varying conditions), H3-transduced LCL cells were sorted using fluorescence-
activated cell sorting (FACS) based on the reporter gene (mCherry) present in the H3 vector. These
sorted cells were then expanded for downstream assays (Figure 3A). Despite FACS sorting, the
purity of H3-transduced LCL cells (mCherry+) remained approximately 50-60%, and gradually
decreased over time.

[00118] A vial of frozen PBMCs from the same HL A-A2+ donor was thawed around two weeks
before the co-culture experiments, activated with ImmunoCult for 48 hours, and transduced with
a lentiviral vector carrying MART-1 TCR in different conditions with and without removal of
endogenous TCRs. To measure the impact of removal of endogenous TCRs on killing capacity of
TCR-transduced T cells, we co-cultured MART-1 transduced T cells of different groups (V only,
C+V and C then V), in addition to non-transduced T cells (No V) with H3-transduced LCL cells,
as the target cells. After a 48-hour co-culture, we assessed the proportion of mCherry reporter+
cells among total B cells. Notably, T cells from both the C+V and C then V groups demonstrated
the highest levels of antigen-specific killing. Particularly, the C+V group exhibited significantly
superior killing activity compared to both the untransduced T cells (No V) and V group
counterparts (Figure 3B).

[00119] The autologous MART-1 transduction model was limited by both the suboptimal

transduction efficiency of LCLs and the progressive decline in MART-1 peptide transgene
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expression. As an alternative, we also evaluated our engineered T cells against autologous L.CLs
loaded with varying concentrations of MART-1 peptide. In line with our earlier observations, we
noted enhanced T cell proliferation (Ki-67) and activation (CD69 and CD25) in the C+V and C
then V groups, where endogenous TCRs were removed, particularly at higher peptide
concentrations (Figure 3C).

[00120] HLA-A2+ K562 cells expressing MART-1 peptide proved to assess MART-1 TCR-
transduced T cells in vitro. Due to the challenges associated with transduction efficiency and
transgene longevity in LCL cells, we explored an alternative tumor model that avoids inducing
alloreactions in T cells and has the capacity to present cognate antigens to TCR-transduced T cells.
To address this purpose, we utilized the erythroleukemia cell line K562, which lacks HLA class |
and II expression on its cell surface *, and therefore does not induce an allogeneic response in
donor T cells. To confirm the ability of these cells to present MART-1 peptide to the HLA-A2-
restricted MART-1 TCR, we utilized a K562 cell line that had been stably transduced with the
HLA-A*0201 gene. Subsequently, we lentivirally engineered these cells to express MART-1
peptide (H3+) (Figure 9). As T cells from HLA-A2+ donors are tolerant to self HLAs, they are
expected to exhibit tolerance to HLA-A2 molecules expressed on K562 cells.

[00121] Similar to the prior experiments, we employed lentiviral transduction to introduce the
MART-1 TCR into human T cells from an HLA-A2+ donor, with and without the removal of
endogenous TCRs (No V, V, C+V, and C then V). Following a 48-hour co-culture, only MART-
1 peptidet (H3+) HLA-A2+ K562 cells induced T cell activation, evidenced by increased Ki-67,
HLA-DR, and CD25 expression in MART-1 TCR-transduced T cells. Although T cells in the V
group showed some level of activation, the C+V and C then V groups exhibited the highest levels
of activation (Figure 4A), affirming antigen dependence. Lack of activation of No V T cells (no
MART-1 TCR) confirmed that endogenous TCRs did not react to the K562 cells. This experiment
underscores the superior antigen-specific activation of TCR-transduced T cells lacking
endogenous TCRs.

[00122] To test the specific killing of MART-1 peptidet K562 cells by MART-1 TCR-
transduced T cells, we employed a 1:1 mixture of HLA-A2+ K562 cells with and without
transgenic MART-1 peptide (H3+ and H3-), as target cells. Following a 48-hour co-culture, only
T cells carrying the transgenic MART-1 TCR were able to eliminate the H3+ cells but spared the

H3- controls (Figure 4B), with the C+V and C then V groups displaying the highest level of killing.
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Notably, these cells efficiently eliminated H3+ tumor cells in an effector cell dose-dependent
manner.

[00123] Removal of endogenous TCRs enhances in vivo tumor-killing capability of TCR-
transduced T cells. We further analyzed the transgenic T cell functionality in a human immune
system (HIS) xenograft tumor mouse model, using NSG-MHC I/II KO mutant mice. This mouse
strain combines the features of the nonobese diabetic severe immunodeficient y chain knockout
(NSG) mice with the MHC class I and I molecule deficiency, exhibiting a significant delay in the
onset of GVHD after adoptive transfer of human PBMCs **. These mice underwent thymectomy,
received sublethal irradiation (1Gy), and were injected with HLA-A2+ fetal liver CD34+ cells to
allow reconstitution with human antigen-presenting cells (APCs) without T cells (Figure 4C).
Approximately 10 weeks later, when the mice were adequately reconstituted with human APCs,
we subcutaneously implanted H3+ HLLA-A2+ K562 cells in their right flank and H3- HLA-A2+
K562 cells in their left flank. Three days later, the mice received an intravenous injection of either
1 million T cells treated with different conditions (No V, V, C+V and C then V using an HLA-
A2+ donor PBMC) or PBS as control (Figure 4C). Adoptive transfer of MART-1 TCR-transduced
T cells in the C+V and C then V groups significantly suppressed the growth of H3+ HLA-A2+
K562 cells compared to transfer of untransduced T cells from the same origin (No V group).
Significant tumor suppression was only observed in the groups receiving transduced T cells with
endogenous TCR knockout, as the V group showed no suppression of H3+ tumor growth. Thus,
removal of endogenous TCR markedly enhanced anti-tumor effects in vivo. Notably, there was no
inhibition of the growth of H3- HLA-A2+ K562 tumors, indicating the antigen-specific nature of
tumor killing in the H3+ group (Figure 4D).

