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DESCRIPTION

Field of the invention

[0001] The present invention pertains to engineered T-cells, method for their preparation and their use as medicament,
particularly for immunotherapy. The engineered T-cells of the invention are infer alia characterized in that the
expression of beta 2-microglobulin (B2M) and/or class Il major histocompatibility complex transactivator (CIITA) is
inhibited, e.g., by using rare-cutting endonucleases able to selectively inactivating by DNA cleavage the gene encoding
B2M and/or CIITA, or by using nucleic acid molecules which inhibit the expression of B2M and/or CIITA. In order to
further render the T-cell non-alloreactive, at least one gene encoding a component of the T-cell receptor is inactivated,
e.g., by using a rare-cutting endonucleases able to selectively inactivating by DNA cleavage the gene encoding said
TCR component. In addition, a step of expression of immunosuppressive polypeptide such as viral MHCI homolog or
NKG2D ligand can be performed on those modified T-cells in order to prolong the survival of these modified T cells in
host organism. Such modified T-cell is particularly suitable for allogeneic transplantations, especially because it reduces
both the risk of rejection by the host's immune system and the risk of developing graft versus host disease. The
invention opens the way to standard and affordable adoptive immunotherapy strategies using T-Cells for treating
cancer, infections and auto-immune diseases.

Background of the invention

[0002] Adoptive immunotherapy, which involves the transfer of autologous antigen-specific T-cells generated ex vivo, is
a promising strategy to treat viral infections and cancer. The T-cells used for adoptive immunotherapy can be generated
either by expansion of antigen-specific T-cells or redirection of T-cells through genetic engineering (Park, Rosenberg et
al. 2011).

[0003] Novel specificities in T cells have been successfully generated through the genetic transfer of transgenic T cell
receptors or chimeric antigen receptors (CARs) (Jena, Dotti et al. 2010). CARs are synthetic receptors consisting of a
targeting moiety that is associated with one or more signaling domains in a single fusion molecule. In general, the
binding moiety of a CAR consists of an antigen-binding domain of a single-chain antibody (scFv), comprising the light
and variable fragments of a monoclonal antibody joined by a flexible linker. Binding moieties based on receptor or ligand
domains have also been used successfully. The signaling domains for first generation CARs are derived from the
cytoplasmic region of the CD3zeta or the Fc receptor gamma chains. First generation CARs have been shown to
successfully redirect T-cell cytotoxicity, however, they failed to provide prolonged expansion and anti-tumor activity in
vivo. Signaling domains from co-stimulatory molecules including CD28, OX-40 (CD134), and 4-1BB (CD137) have been
added alone (second generation) or in combination (third generation) to enhance survival and increase proliferation of
CAR modified T cells. CARs have successfully allowed T cells to be redirected against antigens expressed at the
surface of tumor cells from various malignancies including lymphomas and solid tumors (Jena, Dotti et al. 2010).

[0004] The current protocol for treatment of patients using adoptive immunotherapy is based on autologous cell
transfer. In this approach, T lymphocytes are recovered from patients, genetically modified or selected ex vivo,
cultivated in vitro in order to amplify the number of cells if necessary and finally infused into the patient. In addition to
lymphocyte infusion, the host may be manipulated in other ways that support the engraftment of the T cells or their
participation in an immune response, for example pre-conditioning (with radiation or chemotherapy) and administration
of lymphocyte growth factors (such as IL-2). Each patient receives an individually fabricated treatment, using the
patient's own lymphocytes (i.e. an autologous therapy). Autologous therapies face substantial technical and logistic
hurdles to practical application, their generation requires expensive dedicated facilities and expert personnel, they must
be generated in a short time following a patient's diagnosis, and in many cases, pretreatment of the patient has resulted
in degraded immune function, such that the patient's lymphocytes may be poorly functional and present in very low
numbers. Because of these hurdles, each patient's autologous cell preparation is effectively a new product, resulting in
substantial variations in efficacy and safety.

[0005] Ideally, one would like to use a standardized therapy in which allogeneic therapeutic cells could be pre-
manufactured, characterized in detail, and available for immediate administration to patients. By allogeneic it is meant
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that the cells are obtained from individuals belonging to the same species but are genetically dissimilar. However, the
use of allogeneic cells presently has many drawbacks. In immune-competent hosts allogeneic cells are rapidly rejected,
a process termed host versus graft rejection (HvG), and this substantially limits the efficacy of the transferred cells. In
immune-incompetent hosts, allogeneic cells are able to engraft, but their endogenous T-cell receptors (TCR)
specificities may recognize the host tissue as foreign, resulting in graft versus host disease (GvHD), which can lead to
serious tissue damage and death.

[0006] In order to provide allogeneic T-cells, the inventors previously disclosed a method to genetically engineer T-
Cells, in which different effector genes, in particular those encoding T-cell receptors, were inactivated by using specific
TAL-nucleases, better known under the trade mark TALEN™ (Cellectis, 8, rue de la Croix Jarry, 75013 PARIS). This
method has proven to be highly efficient in primary cells using RNA transfection as part of a platform allowing the mass
production of allogeneic T-cells (WO 2013/176915).

[0007] Beta-2 microglobulin, also known as B2M, is the light chain of MHC class | molecules, and as such an integral
part of the major histocompatibility complex In human, B2M is encoded by the b2m gene which is located on
chromosome 15, opposed to the other MHC genes which are located as gene cluster on chromosome 6. The human
protein is composed of 119 amino acids (SEQ ID NO: 1) and has a molecular weight of 11.800 Daltons. Mice models
deficient for beta-2 microglobulin have shown that B2M is necessary for cell surface expression of MHC class | and
stability of the peptide binding groove. It was further shown that haemopoietic transplants from mice that are deficient
for normal cell-surface MHC | expression are rejected by NK1.1+ cells in normal mice because of a targeted mutation in
the beta-2 micorglobulin gene, suggesting that deficient expression of MHC | molecules renders marrow cells
susceptible to rejection by the host immune system (Bix et al. 1991).

[0008] CIITA protein (SEQ ID NO: 4 - NCBI Reference Sequence: NP_000237.2) that acts as a positive regulator of
class Il major histocompatibility complex gene transcription, including 2m gene transcription, and is often referred to as
the "master control factor” for the expression of these genes. CIITA mRNA (SEQ ID NO: 5) can only be detected in
human leukocyte antigen (HLA) system class ll-positive cell lines and tissues. This highly restricted tissue distribution
suggests that expression of HLA class Il genes is to a large extent under the control of CIITA (Mach B., et al. 1994).

[0009] Adaptive immune response is a complex biological system where numerous cellular components interact.
Professional Antigen Presenting Cells (APC) are able to process foreign bodies and expose them to helper T cells in the
context of MHC Class Il molecules. Activated helper T cells will in turn stimulate B cells response and cytotoxic T (CTL)
cells response. CTL recognize foreign peptides presented by MHC Class | molecules but in the case of alloreactivity,
recognize and kill cells bearing foreign MHC Class I. MHC Class | molecules are composed of 2 entities: the highly
polymorphic, transmembrane heavy chain and a small invariant polypeptide, the beta2-microglobuline (beta2-m)
encoded by B2M gene. The expression of the MHC Class | heavy chain at the cell surface requires its association with
the beta2-m. Hence, abrogation of beta2-m expression in CAR T cells will impair MHC Class | expression and make
them invisible to host CTL. However, MHC Class | deficient CAR T cells are susceptibe to lysis by host NK cells, which
target cells lacking MHC Class | molecules [Ljunggren HG et al.(1990), Immunl Today. 11:237-244].

[0010] NK cells exert cytotoxic functions towards the cells they interact with based on the balance between activating
and inhibitory signals they received through different monomorphic or polymorphic receptors. One central activating
receptor on human NK cells is NKG2D and its ligands include proteins such as MICA, MICB, ULBP1, ULBP2, ULBP3
[Raulet DH, (2003), Nature Reviews Immunology 3 (10): 781-79]. On the other hand, the inhibitory signal is mediated
through the interaction between NK receptors like LIR-1/ILT2 and MHC Class | molecules [Ljunggren HG et al.(1990),
Immunl Today. 11:237-244]. Some viruses such as cytomegaloviruses have aquired mechanisms to avoid NK cell
mediate immune surveillance. HCMV genome encodes proteins that are able to prevent MHC Classl surface expression
(i.,e. US2, US3, US6 and US11) while expressing a MHC classl homolog protein (UL18) that acts as a decoy to block NK-
mediated cell lysis [Kim, Y et al. (2008), PLOS Pathogens. 4: e1000123, and Wilkinson G. et al. (2010). J Clin Virol.
41(3):206-212]. Moreover, HCMV interferes with the NKG2D pathway by secreting a protein able to bind NKG2D ligands
and prevent their surface expression [Welte SA et al. (2003), Eur J Immunol 33 (1): 194-203]. In tumor cells, some
mechanisms have evolved to evade NKG2D response by secreting NKG2D ligands such as ULBP2, MICB or MICA
(Waldhauer |, Steinle A (2003). Proteolytic release of soluble UL16-binding protein 2 from tumor cells. Cancer Res
20086; 66(5): 2520-2526; Salih HR et al. (2006), Hum Immunol. 2006 Mar;67(3):188-95; Salih HR et al. (2003) Blood.
2003 Aug 15;102(4):1389-96; Salih HR et al. (2002) J Immunol.;169(8):4098-102].
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[0011] The present inventor here provides strategies for immunotherapy by which T-cells, especially allogeneic T-cells,
are made particular suitable for allogeneic transplantations, reducing the risk for host versus graft rejections and for
developing graft versus host disease and to render the T cells "stealthy”, in particular with respect to APC cells or NK
cells.

Summary of the invention

[0012] The present invention concerns methods for preparing engineered T-cells, in particular allogeneic T-cells
obtained from a donor, to make them suitable for inmunotherapy purposes. The methods of the present invention more
particularly allow the precise modulation of expression of certain effector molecules important for immune recognition
and histocompatibility.

[0013] According to one aspect, the present invention provides a method for preparing an engineered T-cell, preferably
an allogeneic T-cell obtained from a donor, comprising the steps of:

1. a) inhibiting the expression of beta 2-microglobulin (B2M) and/or class Il major histocompatibility complex
transactivator (CIITA) in said T-cell that has been provided; and

2. b) inactivating at least one gene encoding a component of the T cell receptor (TCR) in said T-cell; and

3. ¢) introducing into said T-cell an exogenous nucleic acid molecule comprising a nucleotide sequence coding for a
Chimeric Antigen Receptor (CAR) directed against at least one antigen expressed at the surface of a malignant or
infected cell.

[0014] According to certain embodiments, inhibition of expression of B2M is achieved by a genome modification, more
particularly through the expression in the T-cell of a rare-cutting endonuclease able to selectively inactivate by DNA
cleavage the gene encoding B2M, such as the human B2m gene set forth in SEQ ID NO: 2 (NCBI Reference Sequence:
NG_012920.1), or a gene having at least 70%, such as at least 80%, at least 90% at least 95%, or at least 99%,
sequence identify with the human B2m gene set forth in SEQ ID NO: 2 over the entire length of SEQ ID NO: 2. Such
rare-cutting endonuclease may be a TAL-nuclease, meganuclease, zing-finger nuclease (ZFN), or RNA guided
endonuclease (such as Cas9).

[0015] According to certain other embodiments, inhibition of expression of B2M is achieved by using (e.g., introducing
into the T-cell) a nucleic acid molecule that specifically hybridizes (e.g. binds) under cellular conditions with the cellular
mRNA and/or genomic DNA encoding B2M, thereby inhibiting transcription and/or translation of the gene. In accordance
with particular embodiments, the inhibition of expression of B2M is achieved by using ((e.g., introducing into the T-cell)
an antisense oligonucleotide, ribozyme or interfering RNA (RNAi) molecule. Preferably, such nucleic acid molecule
comprises at least 10 consecutive nucleotides of the complement of SEQ ID NO: 3 (i.e., the mRNA encoding human
B2M; NCBI Reference Sequence: NM_004048).

[0016] According to certain embodiments, inhibition of expression of CIITA is achieved by a genome modification, more
particularly through the expression in the T-cell of a rare-cutting endonuclease able to selectively inactivate by DNA
cleavage the gene encoding CIITA, such as the human CIITA gene (NCBI Reference Sequence: NG_009628.1), or a
gene having at least 70%, such as at least 80%, at least 90% at least 95%, or at least 99%, sequence identify with the
human CIITA gene according to NG_009628.1 over the entire length of the human CIITA gene according to
NG_009628.1. Such rare-cutting endonuclease may be a TAL-nuclease, meganuclease, zing-finger nuclease (ZFN), or
RNA guided endonuclease (such as Cas9).

[0017] According to certain other embodiments, inhibition of expression of CIITA is achieved by using (e.g., introducing
into the T-cell) a nucleic acid molecule that specifically hybridizes (e.g. binds) under cellular conditions with the cellular
mRNA and/or genomic DNA encoding CIITA, thereby inhibiting transcription and/or translation of the gene. In
accordance with particular embodiments, the inhibition of expression of CIITA is achieved by using ((e.g., introducing
into the T-cell) an antisense oligonucleotide, ribozyme or interfering RNA (RNAi) molecule. Preferably, such nucleic acid
molecule comprises at least 10 consecutive nucleotides of the complement of SEQ ID NO: 5 (i.e., the mRNA encoding
human CIITA isoform 2).
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[0018] According to the method of the present invention, the T-cell is further engineered to make it non-alloreactive,
especially by inactivating one or more genes encoding components of T-cell receptors (TCR). This can be achieved by
a genome modification, more particularly through the expression in the T-cell of a rare-cutting endonuclease able to
selectively inactivate by DNA cleavage, preferably double-strand break, at least one gene encoding a component of the
T-Cell receptor (TCR), such as the gene encoding TCR alpha or TCR beta. Such rare-cutting endonuclease may be a
TAL-nuclease, meganuclease, zing-finger nuclease (ZFN), or RNA guided endonuclease (such as, Cas9). Preferably,
the rare-cutting endonuclease is able to selectively inactivate by DNA cleavage the gene coding for TCR alpha.

[0019] According to the method of the present invention, the T-cell is further engineered to express a Chimeric Antigen
Receptor (CAR) directed against at least one antigen expressed at the surface of a malignant or infected cell, such as
the B-lymphocyte antigen CD19.

[0020] The present invention thus provides in a further aspect engineered isolated T-cells expressing a Chimeric
Antigen Receptor (CAR) directed against at least one antigen expressed at the surface of a malignant or infected cell,
which are further characterized in that i) the expression of beta 2-microglobulin (B2M) and/or class Il major
histocompatibility complex transactivator (CIITA) is inhibited; and ii) at least one gene encoding a component of the T
cell receptor (TCR) is inactivated.

[0021] According to certain embodiments, a T-cell is provided which expresses a rare-cutting endonuclease able to
selectively inactivate by DNA cleavage the gene encoding B2M. More particularly, such T-cell comprises an exogenous
nucleic acid molecule comprising a nucleotide sequence encoding said rare-cutting endonuclease, which may be a TAL-
nuclease, meganuclease, zing-finger nuclease (ZFN), or RNA guided endonuclease.

[0022] According to certain other embodiments, a T-cell is provided which comprises an exogenous nucleic acid
molecule that inhibits the expression of B2M. According to particular embodiments, such nucleic acid molecule is an
antisense oligonucleotide, ribozyme or interfering RNA (RNAi) molecule. According to preferred embodiments, such
nucleic acid molecule comprises at least 10 consecutive nucleotides of the complement of SEQ ID NO: 3.

[0023] According to certain embodiments, a T-cell is provided which expresses a rare-cutting endonuclease able to
selectively inactivate by DNA cleavage the gene encoding CIITA. More particularly, such T-cell comprises an exogenous
nucleic acid molecule comprising a nucleotide sequence encoding said rare-cutting endonuclease, which may be a TAL-
nuclease, meganuclease, zing-finger nuclease (ZFN), or RNA guided endonuclease.

[0024] According to certain other embodiments, a T-cell is provided which comprises an exogenous nucleic acid
molecule that inhibits the expression of CIITA. According to particular embodiments, such nucleic acid molecule is an
antisense oligonucleotide, ribozyme or interfering RNA (RNAi) molecule. According to preferred embodiments, such
nucleic acid molecule comprises at least 10 consecutive nucleotides of the complement of SEQ ID NO: 5.

[0025] As mentioned above, the T-cell of the present invention further has at least one inactivated gene encoding a
component of the TCR receptor. More particularly, such T-cell may express a rare-cutting endonuclease able to
selectively inactivate by DNA cleavage, preferably double-strand break, said at least one gene encoding a component of
the T-Cell receptor (TCR). Accordingly, said T-cell may comprise an exogenous nucleic acid molecule comprising a
nucleotide sequence coding for a rare-cutting endonuclease able to selectively inactivate by DNA cleavage at least one
gene coding for one component of the T-Cell receptor (TCR). The disruption of TCR provides a non-alloreactive T-cell
that can be used in allogeneic treatment strategies.

[0026] As mentioned above, the T-cell of the present invention is further engineered to express a Chimeric Antigen
Receptor (CAR) directed against at least one antigen expressed at the surface of a malignant or infected cell, such as
the B-lymphocyte antigen CD19. Particularly, the T-cell comprises an exogenous nucleic acid molecule comprising a
nucleotide sequence encoding said CAR. The binding of the target antigen by the CAR has the effect of triggering an
immune response by the T-cell directed against the pathological cell, which results in degranulation of various cytokine
and degradation enzymes in the interspace between the cells.

[0027] According to some embodiments, an additional modification of T-cells is performed to render them stealthy by
expression of at least one non-endogenous immunosuppressive polypeptide such as a viral MHC homolog, for instance,
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UL18, or such as a NKG2D ligand.

[0028] According to some embodiments, the T-cell of the present invention expresses at least one non-endogenous
immune-suppressive polypeptide. According to more particular embodiments, said non-endogenous immune-
suppressive polypeptide is a viral MHC homolog, such as UL18. The T-cell may comprise an exogenous nucleic acid
molecule comprising a nucleotide sequence cording for a polypeptide sharing at least 80%, preferably at least 90% and
more preferably at least 95% of identity with SEQ ID NO: 89. According to other more particular embodiments, said non-
endogenous immune-suppressive polypeptide is a NKG2D ligand. The T-cell may comprise an exogenous nucleic acid
molecule comprising a nucleotide sequence cording for a polypeptide sharing at least 80%, preferably at least 90% and
more preferably at least 95% of identity with any one of SEQ ID NO: 90-97.

[0029] As a result of the present invention, engineered T-cells can be used as therapeutic products, ideally as an "off
the shelf" product, for use in the treatment or prevention cancer, bacterial or viral infections, or auto-immune diseases.

[0030] Thus, the present invention further provides an engineered T-cell or a composition, such as a pharmaceutical
composition, comprising same for use as a medicament. According to certain embodiments, the engineered T-cell or
composition is for use in the treatment of a cancer, and more particularly for use in the treatment of lymphoma.
According to certain other embodiments, the engineered T-cell or composition is for use in the treatment of viral
infection. According to certain other embodiments, the engineered T-cell or composition is for use in the treatment of
bacterial infection.

[0031] It is understood that the details given herein with respect to one aspect of the invention also apply to any of the
other aspects of the invention.

Brief description of the drawings

[0032]

Figure 1: Schematic representation of the normal relationship between donor's T-cells, host T-cells and antigen
presenting cells.

Figure 2: Schematic representation of the genetically modified therapeutic T-cells according to the invention and the
patient's T-cells and tumor cells.

Figure 3: Comparison of the forward side scatter (FSC) distribution, an indicator of cell size, between TCR-positive and
TCR-negative cells.

Figure 4: Flow cytometry analysis of TCR alpha/beta and CD3 expression on human primary T cells following TRAC
TALE-nuclease mRNA electroporation (top).

Figure 5: Flow cytometry analysis of HLA_ABC expression on the surface of human primary T cells in: A. Control T-
cells. B. following $2m TALE-nuclease mRNA electroporation.

Figure 6: A. Flow cytometry analysis of CAR expression (anti F(ab")2) after electroporation of T cells with or without
mRNA encoding a single chain CAR. B. Flow cytometry analysis of CD107a expression (marker of degranulation) on
electroporated T cells cocultured with daudi cells.

Figure 7: Schematic representation of the potential interactions between an allogeneic CAR T cell with diverse host
immune cells (CD8+ and CD4+ T cell, APC such as dendritic cell and NK cell), the CAR T cell having its B2M gene
inactivated by KO. Sign (+) represents activation and sign (-) inhibition. The potential interaction between CAR T cell
with the tumor cell remains unchanged. The inactivation of B2M gene which is one component of the MCHI, renders the
latter non-functional in regards to the interactions with host cytotoxic T cell (CD8+) and with NK cell. Then, NK cell can
exert its activation on allogeneic CAR T cell via activator pathway such NKG2D/NKG2D ligand.

Figure 8: Schematic representation of the potential interactions between an allogeneic CAR T cell with diverse host
immune cells (CD8+ and CD4+ T cell, APC such as dendritic cell and NK cell), the CAR T cell having its B2M gene
inactivated by KO and expressing viral MHCI homolog. Sign (+) represents activation and sign (-) inhibition. The
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potential interaction between CAR T cell with the tumor cell remains unchanged. As for the preceding figure (only B2M
KO), the interaction between CAR T cell and host CD8+ T cell is alleviated. In this case, the expression of viral MHCI
homolog renders the interaction with NK cell inoperative via MHCl/inhibitor receptor. The double genetic modification of
allogeneic CAR T cells by KO of B2M combined with the expression of viral MHCI homolog strengthens their
immunosuppressive protection.

Figure 9: Schematic representation of the potential interactions between an allogeneic CAR T cell with diverse host
immune cells (CD8+ and CD4+ T cell, APC such as dendritic cell and NK cell), the CAR T cell having its B2M gene
inactivated by KO and expressing a soluble NKG2D ligand. Sign (+) represents activation and sign (-) inhibition. The
potential interaction between CAR T cell with the tumor cell remains unchanged. As for the preceding figure (only B2M
KO), the interaction between CAR T cell and host CD8+ T cell is alleviated. The expression of soluble NKG2D ligand is
another way to inactivation the interaction with NK cell. In this case, the soluble NKG2D ligand can bind to NKG2D
receptor on NK cell but exerts no action, in contrast to the NKG2D ligand of CAR T cell with which it exerts an inhibitory
competition. The double genetic modification of allogeneic CAR T cells by KO of B2M combined with the expression of
soluble NKG2D ligand strengthens their immunosuppressive protection.

Figure 10: FACS analysis of 2-m expression in T cells. Untransfected (top) and transfected T cells (middle and
bottom) are analysed by FACS for viability (left) and p2-m expression (right).

Detailed description of the invention

[0033] Unless specifically defined herein, all technical and scientific terms used have the same meaning as commonly
understood by a skilled artisan in the fields of gene therapy, biochemistry, genetics, and molecular biology.

[0034] All methods and materials similar or equivalent to those described herein can be used in the practice or testing
of the present invention, with suitable methods and materials being described herein. In case of conflict, the present
specification, including definitions, will prevail. Further, the materials, methods, and examples are illustrative only and
are not intended to be limiting, unless otherwise specified.

[0035] The practice of the present invention will employ, unless otherwise indicated, conventional techniques of cell
biology, cell culture, molecular biology, transgenic biology, microbiology, recombinant DNA, and immunology, which are
within the skill of the art. Such techniques are explained fully in the literature. See, for example, Current Protocols in
Molecular Biology (Frederick M. AUSUBEL, 2000, Wiley and son Inc, Library of Congress, USA); Molecular Cloning: A
Laboratory Manual, Third Edition, (Sambrook et al, 2001, Cold Spring Harbor, New York: Cold Spring Harbor Laboratory
Press); Oligonucleotide Synthesis (M. J. Gait ed., 1984); Mullis et al. U.S. Pat. No. 4,683,195; Nucleic Acid Hybridization
(B. D. Harries & S. J. Higgins eds. 1984); Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture
Of Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal,
A Practical Guide To Molecular Cloning (1984); the series, Methods In ENZYMOLOGY (J. Abelson and M. Simon, eds.-
in-chief, Academic Press, Inc., New York), specifically, Vols.154 and 155 (Wu et al. eds.) and Vol. 185, "Gene Expression
Technology” (D. Goeddel, ed.); Gene Transfer Vectors For Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987,
Cold Spring Harbor Laboratory); Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds.,
Academic Press, London, 1987); Handbook Of Experimental Immunology, Volumes I-1V (D. M. Weir and C. C. Blackwell,
eds., 1986); and Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y,,
1986).

Methods for preparing engineered T-cells

[0036] In a general aspect, the present invention pertains to methods for preparing engineered T-cells, in particular
allogeneic T-cells obtained from a donor.

[0037] Accordingly, the present invention provides a method for preparing an engineered T-cell, preferably an
allogeneic T-cell obtained from a donor, said method comprises the steps of:
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1. a) inhibiting the expression of beta 2-microglobulin (B2M) and/or class Il major histocompatibility complex
transactivator (CIITA) in said T-cell that has been provided;

2. b) inactivating at least one gene encoding a component of the T cell receptor (TCR) in said T-cell; and

3. ¢) introducing into said T-cell an exogenous nucleic acid molecule comprising a nucleotide sequence coding for a
Chimeric Antigen Receptor (CAR) directed against at least one antigen expressed at the surface of a malignant or
infected cell.

[0038] According to certain embodiments, the method comprises inhibiting the expression of beta 2-microglobulin
(B2M). Alternatively, or in addition, the method may comprise inhibiting the expression of class Il major histocompatibility
complex transactivator (CIITA).

[0039] According to certain embodiments, inhibition of expression of B2M is achieved by a genome modification, more
particularly through the expression in the T-cell of a rare-cutting endonuclease able to selectively inactivate by DNA
cleavage the gene encoding B2M (e.g. the human B2m gene set forth in SEQ ID NO: 2).

[0040] According to certain other embodiments, inhibition of expression of CIITA is achieved by a genome modification,
more particularly through the expression in the T-cell of a rare-cutting endonuclease able to selectively inactivate by
DNA cleavage the gene encoding CIITA (e.g. the human CIITA gene).

[0041] By "inactivating” or "inactivation of" a gene it is intended that the gene of interest (e.g. the gene encoding B2M or
CIITA) is not expressed in a functional protein form. In particular embodiments, the genetic modification of the method
relies on the expression, in provided cells to engineer, of a rare-cutting endonuclease such that same catalyzes
cleavage in one targeted gene thereby inactivating said targeted gene. The nucleic acid strand breaks caused by the
endonuclease are commonly repaired through the distinct mechanisms of homologous recombination or non-
homologous end joining (NHEJ). However, NHEJ is an imperfect repair process that often results in changes to the DNA
sequence at the site of the cleavage. Mechanisms involve rejoining of what remains of the two DNA ends through direct
re-ligation (Critchlow and Jackson 1998) or via the so-called microhomology-mediated end joining (Betts, Brenchley et
al. 2003; Ma, Kim et al. 2003). Repair via non-homologous end joining (NHEJ) often results in small insertions or
deletions and can be used for the creation of specific gene knockouts. Said modification may be a substitution, deletion,
or addition of at least one nucleotide. Cells in which a cleavage-induced mutagenesis event, i.e. a mutagenesis event
consecutive to an NHEJ event, has occurred can be identified and/or selected by well-known method in the art.

[0042] A rare-cutting endonuclease to be used in accordance of the present invention to inactivate the 2m gene may,
for instance, be a TAL-nuclease, meganuclease, zing-finger nuclease (ZFN), or RNA guided endonuclease (such as
Cas9).

[0043] According to a particular embodiment, the rare-cutting endonuclease is a TAL-nuclease.

[0044] According to another particular embodiment, the rate-cutting endonuclease is a homing endonuclease, also
known under the name of meganuclease.

[0045] According to another particular embodiment, the rare-cutting endonuclease is a zing-finger nuclease (ZNF).

[0046] According to another particular embodiment, the rare-cutting endonuclease is a RNA guided endonuclease.
According to a preferred embodiment, the RNA guided endonuclease is the Cas9/CRISPR complex.

[0047] According to a specific embodiment, the rare-cutting endonuclease is a TAL-nuclease encoded by a nucleic acid
molecule comprising the nucleotide sequence set for in SEQ ID NO: 67. According to another specific embodiment, the
rare-cutting endonuclease is a TAL-nuclease encoded by a nucleic acid molecule comprising the nucleotide sequence
set for in SEQ ID NO: 68. In yet another specific embodiment, the rare-cutting endonuclease is a combination of a TAL-
nuclease encoded by a nucleic acid molecule comprising the nucleotide sequence set for in SEQ ID NO: 67 and a TAL-
nuclease encoded by a nucleic acid molecule comprising the nucleotide sequence set for in SEQ ID NO: 68.

[0048] In order to be expressed in the T-cell, said rare-cutting endonuclease may be introduced into the cell by way of
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an exogenous nucleic acid molecule comprising a nucleotide sequence encoding said rare-cutting endonuclease.
According to particular embodiments, the method of the invention further comprises introducing into said T-cell an
exogenous nucleic acid molecule comprising a nucleotide sequence coding for a rare-cutting endonuclease, preferably
a rare-cutting endonuclease able to selectively inactivate by DNA cleavage the gene encoding B2M (e.g. the human
B2m gene set forth in SEQ ID NO: 2). For example, the exogenous nucleic acid molecule may comprising the nucleotide
sequence set for in SEQ ID NO: 67 or SEQ ID NO: 68.

[0049] As a result, an engineered T-cell is obtained which expresses a rare-cutting endonuclease, preferably a rare-
cutting endonuclease able to selectively inactivate by DNA cleavage the gene encoding B2M. In consequence,
inactivation of the B2M gene by said rare-cutting endonuclease leads to the inhibition of the expression of B2M in the
engineered T-cell. Hence, an engineered T-cell is obtained which is characterized in that the expression of B2M is
inhibited.

[0050] A rare-cutting endonuclease to be used in accordance of the present invention to inactivate the CIITA gene may,
for instance, be a TAL-nuclease, meganuclease, zing-finger nuclease (ZFN), or RNA guided endonuclease (such as
Cas9).

[0051] According to a particular embodiment, the rare-cutting endonuclease is a TAL-nuclease.

[0052] According to another particular embodiment, the rate-cutting endonuclease is a homing endonuclease, also
known under the name of meganuclease.

[0053] According to another particular embodiment, the rare-cutting endonuclease is a zing-finger nuclease (ZNF).

[0054] According to another particular embodiment, the rare-cutting endonuclease is a RNA guided endonuclease.
According to a preferred embodiment, the RNA guided endonuclease is the Cas9/CRISPR complex.

[0055] In order to be expressed in the T-cell, said rare-cutting endonuclease may be introduced into the cell by way of
an exogenous nucleic acid molecule comprising a nucleotide sequence encoding said rare-cutting endonuclease.
According to particular embodiments, the method of the invention further comprises introducing into said T-cell an
exogenous nucleic acid molecule comprising a nucleotide sequence coding for a rare-cutting endonuclease, preferably
a rare-cutting endonuclease able to selectively inactivate by DNA cleavage the gene encoding CIITA (e.g. the human
CIITA gene).