[00124] Endpoint tumor examinations revealed a preferential infiltration of CD8+ T cells into
H3+ HLA-A2+ K562 masses across all three groups receiving MART-1 TCR-transduced T cells
(V, C+V, and C then V). However, a robust infiltration of tetramer+ MART-1 reactive-CDS cells
in H3+ tumors occurred only in the C+V and C then V groups, where the endogenous TCRs were
removed (statistically significant in the C+V group) (Figure 4E). H&E staining of explanted
tumors confirmed increased lymphocyte infiltration in H3+ HLA-A2+ K562 tumors of MART-1
TCR-transduced T cell groups, particularly in the C+V and C then V groups (Figure 5).

[00125] CRISPR removal of endogenous TCR in HIS mice prevents GVHD. To assess whether

the elimination of endogenous TCRs mitigated off-target reactivity of TCR-transduced T cells
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against recipient tissues, we infused NSG mice with C+V, C then V, V, or untransduced T cells.
These mice had undergone prior thymectomy and immune reconstitution with fetal liver CD34+
cells, ensuring the presence of human APCs while lacking T cells (Figure 6A). Among the mice
receiving untransduced T cells (No V group), five out of six developed lethal graft-versus-host
disease (GvHD) within 46 days of adoptive transfer. All six mice infused with V transduced T
cells similarly died due to GvHD. In contrast, none of the mice receiving C+V cells experienced
death, and only one recipient receiving the C then V T cells died within the 46-day follow-up,
likely unrelated to GvHD (Figure 6D). Clinical signs of GvHD and significant body weight loss
were observed in most mice injected with V or No V T cells, accompanied by characteristic GvHD
histopathological findings such as mononuclear cell infiltration in the liver and lung, and bronchial
luminal narrowing. No such pathologies were evident in the C+V and C then V groups (Figure 6B,
C, and G).

[00126] Peripheral blood immune cell evaluation at weeks 2 and 4 after adoptive transfer
revealed a marked expansion of T cells from week 2 to 4 only in the No V and V groups, in which
endogenous TCRs were present (Figure 6E). This suggests that the reactivity of endogenous TCRs
against mouse antigens primarily drives the expansion of these graft-versus-host (GvH)-reactive
T cells, while antigen-specific T cells do not significantly expand. Although the proportion of
tetramer+ MART-1-reactive T cells in the V group decreased from week 2 to week 4, the
proportion of these cells increased over time in the C+V and C then V groups (Figure 6F),
confirming the lack of expansion of (GvH)-reactive T cells.

[00127] Despite the presence of double-strand DNA breaks with CRISPR, lentivirally
transduced transgenic TCRs still exhibit random integration. CRISPR-mediated double-stranded
DNA breaks (DSBs) at TRAC and TRBC loci may potentially favor preferential transgene
integration into these DSB regions due to DSBs being known to “capture” exogenous DNA %37,
We hypothesized that this could lead to differences in transgene integration profiles in engineered
T cells of C+V versus C then V groups. We used Targeted Locus Amplification (TLA) sequencing
to determine the precise location of the MART-1 TCR transgene in the human genome, and the
surrounding genomic context. Two primer sets targeting the RRE or GFP regions of the transgene,
respectively, were designed for the TLA sequencing (Table 3). Genomic DNA extracted from
viable frozen T cells of the C then V and C+V groups were processed for sequencing following

the Cergentis protocol *. Reads of genomic DNA fragments were mapped to a reference human
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genome (GRCh38/hg38) and aligned subsequently. Sequence alignment revealed that no large
coverage peaks were seen on the genome for either the analyzed samples, providing no evidence
of an integration site that occurs more frequently than other sites. No breakpoints were observed
in the TRAC locus (chr14:22,547,506-22,552,156) or in the TRBC gene locus (chr7:142,299,011-
142,813,287), ruling out the possibility of preferential transgene insertion at DSBs (Figure 7A and
7C). A total of 179 and 204 integration sites were detected in the C then V and C+V samples
respectively. Five sequence variants were identified in both samples, indicating they most likely
were present in the sequence of the virus before transduction. The integration sites were identified
across all chromosomes in intergenic regions, introns and exons, as shown in Figure 7. Out of a
total of 179 integration sites in the C then V sample, 9 (5%) were found in gene exons, 124 (69%)
in gene introns and 2 (1%) within 1 kb upstream the genes (Figure 7B). Out of a total of 204
integration sites in the C+V sample, 10 (5%) were found in gene exons, 134 (66%) in gene introns
and 1 (<1%) within 1 kb upstream the genes (Figure 7D). These findings suggest that CRISPR-
induced DSBs at TRAC and TRBC loci do not elevate the likelihood of transgenic TCR integration
at these sites. The majority of integration sites are located within introns, potentially having no
direct impact on gene expression. However, given that approximately 5% of integrations occur in
exon regions, there exists a possibility that certain oncogenes or tumor suppressor genes may be
influenced by lentiviral integration, potentially leading to the development of oncogenic T cells
expressing transgenic TCRs.

[00128] Table 1: Sequence of guide RNAs targeting TRAC and TRBC intron/exon boundaries

as indicated in Figure 1A.

TCR gene Guide Sequence

TRBCI+TRBC2 | 1 CCTGGGGTAGAGCAGGTGAG (SEQ ID NO: 1)
TRBCI+TRBC2 | 2 CCACTCACCTGCTCTACCCC (SEQ ID NO: 2)
TRAC 1 CAGGGTTCTGGATATCTGT (SEQ ID NO: 3)
TRAC 2 CTGCCCTTACCTGGGCT (SEQ ID NO: 4)
TRAC 3 CATCACAGGAACTTTCTAAA (SEQ ID NO: 5)
TRAC 4 AGCTTTGAAACAGGTAAGAC (SEQ ID NO: 6)

25



WO 2024/258835 PCT/US2024/033375
TRAC 5 TTCGTATCTGTAAAACCAAG (SEQ ID NO: 7)
TRAC 6 TCAAGGCCCCTCACCTCAGC (SEQ ID NO: 8)

[00129] Table 2: List of flow cytometry antibodies used in the study.