[0056] As a result, an engineered T-cell is obtained which expresses a rare-cutting endonuclease, preferably a rare-
cutting endonuclease able to selectively inactivate by DNA cleavage the gene encoding CIITA. In consequence,
inactivation of the CIITA gene by said rare-cutting endonuclease leads to the inhibition of the expression of CIITA in the
engineered T-cell. Hence, an engineered T-cell is obtained which is characterized in that the expression of CIITA is
inhibited. According to certain other embodiments, inhibition of expression of B2M is achieved by using (e.g., introducing
into the T-cell) a nucleic acid molecule that specifically hybridizes (e.g. binds) under cellular conditions with the cellular
mRNA and/or genomic DNA encoding B2M, thereby inhibiting transcription and/or translation of the gene. In accordance
with particular embodiments, the inhibition of expression of B2M is achieved by using (e.g., introducing into the T-cell)
an antisense oligonucleotide, ribozyme or interfering RNA (RNAi) molecule.

[0057] According to a particular embodiment, the nucleic acid molecule is an antisense oligonucleotide.

[0058] According to other particular embodiments, the nucleic acid molecule is a ribozyme, preferably a hammerhead
ribozyme.

[0059] According to other particular embodiments, the nucleic acid is an interfering RNA (RNAi) molecule, such as a
micro RNA (miRNA), small interfering RNA (siRNA) or short hairpin RNA (shRNA). Hence, in accordance with a
preferred embodiment, the nucleic acid molecule is a micro RNA. In accordance with another preferred embodiment,
the nucleic acid molecule is a small interfering RNA. In accordance with another preferred embodiment, the nucleic acid
molecule is a short hairpin RNA.
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[0060] As a result, an engineered T-cell is obtained which is characterized in that the expression of B2M is inhibited.

[0061] Because B2M is an important structural component of the major histocompatibility complex (MHC), inhibition of
B2M expression leads to a reduction or elimination of MHC molecules on the surface of the engineered T-cell. In
consequence, the engineered T-cell no longer presents antigens on the surface which are recognized by CD8+ cells.
Especially in case of an allogeneic T-cell obtained from a donor, reduction or elimination of nonself-antigen presenting
MHC molecules on the surface of the T-cell prevents the engineered T-cell, when infused into an allogeneic host, from
being recognized by the host CD8+ cells. This makes the engineered T-cell particular suitable for allogeneic
transplantations, especially because it reduces the risk of rejection by the host's immune system.

[0062] According to certain other embodiments, inhibition of expression of CIITA is achieved by using (e.g., introducing
into the T-cell) a nucleic acid molecule that specifically hybridizes (e.g. binds) under cellular conditions with the cellular
mRNA and/or genomic DNA encoding CIITA, thereby inhibiting transcription and/or translation of the gene. In
accordance with particular embodiments, the inhibition of expression of CIITA is achieved by using (e.g., introducing into
the T-cell) an antisense oligonucleotide, ribozyme or interfering RNA (RNAi) molecule.

[0063] According to a particular embodiment, the nucleic acid molecule is an antisense oligonucleotide.

[0064] According to other particular embodiment, the nucleic acid molecule is a ribozyme, preferably a hammerhead
ribozyme.

[0065] According to other particular embodiment, the nucleic acid is an interfering RNA (RNAi) molecule, such as a
micro RNA (miRNA), small interfering RNA (siRNA) or short hairpin RNA (shRNA). Hence, in accordance with a
preferred embodiment, the nucleic acid molecule is a micro RNA. In accordance with another preferred embodiment,
the nucleic acid molecule is a small interfering RNA. In accordance with another preferred embodiment, the nucleic acid
molecule is a short hairpin RNA.

[0066] As a result, an engineered T-cell is obtained which is characterized in that the expression of CIITA is inhibited.

[0067] The engineered T-cell of the present invention is further characterized in that it does not express a functional T-
cell receptor (TCR) on its cell surface. T-cell receptors are cell surface receptors that participate in the activation of T
cells in response to the presentation of antigen. The TCR is generally made from two chains, alpha and beta, which
assemble to form a heterodimer and associates with the CD3-transducing subunits to form the T-cell receptor complex
present on the cell surface. Each alpha and beta chain of the TCR consists of an immunoglobulin-like N-terminal
variable (V) and constant (C) region, a hydrophobic transmembrane domain, and a short cytoplasmic region. As for
immunoglobulin molecules, the variable region of the alpha and beta chains are generated by V(D)J recombination,
creating a large diversity of antigen specificities within the population of T cells. However, in contrast to immunoglobulins
that recognize intact antigen, T-cells are activated by processed peptide fragments in association with an MHC
molecule, introducing an extra dimension to antigen recognition by T cells, known as MHC restriction. Recognition of
MHC disparities between the donor and recipient through the T-cell receptor leads to T-cell proliferation and the
potential development of graft versus host disease (GVHD). It has been shown that normal surface expression of the
TCR depends on the coordinated synthesis and assembly of all seven components of the complex (Ashwell and Klusner
1990). The inactivation of TCR alpha or TCR beta can result in the elimination of the TCR from the surface of T-cells
preventing recognition of alloantigen and thus GVHD. The inactivation of at least one gene coding for a TCR component
thus renders the engineered T-cell less alloreactive. By "inactivating” or "inactivation of" a gene it is meant that the gene
of interest (e.g., at least one gene coding for a TCR component) is not expressed in a functional protein form.

[0068] Therefore, the method of the present invention in accordance with particular embodiments further comprises
inactivating at least one gene encoding a component of the T-cell receptor. More particularly, the inactivation is
achieved by using (e.g., introducing into the T-cell) a rare-cutting endonuclease able to selectively inactivate by DNA
cleavage, preferably double-strand break, at least one gene encoding a component of the T-Cell receptor (TCR).
According to particular embodiments, the rare-cutting endonuclease is able to selectively inactivate by DNA cleavage
the gene coding for TCR alpha or TCR beta. According to a preferred embodiment, the rare-cutting endonuclease is
able to selectively inactivate by DNA cleavage the gene coding for TCR alpha. Especially in case of an allogeneic T-cell
obtained from a donor, inactivating of at least one gene encoding a component of TCR, notably TCR alpha, leads to
engineered T-cells, when infused into an allogeneic host, which are non-alloreactive. This makes the engineered T-cell
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particular suitable for allogeneic transplantations, especially because it reduces the risk of graft versus host disease.

[0069] A rare-cutting endonuclease to be used in accordance of the present invention to inactivate at least one gene
encoding a component of the T-cell receptor may, for instance, be a TAL-nuclease, meganuclease, zing-finger nuclease
(ZFN), or RNA guided endonuclease (such as Cas9).

[0070] According to a particular embodiment, the rare-cutting endonuclease is a TAL-nuclease.

[0071] According to another particular embodiment, the rate-cutting endonuclease is a homing endonuclease, also
known under the name of meganuclease.

[0072] According to another particular embodiment, the rare-cutting endonuclease is a zing-finger nuclease (ZNF).

[0073] According to another particular embodiment, the rare-cutting endonuclease is a RNA guided endonuclease.
According to a preferred embodiment, the RNA guided endonuclease is the Cas9/CRISPR complex.

[0074] In order to be expressed in the T-cell, said rare-cutting endonuclease may be introduced into the cell by way of
an exogenous nucleic acid molecule comprising a nucleotide sequence encoding said rare-cutting endonuclease.
According to particular embodiments, the method of the invention further comprises introducing into said T-cell an
exogenous nucleic acid molecule comprising a nucleotide sequence coding for a rare-cutting endonuclease able to
selectively inactivate by DNA cleavage, preferably double-strand break, at least one gene encoding a component of the
T-cell receptor (TCR).

[0075] As a result, an engineered T-cell is obtained which further expresses a rare-cutting endonuclease able to
selectively inactivate by DNA cleavage at least one gene encoding a component of the T-cell receptor (TCR). In
consequence, an engineered T-cell is obtained which is characterized in that at least at least one gene encoding a
component of the T-cell receptor (TCR) is inactivated.

[0076] The engineered T-cell of the present invention further expresses a Chimeric Antigen Receptor (CAR) directed
against at least one antigen expressed at the surface of a malignant or infected cell. Hence, the method of the invention
further comprises introducing into said T-cell an exogenous nucleic acid molecule comprising a nucleotide sequence
coding for a Chimeric Antigen Receptor (CAR) directed against at least one antigen expressed at the surface of a
malignant or infected cell.

[0077] The T-cell to be modified according to the present invention may be any suitable T-cell. For example, the T-cell
can be an inflammatory T-lymphocyte, cytotoxic T-lymphocyte, regulatory T-cell or helper T-lymphocyte. Particularly, the
T-cell is a cytotoxic T-lymphocyte. In certain embodiments, said T-cell is selected from CD4+ T-lymphocytes and CD8+
T-lymphocytes. They can be extracted from blood or derived from stem cells. The stem cells can be adult stem cells,
embryonic stem cells, more particularly non-human stem cells, cord blood stem cells, progenitor cells, bone marrow
stem cells, induced pluripotent stem cells, totipotent stem cells or hematopoietic stem cells. Representative human cells
are CD34+ cells. In particular embodiments, the T-cell to be modified according to the present invention is a human T-
cell. Prior to expansion and genetic modification of the cells of the invention, a source of cells can be obtained from a
subject, such as a patient, through a variety of non-limiting methods. T-cell can be obtained from a number of non-
limiting sources, including peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus
tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. In certain embodiments of the
present invention, any number of T cell lines available and known to those skilled in the art, may be used. In another
embodiment, said cell can be derived from a healthy donor, from a patient diagnosed with cancer or from a patient
diagnosed with an infection. In another embodiment, said cell is part of a mixed population of cells which present
different phenotypic characteristics.

Rare-cutting endonuclease

[0078] In accordance with certain embodiments of the present invention, rare-cutting endonucleases are employed
which are able to selectively inactivate by DNA cleavage the gene of interest, such as the gene encoding B2M.
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[0079] The term "rare-cutting endonuclease” refers to a wild type or variant enzyme capable of catalyzing the hydrolysis
(cleavage) of bonds between nucleic acids within a DNA or RNA molecule, preferably a DNA molecule. Particularly, said
nuclease can be an endonuclease, more preferably a rare-cutting endonuclease which is highly specific, recognizing
nucleic acid target sites ranging from 10 to 45 base pairs (bp) in length, usually ranging from 10 to 35 base pairs in
length, more usually from 12 to 20 base pairs. The endonuclease according to the present invention recognizes at
specific polynucleotide sequences, further referred to as "target sequence” and cleaves nucleic acid inside these target
sequences or into sequences adjacent thereto, depending on the molecular structure of said endonuclease. The rare-
cutting endonuclease can recognize and generate a single- or double-strand break at specific polynucleotides
sequences.

[0080] In particular embodiments, said rare-cutting endonuclease according to the present invention is a RNA-guided
endonuclease such as the Cas9/CRISPR complex. RNA guided endonucleases constitute a new generation of genome
engineering tool where an endonuclease associates with a RNA molecule. In this system, the RNA molecule nucleotide
sequence determines the target specificity and activates the endonuclease (Gasiunas, Barrangou et al. 2012; Jinek,
Chylinski et al. 2012; Cong, Ran et al. 2013; Mali, Yang et al. 2013). Cas9, also named Csn1 is a large protein that
participates in both crRNA biogenesis and in the destruction of invading DNA. Cas9 has been described in different
bacterial species such as S. thermophiles, Listeria innocua (Gasiunas, Barrangou et al. 2012; Jinek, Chylinski et al.
2012) and S. Pyogenes (Deltcheva, Chylinski et al. 2011). The large Cas9 protein (>1200 amino acids) contains two
predicted nuclease domains, namely HNH (McrA-like) nuclease domain that is located in the middle of the protein and a
splitted RuvC-like nuclease domain (RNase H fold). Cas9 variant can be a Cas9 endonuclease that does not naturally
exist in nature and that is obtained by protein engineering or by random mutagenesis. Cas9 variants according to the
invention can for example be obtained by mutations i.e. deletions from, or insertions or substitutions of at least one
residue in the amino acid sequence of a S. pyogenes Cas9 endonuclease (COG3513).

[0081] In other particular embodiments, said rare-cutting endonuclease can also be a homing endonuclease, also
known under the name of meganuclease. Such homing endonucleases are well-known to the art (Stoddard 2005).
Homing endonucleases are highly specific, recognizing DNA target sites ranging from 12 to 45 base pairs (bp) in length,
usually ranging from 14 to 40 bp in length. The homing endonuclease according to the invention may for example
correspond to a LAGLIDADG endonuclease, to a HNH endonuclease, or to a GIY-YIG endonuclease. Preferred homing
endonuclease according to the present invention can be an /-Cre/ variant. A "variant” endonuclease, i.e. an
endonuclease that does not naturally exist in nature and that is obtained by genetic engineering or by random
mutagenesis can bind DNA sequences different from that recognized by wild-type endonucleases (see international
application WO2006/097854).

[0082] In other particular embodiments, said rare-cutting endonuclease can be a "Zinc Finger Nucleases" (ZFNs),
which are generally a fusion between the cleavage domain of the type IIS restriction enzyme, Fokl, and a DNA
recognition domain containing 3 or more C2H2 zinc finger motifs. The heterodimerization at a particular position in the
DNA of two individual ZFNs in precise orientation and spacing leads to a double-strand break (DSB) in the DNA. The
use of such chimeric endonucleases have been extensively reported in the art as reviewed by Umnov et al. (Genome
editing with engineered zinc finger nucleases (2010) Nature reviews Genetics 11:636-646). Standard ZFNs fuse the
cleavage domain to the C-terminus of each zinc finger domain. In order to allow the two cleavage domains to dimerize
and cleave DNA, the two individual ZFNs bind opposite strands of DNA with their C-termini a certain distance apart. The
most commonly used linker sequences between the zinc finger domain and the cleavage domain requires the 5' edge of
each binding site to be separated by 5 to 7 bp. The most straightforward method to generate new zinc-finger arrays is
to combine smaller zinc-finger "modules” of known specificity. The most common modular assembly process involves
combining three separate zinc fingers that can each recognize a 3 base pair DNA sequence to generate a 3-finger array
that can recognize a 9 base pair target site. Numerous selection methods have been used to generate zinc-finger
arrays capable of targeting desired sequences. Initial selection efforts utilized phage display to select proteins that
bound a given DNA target from a large pool of partially randomized zinc-finger arrays. More recent efforts have utilized
yeast one-hybrid systems, bacterial one-hybrid and two-hybrid systems, and mammalian cells.

[0083] In other particular embodiments, said rare-cutting endonuclease is a "TALE-nuclease" or a "MBBBD-nuclease"
resulting from the fusion of a DNA binding domain typically derived from Transcription Activator Like Effector proteins
(TALE) or from a Modular Base-per-Base Binding domain (MBBBD), with a catalytic domain having endonuclease
activity. Such catalytic domain usually comes from enzymes, such as for instance I-Tevl, ColE7, NucA and Fok-I. TALE-
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nuclease can be formed under monomeric or dimeric forms depending of the selected catalytic domain
(WO2012138927). Such engineered TALE-nucleases are commercially available under the trade name TALEN™
(Cellectis, 8 rue de la Croix Jarry, 75013 Paris, France). In general, the DNA binding domain is derived from a
Transcription Activator like Effector (TALE), wherein sequence specificity is driven by a series of 33-35 amino acids
repeats originating from Xanthomonas or Ralsfonia bacterial proteins AvrBs3, PthXo1, AvrHah1, PthA, Tallc as non-
limiting examples. These repeats differ essentially by two amino acids positions that specify an interaction with a base
pair (Boch, Scholze et al. 2009; Moscou and Bogdanove 2009). Each base pair in the DNA target is contacted by a
single repeat, with the specificity resulting from the two variant amino acids of the repeat (the so-called repeat variable
dipeptide, RVD). TALE binding domains may further comprise an N-terminal translocation domain responsible for the
requirement of a first thymine base (T0) of the targeted sequence and a C-terminal domain that containing a nuclear
localization signals (NLS). A TALE nucleic acid binding domain generally corresponds to an engineered core TALE
scaffold comprising a plurality of TALE repeat sequences, each repeat comprising a RVD specific to each nucleotides
base of a TALE recognition site. In the present invention, each TALE repeat sequence of said core scaffold is made of
30 to 42 amino acids, more preferably 33 or 34 wherein two critical amino acids (the so-called repeat variable dipeptide,
RVD) located at positions 12 and 13 mediates the recognition of one nucleotide of said TALE binding site sequence;
equivalent two critical amino acids can be located at positions other than 12 and 13 specially in TALE repeat sequence
taller than 33 or 34 amino acids long. Preferably, RVDs associated with recognition of the different nucleotides are HD
for recognizing C, NG for recognizing T, NI for recognizing A, NN for recognizing G or A. In another embodiment, critical
amino acids 12 and 13 can be mutated towards other amino acid residues in order to modulate their specificity towards
nucleotides A, T, C and G and in particular to enhance this specificity. A TALE nucleic acid binding domain usually
comprises between 8 and 30 TALE repeat sequences. More preferably, said core scaffold of the present invention
comprises between 8 and 20 TALE repeat sequences; again more preferably 15 TALE repeat sequences. It can also
comprise an additional single truncated TALE repeat sequence made of 20 amino acids located at the C-terminus of
said set of TALE repeat sequences, i.e. an additional C-terminal half- TALE repeat sequence. Other modular base-per-
base specific nucleic acid binding domains (MBBBD) are described in WO 2014/018601. Said MBBBD can be
engineered, for instance, from newly identified proteins, namely EAV36_BURRH, ESAW43_BURRH, E5SAW45_BURRH
and E5AW46_BURRH proteins from the recently sequenced genome of the endosymbiont fungi Burkholderia
Rhizoxinica. These nucleic acid binding polypeptides comprise modules of about 31 to 33 amino acids that are base
specific. These modules display less than 40 % sequence identity with Xanthomonas TALE common repeats and
present more polypeptides sequence variability. The different domains from the above proteins (modules, N and C-
terminals) from Burkholderia and Xanthomonas are useful to engineer new proteins or scaffolds having binding
properties to specific nucleic acid sequences and may be combined to form chimeric TALE-MBBBD proteins.

Inhibitory nucleic acid molecules

[0084] In accordance with certain other embodiments of the present invention, nucleic acid molecules are employed
which inhibit the expression of B2M. More particularly, the nucleic acid may be an antisense oligonucleotide, ribozyme
or interfering RNA (RNAi) molecule. Preferably, such nucleic acid molecule comprises at least 10 consecutive
nucleotides of the complement of SEQ ID NO: 3.

[0085] According to particular embodiments, the inhibitory nucleic acid is an antisense oligonucleotide which inhibits the
expression of B2M. Such antisense oligonucleotide is an nucleic acid (either DNA or RNA) which specifically hybridizes
(e.g. binds) under cellular conditions with the cellular mRNA and/or genomic DNA encoding B2M, thereby inhibiting
transcription and/or translation of the gene. The binding may be by conventional base pair complementarity.
Alternatively, the binding may be, for example, in case of binding to DNA duplexes, through specific interactions in the
major groove of the double helix. Absolute complementarity, although preferred, is not required.

[0086] Also contemplated by the present invention is that nucleic acid molecules are employed which inhibit the
expression of CIITA. More particularly, the nucleic acid may be an antisense oligonucleotide, ribozyme or interfering
RNA (RNAi) molecule. Preferably, such nucleic acid molecule comprises at least 10 consecutive nucleotides of the
complement of SEQ ID NO: 5.

[0087] Antisense oligonucleotides employed according to the invention may be DNA or RNA or chimeric mixtures or
derivatives or modified versions thereof, and may be single-stranded or double stranded. Thus, according to a preferred
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embodiment, the antisense oligonucleotide is a single-stranded or double-stranded DNA molecule, more preferably a
double-stranded DNA molecule. According to another preferred embodiment, the antisense oligonucleotide is a single-
stranded or double-stranded RNA molecule, more preferably a single-stranded RNA molecule.

[0088] According to preferred embodiments, the antisense oligonucleotide is a modified oligonucleotide which is
resistant to endogenous nucleases, e.g., exonucleases and/or endonucleases, and is therefore stable in vivo and in
vitro.

[0089] The antisense oligonucleotide may be modified at the base moiety, sugar moiety, or phosphate backbone, for
example, to improve stability of the molecule. The antisense oligonucleotide may include other appended groups such
as peptides (e.g., for targeting host cell receptors), or agents facilitating transport across the cell membrane. Hence, the
antisense oligonucleotide may be conjugated to another molecule such as a peptide or transport agent.

[0090] According to particular embodiments, the antisense oligonucleotide comprises at least one modified base moiety
which is selected from the group including, but not limited to, 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil,
hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxytriethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine,
5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1-
methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-
methylcytosine, N6-adenine, 7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D-
mannosylqueosine, 5-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, uracil-5-
oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil,
5-methyluracil, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2-
carboxypropyl) uracil, (acp3)w and 2,6-diaminopurine.

[0091] According to other particular embodiments, the antisense oligonucleotide comprise at least one modified sugar
moiety selected from the group including, but not limited to, arabinose, 2-fluoroarabinose, xylulose and hexose.

[0092] According to other particular embodiments, the antisense oligonucleotide comprises at least one modified
phosphate backbone selected from the group including, but not limited to, a phosphorothioate, a phosphorodithioate, a
phosphoramidothioate, a phosphoramidate, a phosphordiamidate, a methylphosphonate, an alkyl phosphotriester, and
a formacetal or analog thereof.

[0093] An antisense oligonucleotide may be delivered into the cell, for example, in form of an expression vector, such as
a plasmid or viral vector, which, when transcribed in the cells, produces RNA which is complementary to at least a
unique portion of the cellular mRNA for B2M. Alternatively, the antisense oligonucleotide may be generated ex vivo and
introduced into the cell by any known means in the art. The antisense oligonucleotide may be synthesise ex vivo by
standard method known in the art, e.g., by use of an automated DNA synthesizer (such as automated DNA synthesizer
are commercially available from, e.g., Applied Biosystems). A number of methods have been developed for delivering
antisense DNA or RNA to cells, e.g. by direct injection or through modification designed to target the desired cell (e.g.,
using antisense oligonucleotides linked to peptides or antibodies that specifically bind receptors or antigens expressed
on the target cell surface.

[0094] According to preferred embodiments, a recombinant DNA vector is used in which a nucleotide sequence coding
for an antisense oligonucleotide inhibiting the expression of B2M or CIITA is placed under the control of a promoter,
such as a strong pol lll or pol Il promoter. The use of such a construct to transfect a target cell, such as a T-cell, will
result in the transcription of a sufficient amount of single-stranded RNA that will form complementary base pairs with the
endogenous transcript and thereby prevent translation of the B2M or CITA mRNA. In accordance with these
embodiments, a DNA vector comprising the nucleotide sequence encoding the antisense oligonucleotide is introduced
into the cell where the transcription of an antisense RNA occurs. Such vector can remain episomal or be chromosomally
integrated, as long as it can be transcribed to produce the antisense RNA. The expression of the sequence encoding
the antisense RNA can be by any promoter known in the art to act in mammalian, preferably human cells. Such
promoter can be inducible or constitutive. Exemplary promoters include, but are not limited to, the SV40 early promoter
region, the promoter containing the 3' long terminal repeat of Rous sarcoma virus, the herpes thymidine promoter, and
the regulatory sequences of the methallothionein gene.

[0095] Alternatively, antisense cDNA constructs that synthesize antisense RNA constitutively or inducibly, depending on
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the promoter used, can be introduced into the cell.

[0096] According to preferred embodiments, the antisense oligonucleotide comprises at least 10 consecutive
nucleotides of the complement of SEQ ID NO: 3. In case of a double stranded molecule, such double-stranded
antisense oligonucleotide comprises a first strand comprising at least 10 consecutive nucleotide of SEQ ID NO: 3, and a
second strand complementary to said first strand. In case of a single-stranded molecule, such single-stranded
oligonucleotide comprises at least 10 consecutive nucleotides of the complement of SEQ ID NO: 3.

[0097] According to other preferred embodiments, the antisense oligonucleotide comprises at least 10 consecutive
nucleotides of the complement of SEQ ID NO: 5. In case of a double stranded molecule, such double-stranded
antisense oligonucleotide comprises a first strand comprising at least 10 consecutive nucleotide of SEQ ID NO: 5, and a
second strand complementary to said first strand. In case of a single-stranded molecule, such single-stranded
oligonucleotide comprises at least 10 consecutive nucleotides of the complement of SEQ ID NO: 5.

[0098] The antisense oligonucleotide may comprise a nucleotide sequence complementary to a non-coding or a coding
region of the B2M or CIITA mRNA. According to preferred embodiments, the antisense oligonucleotide comprises a
nucleotide sequence complementary to the 5' end of the B2M or CIITA mRNA, e.g., the 5' untranslated sequence up to
and including the AUG initiation codon. According to other preferred embodiments, the antisense oligonucleotide
comprises a nucleotide sequence complementary to the 3' untranslated sequence of the B2M or CIITA mRNA.
According to other preferred embodiments, the antisense oligonucleotide comprises a nucleotide sequence
complementary to the coding region of the B2M or CIITA mRNA. Whether designed to hybridize to the 5', 3' or coding
region of the B2M or CIITA mRNA, an antisense oligonucleotide should be at least six nucleotides in length, preferably
at least 10 nucleotide in length, and is preferably less than about 100, and more preferably less than about 50, 25, 20,
15 or 10 nucleotides in length. According to preferred embodiments, the antisense oligonucleotide is 6 to 25, such as 10
to 25 nucleotides in length.

[0099] In accordance with other particular embodiments, a ribozyme molecule designed to catalytically cleave the B2M
or CIITA mRNA transcript is used to prevent translation and expression of B2M or CIITA in the T-cell, respectively (see,
e.g., WO 90/11364 and US 5,093,246 for general guidance). According to preferred embodiments, the ribozyme is a
hammerhead ribozyme. Hammerhead ribozymes cleave mRNAs at locations dictated by flanking regions that form
complementary base pairs with the target mRNA, e.g. the B2M mRNA, such as the human B2M mRNA set forth in SEQ
ID NO: 3. The sole requirement is that the target mRNA has the following sequence of two bases : 5-UG-3'. The
constructions and production of hammerhead ribozymes is well known in the art and is described in more detail in
Haseloff and Gerlach (1988). In accordance with preferred embodiments, the ribozyme is engineered such that the
cleavage recognition site is located near the 5' end of the B2M mRNA. In accordance with preferred other
embodiments, the ribozyme is engineered such that the cleavage recognition site is located near the 5' end of the CIITA
mRNA. This increases the efficiency and minimizes the intracellular accumulation of non-functional mRNA transcripts.

[0100] Like with antisense oligonucleotides, a riboyzme used in accordance with the invention may be composed of
modified oligonucleotides to, e.g., improve stability. The ribozyme may be delivered to the cell by any means known in
the art. The ribozyme may be delivered to the T-cell in form of an expression vector, such as a plasmid or viral vector,
which, when transcribed in the cells, produces the ribozyme. According to preferred embodiments, a recombinant DNA
vector is used in which a nucleotide sequence coding for the ribozyme is placed under the control of a promoter, such
as a strong pol Il or pol Il promoter, so that a transfected cell will produce sufficient amounts of the ribozyme to destroy
endogenous mMRNA and inhibit translation. Because riboyzmes, unlike antisense oligonucleotides, are cataylitc, a lower
intracellular concentration is required for efficiency.

[0101] In accordance with other particular embodiments, the inhibitory nucleic acid is an interfering RNA (RNAI)
molecule. RNA interference is a biological process in which RNA molecules inhibit gene expression, typically causing the
destruction of specific MRNA. Exemplary types of RNAi molecules include microRNA (miRNA), small interfering RNA
(siRNA) and short hairpin RNA (shRNA). According to a preferred embodiment, the RNAiI molecule is a miRNA.
According to another preferred embodiment, the RNAi molecule is a siRNA. According to yet another preferred
embodiment, the RNAi molecule is a shRNA. The production of RNAi molecules in vivo and in vitro and their methods of
use are described in, e.g., US6,506,559, WO 01/36646, WO 00/44895, US2002/01621126, US2002/0086356,
US2003/0108923, WO 02/44321, WO 02/055693, WO 02/055692 and WO 03/006477.
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[0102] In accordance with a preferred embodiment, the RNAi molecule is an interfering RNA complementary to SEQ ID
NO: 3. In accordance to another preferred embodiment, the RNAi molecule is a ribonucleic acid molecule comprising at
least 10 consecutive nucleotides of the complement of SEQ ID NO: 3. In accordance with another preferred
embodiment, the RNAiI molecule is a double-stranded ribonucleic acid molecule comprising a first strand identical to 20
to 25, such as 21 to 23, consecutive nucleotides of SEQ ID NO: 3, and a second strand complementary to said first
strand.

[0103] In accordance with a preferred embodiment, the RNAi molecule is an interfering RNA complementary to SEQ ID
NO: 5. In accordance to another preferred embodiment, the RNAi molecule is a ribonucleic acid molecule comprising at
least 10 consecutive nucleotides of the complement of SEQ ID NO: 5. In accordance with another preferred
embodiment, the RNAiI molecule is a double-stranded ribonucleic acid molecule comprising a first strand identical to 20
to 25, such as 21 to 23, consecutive nucleotides of SEQ ID NO: 5, and a second strand complementary to said first
strand.

Engineering of the PD1/PDL1 pathway of T-cell requlation

[0104] The present invention aims at facilitating the engraftment of T-cells, especially allogeneic T-cells, by inhibiting the
expression of B2M and/or CIITA in combination with inactivation of TCR.

[0105] In combination with this approach, the inventors have found that T-cells can be disrupted for PD1 (Programmed
cell death protein 1, also known as PD1; PD-1; CD279; SLEB2; hPD-1; hPD-I or hSLE1), which is a 288 amino acid cell
surface protein molecule encoded by the PDCD1 gene (NCBI - NC_000002.12). This protein is expressed on T cells
and pro-B cells and has been found to negatively regulate T-cell responses (Carter L., et al., 2002). The formation of
PD-1 receptor / PD-L1 ligand complex transmits an inhibitory signal, which reduces the proliferation of T-cells.

[0106] Programmed death ligand 1 (PD-L1) is a 40kDa type 1 transmembrane protein that is deemed to play a major
role in suppressing the immune system during particular events such as pregnancy, tissue allografts, autoimmune
disease and other disease states such as hepatitis. PDL-1 (also called CD274 or B7H1) is encoded by CD274 gene
(NCBI - NM_014143).

[0107] According to a particular aspect, the expression of both PD-1 and TCR are inhibited in the engineered T-cells of
the invention, which has the dual effect of activating the T-cells as part of an allogeneic transplantation. However, the
inactivation or inhibition of PD-1 can be also implemented as part of an autologous transplantation of T-cells, where the
inhibition or disruption of TCR would not be required.