Marker Fluorophore Clone and Vendor

CD8 APC-Cy7 SK1, BD Pharmingen
CD4 AF700 OKT4, Tonbo

CD3 BV650 UCHT1, BD Pharmingen
CD45 AF660 HI30, BioLegend
CD69 BV650 FN50, BioLegend
CD25 BV711 M-A251, BioLegend
CD19 BV510 HIB19, BioLegend
IFN-y APC 4S B3, BioLegend
TCRaf PE 1P26, BioLegend

Ki-67 APC Ki-67, BioLegend
HLA-DR BV605 G46-6, BD Pharmingen
MART-1 tetramer PE MBL

[00130] Table 3: Sets of primers used to perform TLA.

Primer Sequence

RRE Rv TTCACTTCTCCAATTGTCCC (SEQ ID NO: 9)
RRE Fw TGGCTGTGGAAAGATACCTA (SEQ ID NO: 10)
GFP Rv GTCATCCTCGAAGAAGATGG (SEQ ID NO: 11)
GFP Fw TGTACATCATGACCGACAAG (SEQ ID NO: 12)

[00131] Discussion
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[00132] Adoptive transfer of genetically engineered T cells has emerged as a promising and
revolutionary form of cancer immunotherapy. This strategy leverages the power of the immune
system to specifically target and destroy tumor cells, offering hope for more effective and
personalized cancer treatment % *’. Genetic retargeting of T cells can be accomplished using two
main methods: transduction with a CAR or with a TCR designed for a specific antigen. While
CAR-based therapy has demonstrated remarkable success in CDI19-positive hematological
malignancies %, it is limited to targeting surface-expressed molecules. In contrast, the utilization
of specific TCRs enables the targeting of intracellular tumor antigens, a crucial aspect, especially
in the treatment of solid tumors **

[00133] Utilizing a transgenic TCR in primary T cells encounters challenges due to the existing
endogenous TCRs within these cells. The TCR forms a ternary complex with CD3 for surface
expression; hence, in the presence of an endogenous TCR, transgenic TCRs must compete for CD3
association 2!, Additionally, exogenous TCR chains may form heterodimers with their endogenous
partner chains. This phenomenon, known as TCR mispairing, not only impedes adequate surface
expression of the transgenic TCR but also gives rise to receptors with unpredictable specificities,
potentially leading to hazardous autoreactivity '°.

[00134] While toxicity due to TCR mispairing has not been observed in clinical trials, murine
experiments have reported its potential to induce severe GvHD-like pathology '®. Hence, there is
a significant emphasis on devising methods to eliminate endogenous TCRs for the production of
TCR-transduced T cells. These approaches, in combination with the engineering of other genes,
could also enable the secure utilization of third-party or allogeneic T cell donors to create off-the-
shelf T cell products that do not trigger GVHD in recipients, applicable to both CAR and TCR
engineering. *. Several methodologies have been explored to optimize the expression of

therapeutic TCRs and reduce mispairing, such as overexpression of CD3 components 2!,

41, 42 43, 44

murinization of human TCRs , inclusion of additional cysteine residues , codon
optimization ** and knockdown of the endogenous TCR. Gene editing techniques like Zinc-finger
nucleases (ZFNs) and Transcription activator-like effector nucleases (TALENS) initially paved the
way for silencing endogenous TCR expression, leading to the creation of antigen-specific T cells
4647 CRISPR is an alternative which unlike its predecessors relies on gRNA sequences rather than

protein/DNA attachment.
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[00135] In this study, our objective was to enhance the functionality of engineered T cells
during TCR gene transfer by concurrently knocking out the endogenous TCR while introducing a
desired TCR via viral transfer. To achieve this goal, we utilized the CRISPR/Cas9 strategy and
designed gRNAs to target the intron-exon boundaries in the constant regions of both TCR-a and -
B chains. Our results demonstrated that this approach not only enhances the expression of the
therapeutic TCR being inserted, but also significantly improves antigen sensitivity. T cells
transduced using this system exhibited superior reactivity to target cells both in vitro and in vivo
compared to T cells expressing both endogenous and transgenic TCRs.

[00136] To compare the function of TCR-transduced T cells with and without the removal of
endogenous TCRs, we had to establish autologous models, lacking alloreactivity of endogenous
TCRs against tumor cells. Initially, we used LCLs derived from an HLA-A2+ donor and
subsequently incorporated MART-1 peptide via transduction. Autologous T cells from the same
donor were then engineered with MART-1 TCR. This approach enabled a direct comparison of
the activity between MART-1 TCR-transduced T cells with and without the removal of
endogenous TCRs. Although suitable for in vitro functionality assessments, the limited
transduction efficiency of LCLs, coupled with the gradual decline in transgenic peptide expression
within these cells, constrained their utility for testing the killing capacity of TCR-transduced T
cells in vivo.