[0108] According to a further aspect of the invention, the inhibition or disruption of PD1 is combined with the over-
expression of its ligand PDL-1 in the transplanted T-cells. This over-expression can be obtained, for instance, upon
lentiviral or retroviral transformation in T-cells, in which PD-1 is inhibited or disrupted, or by any other means reported in

the art. Accordingly, PDL1 that is over-expressed by the T-cells will not affect the [PD1°] transplanted cells, but only the

[PD1 *] T-cells from the patient. As a result, the T-cells from the patient are inhibited and do not activate against the
transplanted cells, which facilitates their engraftment and persistence into the host.

[0109] According to a preferred embodiment, the invention provides engineered T-cells which are [PD1°][TCR], while
overexpressing PDL1 to facilitate their transplantation into a patient, in particular as part of an immunotherapy.

Expression of at least one non-endogenous immunosuppressive polypeptide

[0110] According to some preferred embodiments, the inhibition of the expression of the beta-2m and/or the CIITA is
carried out with an additional step of expression in said T-cell of at least one non-endogenous immunosuppressive
polypeptide.

[0111] By "non-endogenous” polypeptide is meant a polypeptide not normally expressed by a donor's immune cell,
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preferably a polypeptide expressed by an exogenous polynucleotide that has been imported into the immune's cell
genome. For instance, IL12 is not considered hereby as being a non-endogenous polypeptide because it is expressed
from a preexisting gene from the donor's immune cell.

[0112] By "immunosuppressive” is meant that the expression of said non-endogenous polypeptide has the effect of
alleviating the immune response of the patient host against the donor's immune cells.

[0113] The method of the present invention may thus comprise introducing into said T-cell an exogenous nucleic acid
molecule comprising a nucleotide sequence coding for at least one non-endogenous immunosuppressive polypeptide,
such as a viral MHC homolog or an NKG2D ligand.

Expression of viral MHC homolog

[0114] According to particularly preferred embodiments, said non-endogenous immunosuppressive polypeptide
expressed in said T-cell is a viral MHC homolog, such as for instance UL18 (referred to as NP_044619 in the NCBI
protein database).

[0115] According to these embodiments, the method of the present invention may thus comprise introducing into said T-
cell an exogenous nucleic acid molecule comprising a nucleotide sequence coding for a viral MHC homolog, such as
UL18. The exogenous nucleic acid molecule may comprise a nucleotide sequence coding for a polypeptide sharing at
least 80%, preferably at least 90% and more preferably at least 95% of identity with SEQ ID NO: 89.

[0116] The interaction between the allogeneic T cell and host immune cells is schematically represented in Figure 8
(expression of viral MHC homolog) in regard to the situation to Figure 7 (no expression). In both figures, the MHC class
| is preferably inactivated by disrupting (KO) the beta2M gene.

Expression of NKG2D ligand

[0117] Some viruses such as cytomegaloviruses have acquired mechanisms to avoid NK cell mediate immune
surveillance and interfere with the NKG2D pathway by secreting a protein able to bind NKG2D ligands and prevent their
surface expression (Welte, S.A; Sinzger, C.; Lutz, S.Z.; Singh-Jasuja, H.; Sampaio, K.L.; Eknigk, U.; Rammensee, H.G;
Steinle, A. 2003 "Selective intracellular retention of virally induced NKG2D ligands by the human cytomegalovirus UL16
glycoprotein”. Eur. J. Immunol., 33, 194-203). In tumors cells, some mechanisms have evolved to evade NKG2D
response by secreting NKG2D ligands such as ULBP2, MICB or MICA (Salih HR, Antropius H, Gieseke F, Lutz SZ, Kanz
L, et al. (2003) Functional expression and release of ligands for the activating immunoreceptor NKG2D in leukemia.
Blood 102: 1389-1396)

[0118] According to other particularly preferred embodiments, the non-endogenous immunosuppressive polypeptide to
be expressed in said T-cell is an NKG2D ligand.

[0119] According to these embodiments, the method of the present invention may thus comprise introducing into said T-
cell an exogenous nucleic acid molecule comprising a nucleotide sequence coding for an NKG2D ligand. The nucleic
acid molecule may comprise a nucleotide sequence coding for a polypeptide sharing at least 80%, preferably at least
90% and more preferably at least 95% of identity with any one of SEQ ID NO: 90-97.

[0120] The interaction between the allogeneic T cell and host immune cells is schematically represented in Figure 9
(expression of soluble NKG2D ligand) in regard to the situation to Figure 7 (no expression). In both figures, the MHC
class | is inactivated by disrupting (KO) the beta2M gene.

[0121] The Table 10 presented further in the text represents a viral MHC homolog (UL18) and a panel of NKG2D
ligands and their polypeptide sequence to be expressed according to the present invention.

Chimeric Antigen Receptors (CARS)
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[0122] Adoptive immunotherapy, which involves the transfer of autologous antigen-specific T-cells generated ex vivo, is
a promising strategy to treat cancer or viral infections. The T-cells used for adoptive immunotherapy can be generated
either by expansion of antigen-specific T cells or redirection of T cells through genetic engineering (Park, Rosenberg et
al. 2011). Transfer of viral antigen specific T-cells is a well-established procedure used for the treatment of transplant
associated viral infections and rare viral-related malignancies. Similarly, isolation and transfer of tumor specific T cells
has been shown to be successful in treating melanoma.

[0123] Novel specificities in T-cells have been successfully generated through the genetic transfer of transgenic T-cell
receptors or chimeric antigen receptors (CARs) (Jena, Dotti et al. 2010). CARs are synthetic receptors consisting of a
targeting moiety that is associated with one or more signaling domains in a single fusion molecule. In general, the
binding moiety of a CAR consists of an antigen-binding domain of a single-chain antibody (scFv), comprising the light
and variable fragments of a monoclonal antibody joined by a flexible linker. Binding moieties based on receptor or ligand
domains have also been used successfully. The signaling domains for first generation CARs are derived from the
cytoplasmic region of the CD3zeta or the Fc receptor gamma chains. First generation CARs have been shown to
successfully redirect T cell cytotoxicity, however, they failed to provide prolonged expansion and anti-tumor activity in
vivo. Signaling domains from co-stimulatory molecules including CD28, OX-40 (CD134), and 4-1BB (CD137) have been
added alone (second generation) or in combination (third generation) to enhance survival and increase proliferation of
CAR modified T-cells. CARs have successfully allowed T-cells to be redirected against antigens expressed at the
surface of tumor cells from various malignancies including lymphomas and solid tumors (Jena, Dotti et al. 2010).

[0124] CD19 is an attractive target for immunotherapy because the vast majority of B-acute lymphoblastic leukemia (B-
ALL) uniformly express CD19, whereas expression is absent on non hematopoietic cells, as well as myeloid, erythroid,
and T cells, and bone marrow stem cells. Clinical trials targeting CD19 on B-cell malignancies are underway with
encouraging anti-tumor responses. Most infuse T cells genetically modified to express a chimeric antigen receptor
(CAR) with specificity derived from the scFv region of a CD19-specific mouse monoclonal antibody FMC63
(W02013/126712).

[0125] Therefore, in accordance with certain embodiments, the Chimeric Antigen Receptor expressed by the
engineered T-cell is directed against the B-lymphocyte antigen CD19.

[0126] In accordance with certain embodiments, the Chimeric Antigen Receptor is a single chain Chimeric Antigen
Receptor. As an example of single-chain Chimeric Antigen Receptor to be expressed in the engineered T-cells
according to the present invention is a single polypeptide that comprises at least one extracellular ligand binding
domain, a transmembrane domain and at least one signal transducing domain, wherein said extracellular ligand binding
domain comprises a scFV derived from the specific anti-CD19 monoclonal antibody 4G7. Once transduced into the T-
cell, for instance by using retroviral or lentiviral transduction, this CAR contributes to the recognition of CD19 antigen
present at the surface of malignant B-cells involved in lymphoma or leukemia.

[0127] In accordance with particular embodiments, the Chimeric Antigen Receptor is a polypeptide comprising the
amino acid sequence forth in SEQ ID NO: 6 or a variant thereof comprising an amino acid sequence that has at least
70%, such as at least 80%, at least 90%, at least 95%, or at least 99%, sequence identity with the amino acid sequence
set forth in SEQ ID NO: 6 over the entire length of SEQ ID NO: 6. Preferably, the variant is capable of binding CD19.

[0128] A particularly preferred Chimeric Antigen Receptor is a polypeptide comprising the amino acid sequence set
forth in SEQ ID NO: 7 or a variant thereof comprising an amino acid sequence that has at least 80 %, such as at least
90%, at least 95%, or at least 99%, sequence identity with the amino acid sequence set forth in SEQ ID NO: 7 over the
entire length of SEQ ID NO: 7. Such variant may differ from the polypeptide set forth in SEQ ID NO: 7 in the substitution
of at least one, at least two or at least three amino acid residue(s). Preferably, said variant is capable of binding CD19.

[0129] In accordance with other certain embodiments, the Chimeric Antigen Receptor may be directed against another
antigen expressed at the surface of a malignant or infected cell, such as a cluster of differentiation molecule, such as
CD16, CD64, CD78, CD96,CLL1, CD116, CD117, CD71, CD45, CD71, CD123 and CD138, a tumor-associated surface
antigen, such as ErbB2 (HER2/neu), carcinoembryonic antigen (CEA), epithelial cell adhesion molecule (EpCAM),
epidermal growth factor receptor (EGFR), EGFR variant Ill (EGFRVIII), CD19, CD20, CD30, CD40, disialoganglioside
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GD2, ductal-epithelial mucine, gp36, TAG-72, glycosphingolipids, glioma-associated antigen, B-human chorionic
gonadotropin, alphafetoprotein (AFP), lectin-reactive AFP, thyroglobulin, RAGE-1, MN-CA IX, human telomerase
reverse transcriptase, RU1, RU2 (AS), intestinal carboxyl esterase, mut hsp70-2, M-CSF, prostase, prostase specific
antigen (PSA), PAP, NY-ESO-1, LAGA-1a, p53, prostein, PSMA, surviving and telomerase, prostate-carcinoma tumor
antigen-1 (PCTA-1), MAGE, ELF2M, neutrophil elastase, ephrin B2, CD22, insulin growth factor (IGF1)-I, IGF-Il, IGFI
receptor, mesothelin, a major histocompatibility complex (MHC) molecule presenting a tumor-specific peptide epitope,
5T4, ROR1, Nkp30, NKG2D, tumor stromal antigens, the extra domain A (EDA) and extra domain B (EDB) of fibronectin
and the A1 domain of tenascin-C (TnC A1) and fibroblast associated protein (fap); a lineage-specific or tissue specific
antigen such as CD3, CD4, CD8, CD24, CD25, CD33, CD34, CD133, CD138, CTLA-4, B7-1 (CD80), B7-2 (CD86), GM-
CSF, cytokine receptors, endoglin, a major histocompatibility complex (MHC) molecule, BCMA (CD269, TNFRSF 17),
multiple myeloma or lymphoblastic leukaemia antigen, such as one selected from TNFRSF17 (UNIPROT Q02223),
SLAMF7 (UNIPROT Q9NQ25), GPRCSD (UNIPROT Q9NZD1), FKBP11 (UNIPROT QONYL4), KAMP3, ITGA8
(UNIPROT P53708), and FCRLS (UNIPROT Q68SN8). a virus-specific surface antigen such as an HIV-specific antigen
(such as HIV gp120); an EBV-specific antigen, a CMV-specific antigen, a HPV-specific antigen, a Lasse Virus-specific
antigen, an Influenza Virus-specific antigen as well as any derivate or variant of these surface antigens.

[0130] In other certain embodiments, the Chimeric Antigen Receptor is a multi-chain Chimeric Antigen Receptor.
Chimeric Antigen Receptors from the prior art introduced in T-cells have been formed of single chain polypeptides that
necessitate serial appending of signaling domains. However, by moving signaling domains from their natural
juxtamembrane position may interfere with their function. To overcome this drawback, the applicant recently designed a
multi-chain CAR derived from FceRI to allow normal juxtamembrane position of all relevant signaling domains. In this
new architecture, the high affinity IgE binding domain of FceRI alpha chain is replaced by an extracellular ligand-binding
domain such as scFv to redirect T-cell specificity against cell targets and the N and/or C-termini tails of FceRI beta chain
are used to place costimulatory signals in normal juxtamembrane positions as described in WO 2013/176916.

[0131] Accordingly, a CAR expressed by the engineered T-cell according to the invention can be a multi-chain chimeric
antigen receptor particularly adapted to the production and expansion of engineered T-cells of the present invention.
Such multi-chain CARs comprise at least two of the following components:

1. a) one polypeptide comprising the transmembrembrane domain of FceRI alpha chain and an extracellular ligand-
binding domain,

2. b) one polypeptide comprising a part of N- and C- terminal cytoplasmic tail and the transmembrane domain of
FceRlI beta chain and/or

3. c) at least two polypeptides comprising each a part of intracytoplasmic tail and the transmembrane domain of
FceRIl gamma chain, whereby different polypeptides multimerize together spontaneously to form dimeric, trimeric
or tetrameric CAR.

[0132] According to such architectures, ligands binding domains and signaling domains are born on separate
polypeptides. The different polypeptides are anchored into the membrane in a close proximity allowing interactions with
each other. In such architectures, the signaling and co-stimulatory domains can be in juxtamembrane positions (i.e.
adjacent to the cell membrane on the internal side of it), which is deemed to allow improved function of co-stimulatory
domains. The multi-subunit architecture also offers more flexibility and possibilities of designing CARs with more control
on T-cell activation. For instance, it is possible to include several extracellular antigen recognition domains having
different specificity to obtain a multi-specific CAR architecture. It is also possible to control the relative ratio between the
different subunits into the multi-chain CAR. This type of architecture has been recently detailed by the applicant in
PCT/US2013/058005.

[0133] The assembly of the different chains as part of a single multi-chain CAR is made possible, for instance, by using
the different alpha, beta and gamma chains of the high affinity receptor for IgE (FceRI) (Metzger, Alcaraz et al. 1986) to
which are fused the signaling and co-stimulatory domains. The gamma chain comprises a transmembrane region and
cytoplasmic tail containing one immunoreceptor tyrosine-based activation motif (ITAM) (Cambier 1995).

[0134] The multi-chain CAR can comprise several extracellular ligand-binding domains, to simultaneously bind different
elements in target thereby augmenting immune cell activation and function. In one embodiment, the extracellular ligand-
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binding domains can be placed in tandem on the same transmembrane polypeptide, and optionally can be separated by
a linker. In another embodiment, said different extracellular ligand-binding domains can be placed on different
transmembrane polypeptides composing the multi-chain CAR.

[0135] The signal transducing domain or intracellular signaling domain of the multi-chain CAR(s) of the invention is
responsible for intracellular signaling following the binding of extracellular ligand binding domain to the target resulting in
the activation of the immune cell and immune response. In other words, the signal transducing domain is responsible for
the activation of at least one of the normal effector functions of the immune cell in which the multi-chain CAR is
expressed. For example, the effector function of a T cell can be a cytolytic activity or helper activity including the
secretion of cytokines.

[0136] In the present application, the term "signal transducing domain” refers to the portion of a protein which
transduces the effector signal function signal and directs the cell to perform a specialized function.

[0137] Preferred examples of signal transducing domain for use in single or multi-chain CAR can be the cytoplasmic
sequences of the Fc receptor or T cell receptor and co-receptors that act in concert to initiate signal transduction
following antigen receptor engagement, as well as any derivate or variant of these sequences and any synthetic
sequence that as the same functional capability. Signal transduction domain comprises two distinct classes of
cytoplasmic signaling sequence, those that initiate antigen-dependent primary activation, and those that act in an
antigen-independent manner to provide a secondary or co-stimulatory signal. Primary cytoplasmic signaling sequence
can comprise signaling motifs which are known as immunoreceptor tyrosine-based activation motifs of ITAMs. ITAMs
are well defined signaling motifs found in the intracytoplasmic tail of a variety of receptors that serve as binding sites for
syk/zap70 class tyrosine kinases. Examples of ITAM used in the invention can include as non-limiting examples those
derived from TCRzeta, FcRgamma, FcRbeta, FcRepsilon, CD3gamma, CD3delta, CD3epsilon, CD5, CD22, CD79a,
CD79b and CD66d. According to particular embodiments, the signaling transducing domain of the multi-chain CAR can
comprise the CD3zeta signaling domain, or the intracytoplasmic domain of the FceRI beta or gamma chains.