[00137] As an alternative approach, we utilized the K562 tumor cell line, which lacks
expression of class I and II HLAs. These HLA-deficient K562 cells were transduced with HLA-
A2 and engineered to express MART-1 peptide. Unlike LCLs, K562 cells were notably more
amenable to stable transduction with exogenous peptide. We verified that endogenous TCRs from
an HL A-A2+ donor did not elicit a reaction against the HLA-A2+ K562 cells, rendering this model
suitable for evaluating the efficacy of exogenous TCRs. By implanting HLA-A2+ MART-1
peptidet+ K562 cells and administering TCR-transduced T cells into HIS mice containing HLA-
A2+ APCs but lacking T cells, we demonstrated that TCR-transduced T cells, in which
endogenous TCRs are eliminated, outperform those retaining endogenous TCRs in terms of tumor
eradication and infiltration of antigen-specific T cells into the tumor site. The TCR-modified
lymphocytes remained in circulation for at least four weeks post-infusion and sustained high levels
of expression of the tumor-specific TCR. This indicates the potential for long-term stability of

these cells in vivo.
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[00138] Significantly, in our HIS mouse model, we observed no signs of GvHD following the
infusion of TCR-transduced T cells from which endogenous TCRs were removed. Conversely,
infusion of TCR-transduced T cells retaining endogenous TCRs led to lethal GvHD in all recipient
mice. Moreover, cells edited for both TCR-a and - displayed notably diminished activity against
nonspecific targets compared to unedited T cells, underscoring the importance of preventing the
formation of mispaired TCRs and suggesting that such modifications mitigate the risk of
autoimmune diseases. The efficient platform described in this study may be extended to off-the-
shelf applications involving simultaneous multiple genetic ablations associated with HLA VII
expression, including B-2 microglobulin (B2M) and class II major histocompatibility complex
transactivator (CIITA) genes. This approach holds promises for generating universal off-the-shelf
TCR-specific T cells with minimal risks of GvHD and T cell graft rejection %!,

[00139] The broad adoption of gene-editing technology for immunotherapy appears imminent,
highlighted by the recent success of off-the-shelf allogeneic CAR19 T cells in inducing remission
of B-cell acute lymphoblastic leukemia ** >, In essence, it is probable that TCR knockout will
yield clinically beneficial T cells devoid of the risks associated with TCR mispairing, showcasing
enhanced potency and sensitivity compared to current trial products.

[00140] While lentiviruses are known to integrate randomly into the genome, the risk of
insertional mutagenesis varies among different cell types, particularly hematopoietic stem cells
and T cells. Studies have shown that integrated lentiviruses are notably more abundant in
transcriptionally active regions >* > leading to the perception of lentiviral engineering of T cells
as a safe approach, resulting in FDA approval for multiple lentivirus-based CAR T cell products.
However, recent research has highlighted potential risks of insertional mutagenesis in T cells 6%,
We tested if a double-strand DNA cut induced by CRISPR during lentiviral transduction would
promote the insertion of an external TCR gene into the cut sites (endogenous TCR). Nonetheless,
although lentiviral integration sites were dispersed across all chromosomes without bias toward
the cut sites, we did not observe any preferential integration at the cut sites in the group of
transgenic T cells where lentiviral transduction and CRISPR were simultaneously introduced
(C+V group), compared to the group where lentiviral transduction followed CRISPR. These
findings indicate that the integration mechanisms of lentiviruses remain unaffected by the double-
strand DNA cut introduced by CRISPR.

[00141] Methods
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[00142] Lentiviral vector production

[00143] A second-generation lentiviral system was employed to produce viral supernatants.
Plasmids (pHR-EFla_IRES GFP SIN backbone) containing MART-1 TCR®, Clone 5 TCR®
and 1E6 TCR®* | in addition to the MART-1 peptide (H3)** were introduced into HEK293T cells
using lipofectamine transfection (Lipofectamine 2000, Thermo Fisher). The resulting VSV-G
pseudotyped viral supernatants were concentrated by ultracentrifugation and stored at -80°C until
needed.

[00144] Cell lines and primary cultures

[00145] K-562 cells transduced with HLA-A2 were kindly provided by Dr. James Riley,
University of Pennsylvania, Philadelphia. T2 cell line was purchased from ATCC and cultured
according to manufacturer’s recommendations. To obtain B and T cells for the experiments, 8
anonymous human donor PBMCs were obtained from the New York Blood Center. PBMCs were
isolated by histopaque (Sigma Aldrich) density centrifugation.

[00146] The B lymphoblastoid cell line (LCL) was generated by Epstein-Barr virus (EBV)
infection of MACS-sorted B cells from the HLA-A2+ PBMC followed by culturing and passaging
the cells for 3 months .

[00147] The remaining PBMCs were frozen in multiple aliquots for later isolation and
transduction of HLA-A2+ primary T cells autologous to the LCLs. On day O of each experiment,
an aliquot of PBMCs were stimulated with 25 uL/mL of ImmunoCult™ Human CD3/CD28/CD2
T Cell Activator (StemCell Technologies) in X Vivo 15 media (Lonza) supplemented with 10%
human serum (Gemini Bio-Products) and the following cytokines: 100 IU/mL IL2, 10 ng/mL IL7,
and 10 ng/mL IL15.

[00148] Cell transduction

[00149] Flat-bottom 96-well plates were precoated with retronectin (25 pg/mL, Clontech) for 1
hour at 37°C. Lentiviruses at an MOI of 10-20 were added to the coated wells, followed by
centrifugation at 1500g for 90 minutes at 32°C. Subsequently, primary human T cells were added
to the wells, followed by another centrifugation at 500g for 10 minutes at 32°C. The cells were
then incubated overnight in a CO2 incubator. The following day, the wells were washed, and new
medium containing the cytokines IL-2, IL-7, and IL-15 was added. Additionally, irradiated
allogeneic PBMCs and LCLs plus PHA were added to the wells to expand the transduced cells.
[00150] CRISPR mediated TCR removal
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[00151] TCR knockout (KO) T cells were generated by electroporating Cas9 ribonucleoproteins
(RNPs) on day 2 post-activation, either simultaneously with MART-1 TCR lentivirus (in the C+V
group) or alone (in the C then V group). CRISPR RNA (crRNA) sequences were synthesized by
Integrated DNA Technologies, Inc., (IDT). Equimolar ratios of crRNA and tractRNA were heated
at 95°C for 5 minutes to form guide RNA (gRNA). After cooling to room temperature, Cas9 (IDT)
was combined with gRNA at an equimolar ratio for 20 minutes at room temperature. The RNP
was mixed with Resuspension Buffer R (Thermo Fisher) to a volume of 10 pl and used to
resuspend 2x10°-3x10° T cells per electroporation reaction; 2 ul of electroporation enhancer (IDT)
was then added. Cells were electroporated using the Neon Transfection System under the
following parameters: 1600 V voltage, 10 ms width, and 3 pulses.

[00152] Human fetal tissues

[00153] All human fetal tissues (gestational age 17-21 weeks) were obtained from Advanced
Bioscience Resources (Alameda, CA). Fetal liver was prepared as previously described 66.
Briefly, single cell suspensions were generated from fetal livers by Liberase digestion (Sigma-
Aldrich). CD34+ cells were isolated using positive selection by magnetic-activated cell sorting
(MACS) with anti-human CD34+ microbeads according to the manufacturer’s instructions
(Milteny1 Biotec).

[00154] Mouse studies

[00155] Male and female NSG (NOD.Cg-Prkdescid 12rgtm 1Wjl/SzJ) and NSG-MHC V1T
DKO  (NOD.Cg-Prkdcscid H2-K 1tm1Bpe H2-Ablem IMvw H2-D 1tm1Bpe I12rgtm 1Wjl/SzJ)
mice aged 6-7 weeks were purchased from Jackson Laboratory and/or bred in-house. The animals
were housed in a pathogen-free microisolator environment. All mouse procedures were conducted
in accordance with approved protocols from the Institutional Animal Care and Use Committee
(IACUC) at Columbia University Medical Center. Mice were surgically thymectomized as
described ¢7 and allowed to recover for at least two weeks. Mice were then irradiated with 1 Gy
total body irradiation (TBI) by an X-Ray irradiator (RS-2000, Rad Source Technologies, Inc.) and
transplanted with 1.5-2 x 10° CD34+ fetal liver cells intravenously. For the K562 HLA-A2+ tumor
model, 7- to 10-week-old NSG-MHC I/Il DKO mice were subcutaneously injected with 1 x 10°
tumoral cells suspended in 100 pl of Matrigel (Corning). T cells generated under different
conditions were injected intravenously on day 3 following tumor inoculation. For the GvHD study,

7- to 10-week-old NSG mice were injected with T cells via the tail vein. In both studies, T cells
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were administered at a dose of 2 x 10° cells per mouse. Mice in the tumor and GvHD experiments
were monitored by measuring tumor size and assessing GvHD score, respectively. Additionally,
at certain time points, mice were bled, and immune cells in the blood were characterized by flow
cytometry.

[00156] Histological Analysis

[00157] Mice were sacrificed and tissues were harvested and fixed in 4% formaldehyde for 24-
48 hrs. Paraffin embedded sections were cut into 5 uM sections and stained with hematoxylin and
eosin (H&E) as described ®®. Images were obtained on Leica SCN 400 (Leica Microsystems,
Wetzlar, German) whole slide scanning platform.

[00158] Multi-color flow cytometry analyses

[00159] Samples were treated with mouse and human Fc¢ block (BD Biosciences) along with
surface markers of fluorochrome-conjugated antibodies of various combinations. For intracellular
staining, cells were permeabilized using the eBioscience™ Foxp3 / Transcription Factor Staining
Buffer Set (ThermoFisher Scientific) and then stained with fluorochrome-conjugated antibodies
(see Table 2) of various combinations.

[00160] For processing blood samples, 50 ul of blood per mouse was collected, and red blood
cells (RBCs) were lysed in ACK lysis buffer. Following antibody staining, 1 ul of counting beads
(123ecount eBeads Counting Beads, ThermoFisher Scientific) was added to each sample to allow
quantification of blood cell subsets. Flow cytometry samples were analyzed using either Fortessa
(BD Biosciences, Mountain View, CA) or Aurora (Cytek Biosciences, Fremont, CA) instruments.
Data analyses were performed using FlowJo software (Tree Star, San Carlos, CA).

[00161] Targeted Locus Amplification

[00162] Targeted locus amplification (TLA) technology uses the physical proximity of
nucleotides within a locus of interest to generate a map of original sequences and corresponding
inserted transgenes®®. The cells were frozen and shipped to Cergentis (Utrecht, Netherlands). TLA
was then performed as described previously®® ®. Briefly, DNA was crosslinked, fragmented, re-
ligated, and de-crosslinked. This product served as the TLA template, which was subsequently
fragmented, circularized, and amplified with inverse primers complementary to a short locus-
specific sequence. Once the complete locus was amplified, ~2 kb segments were sheared. Libraries
were prepared for sequencing on an Illumina platform. Two sets of primers (see Table 3) targeting

the transgenic RRE or GFP sequences were used in individual TLA amplifications
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[00163] Statistical Analysis
[00164] Analyses were conducted in Graphpad Prism 8.0 or 9.0 (GraphPad Software). Statistics
were conducted by Student’s T tests or ANOVA and p values < 0.05 were considered significant.

Data are presented using mean+SEM.
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CLAIMS

What is claimed is:

I

A method of treating a disease in a subject comprising administering an adoptive cell
therapy (ACT) to the subject, the ACT comprising delivering a modified lymphocyte
comprising

1) a modified T cell receptor (TCR) or a chimeric antigen receptor (CAR);

i1) at least one inactivated endogenous TCRa chain allele; and

ii) at least one inactivated endogenous TCRJ chain allele;

thereby treating the disease of the subject.