[0138] According to particular embodiments, the signal transduction domain of multi-chain CARs of the present
invention comprises a co-stimulatory signal molecule. A co-stimulatory molecule is a cell surface molecule other than an
antigen receptor or their ligands that is required for an efficient immune response.

[0139] Ligand binding-domains can be any antigen receptor previously used, and referred to, with respect to single-
chain CAR referred to in the literature, in particular scFv from monoclonal antibodies.

Engineered T-cells

[0140] As a result of the present invention, engineered T-cells are obtained having improved characteristics. In
particular, the present invention provides an engineered isolated T-cell expressing a Chimeric Antigen Receptor (CAR)
directed against at least one antigen expressed at the surface of a malignant or infected cell which is further
characterized in that i) the expression of B2M and/or CIITA is inhibited; and ii) at least one gene encoding a component
of the T cell receptor (TCR) is inactivated.

[0141] According to certain embodiments, the present invention provides an engineered isolated T-cell which expresses
a rare-cutting endonuclease able to selectively inactivate by DNA cleavage, preferably double-strand break, the gene
encoding B2M. According to particular embodiments, said T-cell comprises an exogenous nucleic acid molecule
comprising a nucleotide sequence encoding said rare-cutting endonuclease. According to more particular embodiments,
said rare-cutting endonuclease is a TAL-nuclease, meganuclease, zinc-finger nuclease (ZFN), or RNA guided
endonuclease. Hence, in accordance with a specific embodiment, the rare-cutting endonuclease is a TAL-nuclease. In
accordance with another specific embodiment, the rare-cutting endonuclease is a meganuclease. In accordance with
another specific embodiment, the rare-cutting endonuclease is a zinc-finger nuclease. In accordance with yet another
specific embodiment, the rare-cutting endonuclease is a RNA guided endonuclease, such as Cas9.

[0142] According to certain other embodiments, the present invention provides an engineered isolated T-cell which
comprises an exogenous nucleic acid molecule that inhibits the expression of B2M. According to particular
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embodiments, said T-cell comprises an exogenous nucleic acid molecule comprising a nucleotide sequence encoding a
nucleic acid molecule that inhibits the expression of B2M. According to more particular embodiments, the nucleic acid
molecule that inhibits the expression of B2M is an antisense oligonucleotide, ribozyme or interfering RNA (RNAI)
molecule. Hence, in accordance with a specific embodiment, nucleic acid molecule that inhibits the expression of B2M is
an antisense oligonucleotide. In accordance with another specific embodiment, nucleic acid molecule that inhibits the
expression of B2M is a ribozyme, and preferably a hammerhead riboyzme. In accordance with another specific
embodiment, nucleic acid molecule that inhibits the expression of B2M is an interfering RNA molecule.

[0143] According to certain embodiments, the present invention provides an engineered isolated T-cell which expresses
a rare-cutting endonuclease able to selectively inactivate by DNA cleavage, preferably double-strand break, the gene
encoding CIITA. According to particular embodiments, said T-cell comprises an exogenous nucleic acid molecule
comprising a nucleotide sequence encoding said rare-cutting endonuclease. According to more particular embodiments,
said rare-cutting endonuclease is a TAL-nuclease, meganuclease, zinc-finger nuclease (ZFN), or RNA guided
endonuclease. Hence, in accordance with a specific embodiment, the rare-cutting endonuclease is a TAL-nuclease. In
accordance with another specific embodiment, the rare-cutting endonuclease is a meganuclease. In accordance with
another specific embodiment, the rare-cutting endonuclease is a zinc-finger nuclease. In accordance with yet another
specific embodiment, the rare-cutting endonuclease is a RNA or DNA guided endonuclease, such as Cas9 or
Argonaute.

[0144] According to certain other embodiments, the present invention provides an engineered isolated T-cell which
comprises an exogenous nucleic acid molecule that inhibits the expression of CIITA. According to particular
embodiments, said T-cell comprises an exogenous nucleic acid molecule comprising a nucleotide sequence encoding a
nucleic acid molecule that inhibits the expression of CIITA. According to more particular embodiments, the nucleic acid
molecule that inhibits the expression of CIITA is an antisense oligonucleotide, ribozyme or interfereing RNA (RNAi)
molecule. Hence, in accordance with a specific embodiment, nucleic acid molecule that inhibits the expression of CIITA
is an antisense oligonucleotide. In accordance with another specific embodiment, nucleic acid molecule that inhibits the
expression of CIITA is a ribozyme, and preferably a hammerhead riboyzme. In accordance with another specific
embodiment, nucleic acid molecule that inhibits the expression of CIITA is an interfering RNA molecule.

[0145] According to certain embodiments, the engineered T-cell further expresses a rare-cutting endonuclease able to
selectively inactivate by DNA cleavage, preferably double-strand break, at least one gene coding for a component of the
T-cell receptor (TCR), such as TCR alpha. According to particular embodiments, said T-cell comprises an exogenous
nucleic acid molecule comprising a nucleotide sequence encoding said rare-cutting endonuclease.

[0146] As mentioned above, the engineered T-cell of the present invention expresses a Chimeric Antigen Receptor
(CAR) directed against at least one antigen expressed at the surface of a malignant or infected cell. According to
particular embodiments, said T-cell comprises an exogenous nucleic acid molecule comprising a nucleotide sequence
encoding said CAR.

[0147] According to some embodiments, the present invention provides an engineered isolated T-cell which expresses
at least one non-endogenous immune-suppressive polypeptide. According to particular embodiments, said non-
endogenous immune-suppressive polypeptide is a viral MHC homolog, such as UL18. The T-cell may thus comprise an
exogenous nucleic acid molecule comprising a nucleotide sequence coding for a polypeptide sharing at least 80%,
preferably at least 90% and more preferably at least 95% of identity with SEQ ID NO: 89. According to other particular
embodiments, said non-endogenous immune-suppressive polypeptide is a NKG2D ligand. The T-cell may thus
comprise an exogenous nucleic acid molecule comprising a nucleotide sequence coding for a polypeptide sharing at
least 80%, preferably at least 90% and more preferably at least 95% of identity with any one of SEQ ID NO: 90-97.

[0148] It is understood that the details given herein in particularly with respect to the rare-cutting endonuclease able to
selectively inactivate by DNA cleavage the gene encoding B2M, the nucleic acid molecule that inhibits the expression of
B2M, the rare-cutting endonuclease able to selectively inactivate by DNA cleavage at least one gene coding for a
component of the T-cell receptor (TCR), and the Chimeric Antigen Receptor also apply to this aspect of the invention.

[0149] Further, in the scope of the present invention is also encompassed a cell or cell line obtained from an
engineered T-cell according to the invention, preferably displaying one of these phenotypes:
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[b2m][TCR]"
[b2m][TCR]" [PD1]"

[b2m][TCR]" [PD1]" [PDL-1]*
[b2m]" [TCR]" [viral MHC homolog]*

[b2m] [TCR]" [NKG2D ligand]*

[0150] The T cells according to the present invention are [CAR]* - i.e. armed with a chimeric antigen receptor to direct
the specific recognition of tumor cells.

Delivery methods

[0151] The inventors have considered any means known in the art to allow delivery inside cells or subcellular
compartments of said cells the nucleic acid molecules employed in accordance with the invention. These means include
viral transduction, electroporation and also liposomal delivery means, polymeric carriers, chemical carriers, lipoplexes,
polyplexes, dendrimers, nanoparticles, emulsion, natural endocytosis or phagocytose pathway as non-limiting
examples.

[0152] In accordance with the present invention, the nucleic acid molecules detailed herein may be introduced in the T-
cell by any suitable methods known in the art. Suitable, non-limiting methods for introducing a nucleic acid molecule into
a T-cell according include stable transformation methods, wherein the nucleic acid molecule is integrated into the
genome of the cell, transient transformation methods wherein the nucleic acid molecule is not integrated into the
genome of the cell and virus mediated methods. Said nucleic acid molecule may be introduced into a cell by, for
example, a recombinant viral vector (e.g., retroviruses, adenoviruses), liposome and the like. Transient transformation
methods include, for example, microinjection, electroporation or particle bombardment. In certain embodiments, the
nucleic acid molecule is a vector, such as a viral vector or plasmid. Suitably, said vector is an expression vector enabling
the expression of the respective polypeptide(s) or protein(s) detailed herein by the T-cell.

[0153] A nucleic acid molecule introduced into the T-cell may be DNA or RNA. In certain embodiments, a nucleic acid
molecule introduced into the T-cell is DNA. In certain embodiments, a nucleic acid molecule introduced into the T-cell is
RNA, and in particular an mRNA encoding a polypeptide or protein detailed herein, which mRNA is introduced directly
into the T-cell, for example by electroporation. A suitable electroporation technique is described, for example, in
International Publication W02013/176915 (in particular the section titled "Electroporation” bridging pages 29 to 30). A
particular nucleic acid molecule which may be an mRNA is the nucleic acid molecule comprising a nucleotide sequence
coding for a rare-cutting endonuclease able to selectively inactivate by DNA cleavage the gene encoding B2M. Another
particular nucleic acid molecule which may be an mRNA is the nucleic acid molecule comprising a nucleotide sequence
coding for a rare-cutting endonuclease able to selectively inactivate by DNA cleavage the gene encoding CIITA. A yet
other particular nucleic acid molecule which may be an mRNA is the nucleic acid molecule comprising a nucleotide
sequence coding for a rare-cutting endonuclease able to selectively inactivate by DNA cleavage at least one gene
coding for one component of the T-Cell Receptor (TCR).

[0154] As a preferred embodiment of the invention, nucleic acid molecules encoding the endonucleases of the present
invention are transfected under mRNA form in order to obtain transient expression and avoid chromosomal integration
of foreign DNA, for example by electroporation. The inventors have determined different optimal conditions for mRNA
electroporation in T-cell displayed in Table 1. The inventor used the cytoPulse technology which allows, by the use of
pulsed electric fields, to transiently permeabilize living cells for delivery of material into the cells (U.S. patent 6,010,613
and WO 2004/083379). Pulse duration, intensity as well as the interval between pulses can be modified in order to
reach the best conditions for high transfection efficiency with minimal mortality. Basically, the first high electric field
pulses allow pore formation, while subsequent lower electric field pulses allow to moving the polynucleotide into the cell.
In one aspect of the present invention, the inventor describe the steps that led to achievement of >95% transfection
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efficiency of mRNA in T cells, and the use of the electroporation protocol to transiently express different kind of proteins
in T cells. In particular the invention relates to a method of transforming T cell comprising contacting said T cell with
RNA and applying to T cell an agile pulse sequence consisting of:

1. (a) one electrical pulse with a voltage range from 2250 to 3000 V per centimeter, a pulse width of 0.1 ms and a
pulse interval of 0.2 to 10 ms between the electrical pulses of step (a) and (b);

2. (b) one electrical pulse with a voltage range from 2250 to 3000 V with a pulse width of 100 ms and a pulse
interval of 100 ms between the electrical pulse of step (b) and the first electrical pulse of step (c) ; and

3. (c) 4 electrical pulses with a voltage of 325 V with a pulse width of 0.2 ms and a pulse interval of 2 ms between
each of 4 electrical pulses.

[0155] In particular embodiment, the method of transforming T cell comprising contacting said T cell with RNA and
applying to T cell an agile pulse sequence consisting of:

1. (a) one electrical pulse with a voltage of 2250, 2300, 2350, 2400, 2450, 2500, 2550, 2400, 2450, 2500, 2600,
2700, 2800, 2900 or 3000V per centimeter, a pulse width of 0.1 ms and a pulse interval of 0.2, 0.5, 1, 2, 3, 4, 5,
8, 7, 8, 9 or 10 ms between the electrical pulses of step (a) and (b);

2. (b) one electrical pulse with a voltage range from 2250, of 2250, 2300, 2350, 2400, 2450, 2500, 2550, 2400,
2450, 2500, 2600, 2700, 2800, 2900 or 3000V with a pulse width of 100 ms and a pulse interval of 100 ms
between the electrical pulse of step (b) and the first electrical pulse of step (c¢); and

3. (c) 4 electrical pulses with a voltage of 325 V with a pulse width of 0.2 ms and a pulse interval of 2 ms between
each of 4 electrical pulses.

[0156] Any values included in the value range described above are disclosed in the present application. Electroporation
medium can be any suitable medium known in the art. Preferably, the electroporation medium has conductivity in a
range spanning 0.01 to 1.0 milliSiemens.

Table 1: Different cytopulse programs used to determine the minimal voltage required for electroporation in PBMC
derived T-cells.

Group 1 Group 2 Group 3

Cyto- {Pulsesi V ijdurationjyinterval{Pulsesy V {durationjlInterval{Pulsesi V ;durationjInterval
pulse (ms) (ms) (ms) (ms) (ms) (ms)
program

1 1 600 0.1 0.2 1 600 0.1 100 4 {130 0.2 2

2 1 900 0.1 0.2 1 900 0.1 100 4 {130f 0.2 2

3 1 1200§ 0.1 0.2 1 1200§ 0.1 100 4 {130f 0.2 2

4 1 1200§ 0.1 10 1 900 0.1 100 4 {130f 0.2 2

5 1 900 0.1 20 1 600 0.1 100 4 {130 0.2 2

Non alloreactive T-cells:

[0157] Although the method as described herein could be carried out in-vivo as part of a gene therapy, for instance, by
using viral vectors targeting T-cells in blood circulation, which would include genetic sequences expressing a specific
rare-cutting endonuclease along with other genetic sequences expressing, e.g., a CAR, the method of the invention is
intended to be practiced ex-vivo on cultured T-cells obtainable from patients or donors. The engineered T-cells
engineered ex-vivo can be either re-implanted into a patient from where they originate, as part of an autologous
treatment, or to be used as part of an allogeneic treatment. In this later case, it is preferable to further engineer the cells
to make them non-alloreactive to ensure their proper engraftment. Accordingly, the method of the invention may include
additional steps of procuring the T-cells from a donor and to inactivate genes thereof involved in MHC recognition and
or being targets of immunosuppressive drugs such as described for instance in WO 2013/176915.
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[0158] T-cell receptors (TCR) are cell surface receptors that participate in the activation of T-cells in response to the
presentation of antigen. The TCR is generally made from two chains, alpha and beta, which assemble to form a
heterodimer and associates with the CD3-transducing subunits to form the T-cell receptor complex present on the cell
surface. Each alpha and beta chain of the TCR consists of an immunoglobulin-like N-terminal variable (V) and constant
(C) region, a hydrophobic transmembrane domain, and a short cytoplasmic region. As for immunoglobulin molecules,
the variable region of the alpha and beta chains are generated by V(D)J recombination, creating a large diversity of
antigen specificities within the population of T cells. However, in contrast to immunoglobulins that recognize intact
antigen, T cells are activated by processed peptide fragments in association with an MHC molecule, introducing an
extra dimension to antigen recognition by T cells, known as MHC restriction. Recognition of MHC disparities between
the donor and recipient through the T cell receptor leads to T cell proliferation and the potential development of GVHD.
It has been shown that normal surface expression of the TCR depends on the coordinated synthesis and assembly of
all seven components of the complex (Ashwell and Klusner 1990). The inactivation of TCR alpha or TCR beta can result
in the elimination of the TCR from the surface of T cells preventing recognition of alloantigen and thus GVHD.