The method of claim 1, wherein the lymphocyte comprises a modified TCR, and the
modified TCR comprises a TCRa chain expressed from an exogenous nucleotide coding
sequence lacking introns and a TCRpP chain expressed from an exogenous nucleotide

coding sequence lacking introns.

The method of claim 1 or 2, wherein each endogenous TCRa chain allele is inactivated in
the modified lymphocyte, preferably such that the inactivation knocks out each TCRa
chain allele, preferably such that an endogenous, full-length and/or functional TCRa chain

is not expressed by the modified lymphocyte.

The method of any one of claims 1-3, wherein each endogenous TCRp chain allele is
inactivated in the modified lymphocyte, preferably such that the inactivation knocks out
each TCRp chain allele, preferably such that an endogenous, full-length and/or functional
TCRp chain is not expressed by the modified lymphocyte.

The method of any one of claims 1-4, wherein the inactivated endogenous TCRa chain
allele is a T Cell Receptor Alpha Constant (TRAC) allele, preferably wherein each TRAC

allele is inactivated in the modified lymphocyte.

The method of any one of claims 1-5, wherein the inactivated endogenous TCRa, chain
allele is an inactivated endogenous TRAC allele comprising genetic modification within

50 nucleotides of a TRAC intron-exon boundary.
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The method of claim 6, wherein the TRAC intron-exon boundary is the boundary between
(1) TRAC intron 1 and exon 1, (i1) TRAC exon 1 and intron 2, (iii)) TRAC intron 2 and exon
2, (iv) TRAC exon 2 and intron 3, (v) TRAC intron 3 and exon 3, and/or (vi) TRAC exon
3 and intron 4, preferably between TRAC intron 1 and exon 1 and/or between TRAC exon

1 and intron 2.

The method of any one of claims 1-7, wherein the inactivated endogenous TCRa chain
allele comprises a  genetic modification to a sequence comprising
CAGGGTTCTGGATATCTGT (SEQ ID NO: 3), CTGCCCTTACCTGGGCT (SEQ ID
NO: 4), CATCACAGGAACTTTCTAAA (SEQ ID NO: 5),
AGCTTTGAAACAGGTAAGAC (SEQ ID NO: 6), TTCGTATCTGTAAAACCAAG
(SEQ ID NO: 7), and/or TCAAGGCCCCTCACCTCAGC (SEQ ID NO: 8) located on a
TRAC coding or template strand.

The method of any one of claims 1-8, wherein the inactivated endogenous TCR chain
allele is a T Cell Receptor Beta Constant 1 (TRBC1) allele or a T Cell Receptor Beta
Constant 2 (TRBC2) allele, preferably wherein each TRBC1 allele and each TRBC?2 allele

is inactivated in the modified lymphocyte.

The method of any one of claims 1-9, wherein the inactivated endogenous TCRp chain
allele is an inactivated endogenous TRBC1 allele and/or an inactivated endogenous
TRBC2 allele comprising a genetic modification within 50 nucleotides of a TRBC1 intron-

exon boundary and/or a TRBC2 intron-exon boundary.

The method of claim 10, wherein the TRBC1 intron-exon boundary is the boundary
between TRBC1 exon 1 and intron 2, and/or wherein the TRBC2 intron-exon boundary is

the boundary between TRBC2 exon 1 and intron 2.

The method of any one of claims 1-11, wherein the inactivated endogenous TCRp chain
allele comprises a genetic modification to a sequence comprising
CCTGGGGTAGAGCAGGTGAG (SEQ ID NO: 1) and/or
CCACTCACCTGCTCTACCCC (SEQ ID NO: 2) located on a TRBC1 coding or template

strand and/or a TRBC2 coding or template strand.
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The method of any one of claims 1-12, wherein the modified T cell receptor is encoded by

a codon-optimized nucleotide sequence or a non-codon-optimized nucleotide sequence.

The method of any one of claims 1-13, wherein a portion of the inactivated endogenous
TCRa chain allele and/or inactivated endogenous TCRP chain allele is excised, and/or

comprises at least two genetic modifications.

The method of any one of claims 1-14, wherein the modified TCR is a transgenic TCR

and/or an exogenously introduced TCR.

The method of any one of claims 1-15, wherein the modified TCR is exogenously
introduced into the lymphocyte by transduction of a viral vector, preferably a lentiviral

vector, or by delivery of a naked DNA molecule.

The method of any one of claims 1-16, wherein the modified TCR is expressed from an
exogenous nucleotide sequence integrated into a genomic site at random, in an intron, a

safe-harbor site, the inactivated TCRa chain allele, or the inactivated TCRp chain allele.

The method of any one of claims 1-17, wherein the modified lymphocyte comprises a CAR
and further comprises at least one inactivated endogenous Class I HL A allele and at least
one inactivated endogenous Class II HLA allele, preferably wherein all endogenous Class
I'and Class Il HLA alleles are inactivated, preferably wherein the method further comprises
introducing additional agents which inhibit the activity or presence of natural killer (NK)

cells.

The method of any one of claims 1-18, wherein the lymphocyte is a T cell, a primary T
cell, cytotoxic T cell, T helper cell, regulatory T cell, innate-like T cell (iT), natural killer
T cell (NKT), 6 T cell, a stem-cell derived T cell, or a iPSc-derived T cell.

The method of any one of claims 1-19, wherein the modified lymphocyte is an autologous
cell, a lymphocyte isolated from the subject prior to modification of the lymphocyte, or
more preferably an allogenic cell, or a lymphocyte isolated from a donor other than the

subject prior to modification of the lymphocyte.
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The method of any one of claims 1-20, wherein the ACT is an autologous ACT or more

preferably an allogenic ACT.

The method of any one of claims 1-21, wherein the disease is a cancer, autoimmune

disease, or an infectious disease.

The method of any one of claims 1-22, wherein the modified TCR or CAR binds a tumor

antigen or a tumor neoantigen.

The method of any one of claims 1-23, wherein the modified lymphocyte further comprises

an inducible suicide gene.

A method of modifying a cell for adoptive cell therapy, the method comprising:
inactivating an endogenous TCRa chain allele and an endogenous TCRP chain
allele encoded by the cell, preferably by introducing at least one engineered
nuclease to the cell,

thereby modifying the cell for adoptive cell therapy.

The method of claim 25, wherein each endogenous TCRa chain allele is inactivated in the
modified cell, preferably such that the inactivating knocks out each TCRa chain allele,
preferably such that an endogenous, full-length and/or functional TCRa chain is not

expressed by the cell.

The method of claim 25 or 26, wherein each endogenous TCRf chain allele is inactivated
in the modified cell, preferably such that the inactivating knocks out each TCRp chain
allele, preferably such that an endogenous, full-length and/or functional TCRp chain is not

expressed by the cell.

The method of any one of claims 25-27, wherein the inactivated endogenous TCRa. chain
allele is a T Cell Receptor Alpha Constant (TRAC) allele, preferably wherein each TRAC

allele is inactivated in the modified cell.
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The method of any one of claims 25-28, wherein the endogenous TCRa chain allele is
inactivated by introducing a genetic modification within 50 nucleotides of a TRAC intron-

exon boundary.

The method of claim 29, wherein the TRAC intron-exon boundary is the boundary between
(1) TRAC intron 1 and exon 1, (i) TRAC exon 1 and intron 2, (ii1)) TRAC intron 2 and exon
2, (iv) TRAC exon 2 and intron 3, (v) TRAC intron 3 and exon 3, and/or (vi) TRAC exon
3 and intron 4, preferably between TRAC intron 1 and exon 1 and/or between TRAC exon

1 and intron 2.

The method of any one of claims 25-30, wherein the inactivated endogenous TCRa. chain
allele comprises a genetic modification to a sequence comprising
CAGGGTTCTGGATATCTGT (SEQ ID NO: 3), CTGCCCTTACCTGGGCT (SEQ ID
NO: 4), CATCACAGGAACTTTCTAAA (SEQ ID NO: 5),
AGCTTTGAAACAGGTAAGAC (SEQ ID NO: 6), TTCGTATCTGTAAAACCAAG
(SEQ ID NO: 7), and/or TCAAGGCCCCTCACCTCAGC (SEQ ID NO: 8) located on a
TRAC coding or template strand.

The method of any one of claims 25-31, wherein the inactivated endogenous TCRp chain
allele is a T Cell Receptor Beta Constant 1 (TRBC1) allele or a T Cell Receptor Beta
Constant 2 (TRBC2) allele, preferably wherein each TRBC1 allele and each TRBC?2 allele

is inactivated in the modified cell.

The method of any one of claims 25-32, wherein the inactivated endogenous TCR[ chain
allele 1s inactivated by introducing a genetic modification within 50 nucleotides of a

TRBC1 intron-exon boundary and/or a TRBC2 intron-exon boundary.

The method of claim 33, wherein the TRBC1 intron-exon boundary is the boundary
between TRBC1 exon 1 and intron 2, and/or wherein the TRBC2 intron-exon boundary is

the boundary between TRBC2 exon 1 and intron 2.

The method of any one of claims 25-34, wherein the inactivated endogenous TCRJ chain

allele comprises a genetic modification to a sequence comprising
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CCTGGGGTAGAGCAGGTGAG (SEQ ID NO: 1) and/or
CCACTCACCTGCTCTACCCC (SEQ ID NO: 2) located on a TRBC1 coding or template
strand and/or a TRBC2 coding or template strand.

The method of any one of claims 25-35, wherein the endogenous TCRa chain allele is

inactivated by

a) delivery of a first TCRo-targeting engineered nuclease which binds and affects a
first DNA break in the endogenous TCRa chain allele, preferably wherein the first
TCRa-targeting engineered nuclease is a CRISPR nuclease complex, a zinc-finger
nuclease, or a meganuclease; and

b) delivery of a second TCRa-targeting engineered nuclease which binds and affects
a second DNA break in the endogenous TCRa chain allele, preferably wherein the
second TCRa-targeting engineered nuclease is a CRISPR nuclease complex, a zinc-

finger nuclease, or a meganuclease.

The method of claim 36, wherein the first TCRa-targeting engineered nuclease is a
CRISPR nuclease ribonucleoprotein (RNP) complex comprising a guide RNA molecule
which comprises a guide sequence comprising CAGGGTTCTGGATATCTGT (SEQ ID
NO: 3), and

wherein the second TCRo-targeting engineered nuclease is a CRISPR nuclease
ribonucleoprotein (RNP) complex comprising a guide RNA molecule which comprises a
guide sequence comprising CTGCCCTTACCTGGGCT (SEQ ID NO: 4).

The method of any one of claims 25-37 wherein the endogenous TCRp chain allele is

inactivated by

a) delivery of a first TCRpB-targeting engineered nuclease which binds and affects a
first DNA break in the endogenous TCRp chain allele, preferably wherein the first
TCRp-targeting engineered nuclease is a CRISPR nuclease complex, a zinc-finger
nuclease, or a meganuclease; and

b) delivery of a second TCRp-targeting engineered nuclease which binds and affects

a second DNA break in the endogenous TCRp chain allele, preferably wherein the
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second TCRP-targeting engineered nuclease is a CRISPR nuclease complex, a zinc-

finger nuclease, or a meganuclease.