[0159] Thus, according to the invention, engraftment of the T-cells is improved by inactivating at least one gene
encoding a TCR component. TCR is rendered not functional in the cells by inactivating TCR alpha gene and/or TCR
beta gene(s).

[0160] With respect to the use of Cas9/CRISPR system, the inventors have determined appropriate target sequences
within the 3 exons encoding TCR, allowing a significant reduction of toxicity in living cells, while retaining cleavage
efficiency. The preferred target sequences are noted in Table 2 (+ for lower ratio of TCR negative cells, ++ for
intermediate ratio, +++ for higher ratio).

Table 2: appropriate target sequences for the guide RNA using Cas9 in T-cells

Exon TCR Position Strand Target genomic sequence SEQID efficiency
Ex1 78 -1{GAGAATCAAAATCGGTGAATAGG 8 +++
Ex3 26 1} TTCAAAACCTGTCAGTGATTGGG 9 +++
Ex1 153 1} TGTGCTAGACATGAGGTCTATGG 10 +++
Ex3 74 -1{CGTCATGAGCAGATTAAACCCGG 1 +++
Ex1 -1{TCAGGGTTCTGGATATCTGTGGG 12 +++
Ex1 -1{GTCAGGGTTCTGGATATCTGTGG 13 +++
Ex3 33 -1{TTCGGAACCCAATCACTGACAGG 14 +++
Ex3 60 -1{TAAACCCGGCCACTTTCAGGAGG 15 +++
Ex1 200 -1{AAAGTCAGATTTGTTGCTCCAGG 16 ++
Ex1 102 1{AACAAATGTGTCACAAAGTAAGG 17 ++
Ex1 39 -1{TGGATTTAGAGTCTCTCAGCTGG 18 ++
Ex1 59 -1{TAGGCAGACAGACTTGTCACTGG 19 ++
Ex1 22 -1{AGCTGGTACACGGCAGGGTCAGG 20 ++
Ex1 21 -1{GCTGGTACACGGCAGGGTCAGGG 21 ++
Ex1 28 -1{TCTCTCAGCTGGTACACGGCAGG 22 ++
Ex3 25 1} TTTCAAAACCTGTCAGTGATTGG 23 ++
Ex3 63 -1{GATTAAACCCGGCCACTTTCAGG 24 ++
Ex2 17 -1{CTCGACCAGCTTGACATCACAGG 25 ++
Ex1 32 -1{AGAGTCTCTCAGCTGGTACACGG 26 ++
Ex1 27 -1{CTCTCAGCTGGTACACGGCAGGG 27 ++
Ex2 12 1{AAGTTCCTGTGATGTCAAGCTGG 28 ++
Ex3 55 1{ATCCTCCTCCTGAAAGTGGCCGG 29 ++
Ex3 86 1{TGCTCATGACGCTGCGGCTGTGG 30 ++
Ex1 146 1}ACAAAACTGTGCTAGACATGAGG 31 +
Ex1 86 -1{ATTTGTTTGAGAATCAAAATCGG 32 +
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Exon TCR Position Strand Target genomic sequence SEQID efficiency
Ex2 3 -1{CATCACAGGAACTTTCTAAAAGG 33 +
Ex2 34 1{GTCGAGAAAAGCTTTGAAACAGG 34 +
Ex3 51 -1{CCACTTTCAGGAGGAGGATTCGG 35 +
Ex3 18 -1{CTGACAGGTTTTGAAAGTTTAGG 36 +
Ex2 43 1{AGCTTTGAAACAGGTAAGACAGG 37 +
Ex1 236 -1{TGGAATAATGCTGTTGTTGAAGG 38 +
Ex1 182 1}{AGAGCAACAGTGCTGTGGCCTGG 39 +
Ex3 103 1{CTGTGGTCCAGCTGAGGTGAGGG 40 +
Ex3 97 1{CTGCGGCTGTGGTCCAGCTGAGG 41 +
Ex3 104 1iTGTGGTCCAGCTGAGGTGAGGGG 42 +
Ex1 267 1{CTTCTTCCCCAGCCCAGGTAAGG 43 +
Ex1 15 -1{ACACGGCAGGGTCAGGGTTCTGG 44 +
Ex1 177 1{CTTCAAGAGCAACAGTGCTGTGG 45 +
Ex1 256 -1{CTGGGGAAGAAGGTGTCTTCTGG 46 +
Ex3 56 1§ TCCTCCTCCTGAAAGTGGCCGGG 47 +
Ex3 80 1} TTAATCTGCTCATGACGCTGCGG 48 +
Ex3 57 -1{ACCCGGCCACTTTCAGGAGGAGG 49 +
Ex1 268 1{TTCTTCCCCAGCCCAGGTAAGGG 50 +
Ex1 266 -1{CTTACCTGGGCTGGGGAAGAAGG 51 +
Ex1 262 1}GACACCTTCTTCCCCAGCCCAGG 52 +
Ex3 102 1}GCTGTGGTCCAGCTGAGGTGAGG 53 +
Ex3 51 1}CCGAATCCTCCTCCTGAAAGTGG 54 +

[0161] MHC antigens are also proteins that played a major role in transplantation reactions. Rejection is mediated by T
cells reacting to the histocompatibility antigens on the surface of implanted tissues, and the largest group of these
antigens is the major histocompatibility antigens (MHC). These proteins are expressed on the surface of all higher
vertebrates and are called HLA antigens (for human leukocyte antigens) in human cells. Like TCR, the MHC proteins
serve a vital role in T cell stimulation. Antigen presenting cells (often dendritic cells) display peptides that are the
degradation products of foreign proteins on the cell surface on the MHC. In the presence of a co-stimulatory signal, the
T cell becomes activated, and will act on a target cell that also displays that same peptide/MHC complex. For example,
a stimulated T helper cell will target a macrophage displaying an antigen in conjunction with its MHC, or a cytotoxic T
cell (CTL) will act on a virally infected cell displaying foreign viral peptides.

[0162] Thus, in order to provide less alloreactive T-cells, the method of the invention can further comprise the step of
inactivating or mutating one HLA gene.

[0163] The class | HLA gene cluster in humans comprises three major loci, B, C and A, as well as several minor loci.
The class Il HLA cluster also comprises three major loci, DP, DQ and DR, and both the class | and class Il gene clusters
are polymorphic, in that there are several different alleles of both the class | and Il genes within the population. There
are also several accessory proteins that play a role in HLA functioning as well. The Tapl and Tap2 subunits are parts of
the TAP transporter complex that is essential in loading peptide antigens on to the class | HLA complexes, and the
LMP2 and LMP7 proteosome subunits play roles in the proteolytic degradation of antigens into peptides for display on
the HLA. Reduction in LMP7 has been shown to reduce the amount of MHC class | at the cell surface, perhaps through
a lack of stabilization (Fehling et al. (1999) Science 265:1234-1237). In addition to TAP and LMP, there is the tapasin
gene, whose product forms a bridge between the TAP complex and the HLA class | chains and enhances peptide
loading. Reduction in tapasin results in cells with impaired MHC class | assembly, reduced cell surface expression of the
MHC class | and impaired immune responses (Grandea et al. (2000) Immunity 13:213-222 and Garbi et al. (2000) Nat.
Immunol. 1:234-238). Any of the above genes may be inactivated as part of the present invention as disclosed, for
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instance in WO 2012/012667.

[0164] Hence, in accordance with certain embodiments, the method of the invention further comprises inactivating at
least one gene selected from the group consisting of RFXANK, RFX5, RFXAP, TAP1, TAP2, ZXDA, ZXDB and ZXDC.
Inactivation may, for instance, be achieved by using a genome modification, more particularly through the expression in
the T-cell of a rare-cutting endonuclease able to selectively inactivate by DNA cleavage a gene selected from the group
consisting of RFXANK, RFX5, RFXAP, TAP1, TAP2, ZXDA, ZXDB and ZXDC.

Activation and expansion of T cells

[0165] The method according to the invention may include a further step of activating and/or expanding the T-cell(s).
This can be done prior to or after genetic modification of the T-cell(s), using the methods as described, for example, in
U.S. Patents 6,352,694; 6,534,055; 6,905,680; 6,692,964; 5,858,358; 6,887,466; 6,905,681; 7,144,575; 7,067,318;
7,172,869; 7,232,566; 7,175,843; 5,883,223, 6,905,874; 6,797,514, 6,867,041; and U.S. Patent Application Publication
No. 20060121005. According to these methods, the T cells of the invention can be expanded by contact with a surface
having attached thereto an agent that stimulates a CD3 TCR complex associated signal and a ligand that stimulates a
co-stimulatory molecule on the surface of the T cells.

[0166] In particular, T cell populations may be stimulated in vitro such as by contact with an anti-CD3 antibody, or
antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a surface, or by contact with a protein kinase
C activator (e.g., bryostatin) in conjunction with a calcium ionophore. For co-stimulation of an accessory molecule on the
surface of the T cells, a ligand that binds the accessory molecule is used. For example, a population of T cells can be
contacted with an anti-CD3 antibody and an anti-CD28 antibody, under conditions appropriate for stimulating
proliferation of the T cells. To stimulate proliferation of either CD4+ T cells or CD8+ T cells, an anti-CD3 antibody and an
anti-CD28 antibody. For example, the agents providing each signal may be in solution or coupled to a surface. As those
of ordinary skill in the art can readily appreciate, the ratio of particles to cells may depend on particle size relative to the
target cell. In further embodiments of the present invention, the cells, such as T cells, are combined with agent-coated
beads, the beads and the cells are subsequently separated, and then the cells are cultured. In an alternative
embodiment, prior to culture, the agent-coated beads and cells are not separated but are cultured together. Cell surface
proteins may be ligated by allowing paramagnetic beads to which anti-CD3 and anti-CD28 are attached (3x28 beads) to
contact the T cells. In one embodiment the cells (for example, 4 to 10 T cells) and beads (for example, DYNABEADS®
M-450 CD3/CD28 T paramagnetic beads at a ratio of 1:1) are combined in a buffer, preferably PBS (without divalent
cations such as, calcium and magnesium). Again, those of ordinary skill in the art can readily appreciate any cell
concentration may be used. The mixture may be cultured for several hours (about 3 hours) to about 14 days or any
hourly integer value in between. In another embodiment, the mixture may be cultured for 21 days. Conditions
appropriate for T cell culture include an appropriate media (e.g., Minimal Essential Media or RPMI Media 1640 or, X-
vivo 5, (Lonza)) that may contain factors necessary for proliferation and viability, including serum (e.g., fetal bovine or
human serum), interleukin-2 (IL-2), insulin, IFN-g , 1L-4, 1L-7, GM-CSF, -10, - 2, 1L-15, TGFp, and TNF- or any other
additives for the growth of cells known to the skilled artisan. Other additives for the growth of cells include, but are not
limited to, surfactant, plasmanate, and reducing agents such as N-acetylcysteine and 2-mercaptoethanoi. Media can
include RPMI 1640, A1M-V, DMEM, MEM, a-MEM, F-12, X-Vivo 1 , and X-Vivo 20, Optimizer, with added amino acids,
sodium pyruvate, and vitamins, either serum-free or supplemented with an appropriate amount of serum (or plasma) or
a defined set of hormones, and/or an amount of cytokine(s) sufficient for the growth and expansion of T cells.
Antibiotics, e.g., penicillin and streptomycin, are included only in experimental cultures, not in cultures of cells that are to
be infused into a subject. The target cells are maintained under conditions necessary to support growth, for example, an
appropriate temperature (e.g., 37° C) and atmosphere (e.g., air plus 5% CO2). T cells that have been exposed to varied
stimulation times may exhibit different characteristics

[0167] In another particular embodiment, said cells can be expanded by co-culturing with tissue or cells.

Therapeutic applications

[0168] The T-cells obtainable in accordance with the present invention are intended to be used as a medicament, and
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in particular for treating, among others, cancer, infections (such viral infections) or immune diseases in a patient in need
thereof. Accordingly, the present invention provides engineered T-cells for use as a medicament. Particularly, the
present invention provides engineered T-cells for use in the treatment of a cancer, such as lymphoma, or viral infection.
Also provided are compositions, particularly pharmaceutical compositions, which comprise at least one engineered T-
cell of the present invention. In certain embodiments, a composition may comprise a population of engineered T-cell of
the present invention.

[0169] The treatment can be ameliorating, curative or prophylactic. It may be either part of an autologous
immunotherapy or part of an allogenic immunotherapy treatment. By autologous, it is meant that cells, cell line or
population of cells used for treating patients are originating from said patient or from a Human Leucocyte Antigen (HLA)
compatible donor. By allogeneic is meant that the cells or population of cells used for treating patients are not
originating from said patient but from a donor.

[0170] The invention is particularly suited for allogenic immunotherapy, insofar as it enables the transformation of T-
cells, typically obtained from donors, into non-alloreactive cells. This may be done under standard protocols and
reproduced as many times as needed. The resulted modified T-cells may be pooled and administrated to one or several
patients, being made available as an "off the shelf" therapeutic product.

[0171] The treatments are primarily to treat patients diagnosed with cancer. Cancers are preferably leukemias and
lymphomas, which have liquid tumors, but may also concern solid tumors. Types of cancers to be treated with the
genetically engineered T-cells of the invention include, but are not limited to, carcinoma, blastoma, and sarcoma, and
certain leukemia or lymphoid malignancies, benign and malignant tumors, and malignancies e.g., sarcomas,
carcinomas, and melanomas. Adult tumors/cancers and pediatric tumors/cancers are also included.

[0172] The treatment can take place in combination with one or more therapies selected from the group of antibodies
therapy, chemotherapy, cytokines therapy, dendritic cell therapy, gene therapy, hormone therapy, laser light therapy and
radiation therapy.

[0173] T-cells of the invention can undergo robust in vivo T-cell expansion upon administration to a patient, and can
persist in the body fluids for an extended amount of time, preferably for a week, more preferably for 2 weeks, even
more preferably for at least one month. Although the T-cells according to the invention are expected to persist during
these periods, their life span into the patient's body are intended not to exceed a year, preferably 6 months, more
preferably 2 months, and even more preferably one month.

[0174] The administration of the cells or population of cells according to the present invention may be carried out in any
convenient manner, including by aerosol inhalation, injection, ingestion, transfusion, implantation or transplantation. The
compositions described herein may be administered to a patient subcutaneously, intradermaliy, intratumorally,
intranodally, intramedullary, intramuscularly, by intravenous or intralymphatic injection, or intraperitoneally. In one
embodiment, the cell compositions of the present invention are preferably administered by intravenous injection.

[0175] The administration of the cells or population of cells can consist of the administration of 104-109 cells per kg
body weight, preferably 105 to 106 cells/kg body weight including all integer values of cell numbers within those ranges.
The cells or population of cells can be administrated in one or more doses. In another embodiment, said effective
amount of cells are administrated as a single dose. In another embodiment, said effective amount of cells are
administrated as more than one dose over a period time. Timing of administration is within the judgment of managing
physician and depends on the clinical condition of the patient. The cells or population of cells may be obtained from any
source, such as a blood bank or a donor. While individual needs vary, determination of optimal ranges of effective
amounts of a given cell type for a particular disease or conditions within the skill of the art. An effective amount means
an amount which provides a therapeutic or prophylactic benefit. The dosage administrated will be dependent upon the
age, health and weight of the recipient, kind of concurrent treatment, if any, frequency of treatment and the nature of the
effect desired.