The method of claim 38, wherein the first TCRB-targeting engineered nuclease is a
CRISPR nuclease ribonucleoprotein (RNP) complex comprising a guide RNA molecule
which comprises a guide sequence comprising CCTGGGGTAGAGCAGGTGAG (SEQ
ID NO: 1), and

wherein the second TCRp-targeting engineered nuclease is a CRISPR nuclease
ribonucleoprotein (RNP) complex comprising a guide RNA molecule which comprises a

guide sequence comprising CCACTCACCTGCTCTACCCC (SEQ ID NO: 2).

The method of any one of claims 25-39, wherein a portion of the inactivated endogenous
TCRa chain allele and/or inactivated endogenous TCRp chain allele is excised, and/or

comprises at least two genetic modifications.

The method of any one of claims 25-40, the method further comprising modifying the cell

to express a modified T cell receptor (TCR) or a chimeric antigen receptor (CAR).

The method of any one of claims 25-41, wherein the cell is modified to express a modified
T cell receptor (TCR), and wherein the modified TCR is a transgenic TCR and/or an

exogenously introduced TCR.

The method of any one of claims 25-42, wherein the cell is modified to express a modified
T cell receptor (TCR), and wherein the modified TCR is exogenously introduced to the cell
by transduction of a viral vector, preferably a lentiviral vector, or by delivery of a naked

DNA molecule.

The method of any one of claims 25-43, wherein the cell is modified to express a modified
T cell receptor (TCR), and wherein the modified TCR is exogenously introduced to the cell
by transduction of a viral vector at substantially the same time as the at least one engineered
nuclease, preferably wherein simultaneous electroporation of the viral vector and the at

least one engineered nuclease is performed.
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The method of any one of claims 25-44, wherein the cell is modified to express a modified
T cell receptor (TCR), and wherein the modified TCR is expressed from an exogenous
nucleotide sequence integrated into a genomic site at random, in an intron, a safe-harbor

site, the inactivated TCRa chain allele, or the inactivated TCR chain allele.

The method of any one of claims 25-45, wherein the cell is modified to express a modified
T cell receptor (TCR), and wherein the modified T cell receptor is encoded by a codon-

optimized nucleotide sequence or a non-codon-optimized nucleotide sequence.

The method of any one of claims 25-46, wherein the cell is modified to express a modified
T cell receptor (TCR), and the modified TCR comprises a TCRa chain expressed from an
exogenous nucleotide coding sequence lacking introns, and a TCRp chain expressed from

an exogenous nucleotide coding sequence lacking introns.

The method of any one of claims 25-47, wherein the modified cell comprises a CAR and
further comprises at least one inactivated endogenous Class I HLA allele and at least one
inactivated endogenous Class Il HLA allele, preferably wherein all endogenous Class I and

Class II HLA alleles are inactivated.

The method of any one of claims 25-48, further comprising isolating the cell from a subject

or a donor.

The method of any one of claims 25-49, wherein the cell is isolated from peripheral blood
mononuclear cells (PBMCs), preferably stimulated PMBCs, optionally wherein the
stimulation is performed by exposing the PMBCs to any one of CD3, CD28, and/or CD2
antibodies, preferably wherein the stimulation occurs for about a 48-hour period prior to
inactivating an endogenous TCRa chain allele and an endogenous TCRp chain allele

encoded by the cell.

The method of any one of claims 25-50, wherein the cell is a lymphocyte, T cell, primary
T cell, cytotoxic T cell, T helper cell, regulatory T cell, innate-like T cell (iT), natural killer
T cell (NKT), y8 T cell, a stem-cell derived T cell, or a iPSc-derived T cell.
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The method of any one of claims 25-51, wherein the modified cell is an autologous cell, a
cell isolated from a subject who will receive the adoptive cell therapy, more preferably an
allogenic cell, or a cell isolated from a donor other than a subject who will receive the

adoptive cell therapy.

The method of any one of claims 25-52, wherein the adoptive cell therapy is an autologous

adoptive cell therapy or more preferably an allogenic adoptive cell therapy.

The method of any one of claims 25-53, wherein the modified TCR or CAR binds a tumor

antigen or a tumor neoantigen.

The method of any one of claims 25-54, wherein the modified cell further comprises an

inducible suicide gene.

A mammalian immune cell modified by having a modified T cell receptor (TCR) or a
chimeric antigen receptor (CAR); at least one inactivated endogenous TCRa chain allele;

and at least one inactivated endogenous TCRf chain allele.

A pharmaceutical or therapeutic composition comprising a cell modified according to the

method of any one of claims 25-55.

A method for reducing the likelithood of a graft versus host disease associated with a TCR
or CAR-T therapy for a pathology in a subject, comprising administering to the subject a
modified lymphocyte comprising

1) a modified T cell receptor (TCR) or a chimeric antigen receptor (CAR);

1) at least one inactivated endogenous TCRa chain allele; and

1i1) at least one inactivated endogenous TCRp chain allele;

thereby treating the pathology in the subject and reducing the likelihood of a graft versus

host disease in the subject.

A method for enhancing expression and/or formation of a therapeutic TCR in a cell

modified for an adoptive cell therapy, the method comprising:
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inactivating an endogenous TCRa chain allele and an endogenous TCRp chain
allele encoded by the cell, preferably by introducing at least one engineered
nuclease to the cell and expressing the therapeutic TCR in the cell,

thereby enhancing expression and/or formation of a therapeutic TCR modifying the cell

for adoptive cell therapy.

A method for enhancing the sensitivity of an adoptive cell therapy TCR to an antigen,
comprising modifying a cell expressing the adoptive cell therapy TCR by inactivating an
endogenous TCRa chain allele and an endogenous TCRf chain allele encoded by the cell,
preferably by introducing at least one engineered nuclease to the cell, thereby enhancing
the sensitivity of the adoptive cell therapy TCR to an antigen relative to an otherwise
identical cell expressing the adoptive cell therapy TCR but not modified to inactivate an

endogenous TCRa chain allele and an endogenous TCRp chain allele encoded by the cell.
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