[0176] Said effective amount of cells or composition comprising those cells may be administrated parenterally. Said
administration can be an intravenous administration. Said administration can be directly done by injection within a
tumor.
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[0177] In certain embodiments, cells are for use in the administration to a patient in conjunction with (e.g., before,
simultaneously or following) any number of relevant treatment modalities, including but not limited to treatment with
agents such as antiviral therapy, cidofovir and interleukin-2, Cytarabine (also known as ARA-C) or natalizimab
treatment for MS patients or efaliztimab treatment for psoriasis patients or other treatments for PML patients. In further
embodiments, the T cells of the invention may be for use in combination with chemotherapy, radiation,
immunosuppressive agents, such as cyclosporin, azathioprine, methotrexate, mycophenolate, and FK506, antibodies,
or other immunoablative agents such as CAMPATH, anti-CD3 antibodies or other antibody therapies, cytoxin,
fludaribine, cyclosporin, FK506, rapamycin, mycoplienolic acid, steroids, FR901228, cytokines, and irradiation. These
drugs inhibit either the calcium dependent phosphatase calcineurin (cyclosporine and FK506) or inhibit the p7036
kinase that is important for growth factor induced signaling (rapamycin) (Liu et al., Cell 66:807-815, 1 1; Henderson et
al., Immun. 73:316-321, 1991; Bierer et al., Citrr. Opin. mm n. 5:763-773, 93). In a further embodiment, the cell
compositions of the present invention are for use in the administration to a patient in conjunction with (e.g., before,
simultaneously or following) bone marrow transplantation, T cell ablative therapy using either chemotherapy agents
such as, fludarabine, external-beam radiation therapy (XRT), cyclophosphamide, or antibodies such as OKT3 or
CAMPATH. In another embodiment, the cell compositions of the present invention are for use in the administration
following B-cell ablative therapy such as agents that react with CD20, e.g., Rituxan. For example, in one embodiment,
subjects may undergo standard treatment with high dose chemotherapy followed by peripheral blood stem cell
transplantation. In certain embodiments, following the transplant, subjects may receive an infusion of the expanded
genetically engineered T-cells of the present invention. In an additional example, expanded cells are administered
before or following surgery.

[0178] Also described herein are methods for treating a patient in need thereof, comprising a) providing at least one
engineered T-cell of the present invention, preferably a population of said T-cell; and b) administering said T-cell or
population to said patient.

[0179] Also described herein are methods for preparing a medicament using at least one engineered T-cell of the
present invention, and preferably a population of said T-cell. Accordingly, the present disclosure provides the use of at
least one engineered T-cell of the present invention, and preferably a population of said T-cell, in the manufacture of a
medicament. Preferably, such medicament is for use in the treatment of a cancer, such as lymphoma, or viral infection.

Other definitions

[0180]

= Amino acid residues in a polypeptide sequence are designated herein according to the one-letter code, in which,
for example, Q means GIn or Glutamine residue, R means Arg or Arginine residue and D means Asp or Aspartic
acid residue.

« Amino acid substitution means the replacement of one amino acid residue with another, for instance the
replacement of an Arginine residue with a Glutamine residue in a peptide sequence is an amino acid substitution.

* Nucleotides are designated as follows: one-letter code is used for designating the base of a nucleoside: a is
adenine, t is thymine, ¢ is cytosine, and g is guanine. For the degenerated nucleotides, r represents g or a (purine
nucleotides), k represents g or t, s represents g or ¢, w represents a or t, m represents a or ¢, y represents t or ¢
(pyrimidine nucleotides), d represents g, a or t, v represents g, a or ¢, b represents g, t or ¢, h represents a, t orc,
and n represents g, a, tor c.

 "As used herein, "nucleic acid" or "polynucleotides” refers to nucleotides and/or polynucleotides, such as
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), oligonucleotides, fragments generated by the polymerase
chain reaction (PCR), and fragments generated by any of ligation, scission, endonuclease action, and
exonuclease action. Nucleic acid molecules can be composed of monomers that are naturally-occurring
nucleotides (such as DNA and RNA), or analogs of naturally-occurring nucleotides (e.g., enantiomeric forms of
naturally-occurring nucleotides), or a combination of both. Modified nucleotides can have alterations in sugar
moieties and/or in pyrimidine or purine base moieties. Sugar modifications include, for example, replacement of
one or more hydroxyl groups with halogens, alkyl groups, amines, and azido groups, or sugars can be
functionalized as ethers or esters. Moreover, the entire sugar moiety can be replaced with sterically and
electronically similar structures, such as aza-sugars and carbocyclic sugar analogs. Examples of modifications in
a base moiety include alkylated purines and pyrimidines, acylated purines or pyrimidines, or other well-known
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heterocyclic substitutes. Nucleic acid monomers can be linked by phosphodiester bonds or analogs of such
linkages. Nucleic acids can be either single stranded or double stranded.

* by "polynucleotide successively comprising a first region of homology to sequences upstream of said double-
stranded break, a sequence to be inserted in the genome of said cell and a second region of homology to
sequences downstream of said double-stranded break” it is intended to mean a DNA construct or a matrix
comprising a first and second portion that are homologous to regions 5' and 3' of a DNA target in situ. The DNA
construct also comprises a third portion positioned between the first and second portion which comprise some
homology with the corresponding DNA sequence in situ or alternatively comprise no homology with the regions &'
and 3' of the DNA target in situ. Following cleavage of the DNA target, a homologous recombination event is
stimulated between the genome containing the targeted gene comprised in the locus of interest and this matrix,
wherein the genomic sequence containing the DNA target is replaced by the third portion of the matrix and a
variable part of the first and second portions of said matrix.

« by "DNA target”, "DNA target sequence”, "target DNA sequence”, "nucleic acid target sequence”, "target
sequence” , or "processing site” is intended a polynucleotide sequence that can be targeted and processed by a
rare-cutting endonuclease according to the present invention. These terms refer to a specific DNA location,
preferably a genomic location in a cell, but also a portion of genetic material that can exist independently to the
main body of genetic material such as plasmids, episomes, virus, transposons or in organelles such as
mitochondria as non-limiting example. As non-limiting examples of RNA guided target sequences, are those
genome sequences that can hybridize the guide RNA which directs the RNA guided endonuclease to a desired
locus.

e« By " delivery vector” or " delivery vectors" is intended any delivery vector which can be used in the present
invention to put into cell contact (i.e "contacting”) or deliver inside cells or subcellular compartments (i.e
"introducing™) agents/chemicals and molecules (proteins or nucleic acids) needed in the present invention. It
includes, but is not limited to liposomal delivery vectors, viral delivery vectors, drug delivery vectors, chemical
carriers, polymeric carriers, lipoplexes, polyplexes, dendrimers, microbubbles (ultrasound contrast agents),
nanoparticles, emulsions or other appropriate transfer vectors. These delivery vectors allow delivery of molecules,
chemicals, macromolecules (genes, proteins), or other vectors such as plasmids, or penetrating peptides. In
these later cases, delivery vectors are molecule carriers.

* The terms "vector" or "vectors" refer to a nucleic acid molecule capable of transporting another nucleic acid to
which it has been linked. A "vector” in the present invention includes, but is not limited to, a viral vector, a plasmid,
a RNA vector or a linear or circular DNA or RNA molecule which may consists of a chromosomal, non-
chromosomal, semi-synthetic or synthetic nucleic acids. Preferred vectors are those capable of autonomous
replication (episomal vector) and/or expression of nucleic acids to which they are linked (expression vectors).
Large numbers of suitable vectors are known to those of skill in the art and commercially available.

[0181] Viral vectors include retrovirus, adenovirus, parvovirus (e. g. adenoassociated viruses), coronavirus, negative
strand RNA viruses such as orthomyxovirus (e. g., influenza virus), rhabdovirus (e. g., rabies and vesicular stomatitis
virus), paramyxovirus (e. g. measles and Sendai), positive strand RNA viruses such as picornavirus and alphavirus, and
double-stranded DNA viruses including adenovirus, herpesvirus (e. g., Herpes Simplex virus types 1 and 2, Epstein-Barr
virus, cytomegalovirus), and poxvirus (e. g., vaccinia, fowlpox and canarypox). Other viruses include Norwalk virus,
togavirus, flavivirus, reoviruses, papovavirus, hepadnavirus, and hepatitis virus, for example. Examples of retroviruses
include: avian leukosis-sarcoma, mammalian C-type, B-type viruses, D type viruses, HTLV-BLV group, lentivirus,
spumavirus (Coffin, J. M., Retroviridae: The viruses and their replication, In Fundamental Virology, Third Edition, B. N.
Fields, et al., Eds., Lippincott-Raven Publishers, Philadelphia, 1996).

« By "lentiviral vector” is meant HIV-Based lentiviral vectors that are very promising for gene delivery because of
their relatively large packaging capacity, reduced immunogenicity and their ability to stably transduce with high
efficiency a large range of different cell types. Lentiviral vectors are usually generated following transient
transfection of three (packaging, envelope and transfer) or more plasmids into producer cells. Like HIV, lentiviral
vectors enter the target cell through the interaction of viral surface glycoproteins with receptors on the cell
surface. On entry, the viral RNA undergoes reverse transcription, which is mediated by the viral reverse
transcriptase complex. The product of reverse transcription is a double-stranded linear viral DNA, which is the
substrate for viral integration in the DNA of infected cells. By "integrative lentiviral vectors (or LV)", is meant such
vectors as non limiting example, that are able to integrate the genome of a target cell. At the opposite by "non
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integrative lentiviral vectors (or NILV)" is meant efficient gene delivery vectors that do not integrate the genome of
a target cell through the action of the virus integrase.

* Delivery vectors and vectors can be associated or combined with any cellular permeabilization techniques such
as sonoporation or electroporation or derivatives of these techniques.

e By "cell” or "cells” is intended any eukaryotic living cells, primary cells and cell lines derived from these organisms
for in vitro cultures.

» By "primary cell” or "primary cells" are intended cells taken directly from living tissue (i.e. biopsy material) and
established for growth in vitro, that have undergone very few population doublings and are therefore more
representative of the main functional components and characteristics of tissues from which they are derived from,
in comparison to continuous tumorigenic or artificially immortalized cell lines.

[0182] As non-limiting examples cell lines can be selected from the group consisting of CHO-K1 cells; HEK293 cells;
Caco2 cells; U2-08S cells; NIH 3T3 cells; NSO cells; SP2 cells; CHO-S cells; DG44 cells; K-562 cells, U-937 cells; MRC5
cells; IMROO0 cells; Jurkat cells; HepG2 cells; HeLa cells; HT-1080 cells; HCT-116 cells; Hu-h7 cells; Huvec cells; Molt 4
cells.

[0183] All these cell lines can be modified by the method of the present invention to provide cell line models to produce,
express, quantify, detect, study a gene or a protein of interest; these models can also be used to screen biologically
active molecules of interest in research and production and various fields such as chemical, biofuels, therapeutics and
agronomy as non-limiting examples.

« by "mutation” is intended the substitution, deletion, insertion of up to one, two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve, thirteen, fourteen, fifteen, twenty, twenty five, thirty, fourty, fifty, or more
nucleotides/amino acids in a polynucleotide (cDNA, gene) or a polypeptide sequence. The mutation can affect the
coding sequence of a gene or its regulatory sequence. It may also affect the structure of the genomic sequence
or the structure/stability of the encoded mRNA.

* by "variant(s)", it is intended a repeat variant, a variant, a DNA binding variant, a TALE-nuclease variant, a
polypeptide variant obtained by mutation or replacement of at least one residue in the amino acid sequence of
the parent molecule.

« by "functional variant” is intended a catalytically active mutant of a protein or a protein domain; such mutant may
have the same activity compared to its parent protein or protein domain or additional properties, or higher or
lower activity.

* By "gene” is meant the basic unit of heredity, consisting of a segment of DNA arranged in a linear manner along a
chromosome, which codes for a specific protein or segment of protein. A gene typically includes a promoter, a 5'
untranslated region, one or more coding sequences (exons), optionally introns, a 3' untranslated region. The
gene may further comprise a terminator, enhancers and/or silencers.

* As used herein, the term "locus” is the specific physical location of a DNA sequence (e.g. of a gene) on a
chromosome. The term "locus” can refer to the specific physical location of a rare-cutting endonuclease target
sequence on a chromosome. Such a locus can comprise a target sequence that is recognized and/or cleaved by
a rare-cutting endonuclease according to the invention. It is understood that the locus of interest of the present
invention can not only qualify a nucleic acid sequence that exists in the main body of genetic material (i.e. in a
chromosome) of a cell but also a portion of genetic material that can exist independently to said main body of
genetic material such as plasmids, episomes, virus, transposons or in organelles such as mitochondria as non-
limiting examples.

» The term "cleavage" refers to the breakage of the covalent backbone of a polynucleotide. Cleavage can be
initiated by a variety of methods including, but not limited to, enzymatic or chemical hydrolysis of a
phosphodiester bond. Both single-stranded cleavage and double-stranded cleavage are possible, and double-
stranded cleavage can occur as a result of two distinct single-stranded cleavage events. Double stranded DNA,
RNA, or DNA/RNA hybrid cleavage can result in the production of either blunt ends or staggered ends.

« By "fusion protein” is intended the result of a well-known process in the art consisting in the joining of two or more
genes which originally encode for separate proteins or part of them, the translation of said "fusion gene" resulting
in a single polypeptide with functional properties derived from each of the original proteins.

o "identity" refers to sequence identity between two nucleic acid molecules or polypeptides. Identity can be
determined by comparing a position in each sequence which may be aligned for purposes of comparison.
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When a position in the compared sequence is occupied by the same base or amino acid, then the
molecules are identical at that position. A degree of similarity or identity between nucleic acid or amino acid
sequences is a function of the number of identical or matching nucleotides or amino acids at positions
shared by the nucleic acid or amino acid sequences, respectively. Various alignment algorithms and/or
programs may be used to calculate the identity between two sequences, including FASTA, or BLAST which
are available as a part of the GCG sequence analysis package (University of Wisconsin, Madison, Wis.),
and can be used with, e.g., default setting. For example, polypeptides having at least 70%, 85%, 90%,
95%, 98% or 99% identity to specific polypeptides described herein and preferably exhibiting substantially
the same functions, as well as polynucleotide encoding such polypeptides, are contemplated.
"inhibiting” or "inhibit" expression of B2M means that the expression of B2M in the cell is reduced by at least 1%,
at least 5%, at least 10%, at least 20%, at least 30%, at least 40%, at least 50% at least 60%, at least 70%, at
least 80%, at least 90%, at least 95%, at least 99% or 100%. More particularly, "inhibiting" or "inhibit" expression
of B2M means that the amount of B2M in the cell is reduced by at least 1%, at least 5%, at least 10%, at least
20%, at least 30%, at least 40%, at least 50% at least 60%, at least 70%, at least 8§0%, at least 90%, at least 95%,
at least 99% or 100%. The expression or amount of protein in a cell can be determined by any suitable means
know in the art, such as ELISA, Immunohistochemistry, Western Blotting or Flow Cytometry using B2M specific
antibodies. Such antibodies are commercially available from various sources, such from Merck Millipore, Billerica,
MA, USA; or Abcam plc, Cambridge, UK.
"inhibiting” or "inhibit" expression of CIITA means that the expression of CIITA in the cell is reduced by at least
1%, at least 5%, at least 10%, at least 20%, at least 30%, at least 40%, at least 50% at least 60%, at least 70%, at
least 80%, at least 90%, at least 95%, at least 99% or 100%. More particularly, "inhibiting" or "inhibit" expression
of CIITA means that the amount of CIITA in the cell is reduced by at least 1%, at least 5%, at least 10%, at least
20%, at least 30%, at least 40%, at least 50% at least 60%, at least 70%, at least 8§0%, at least 90%, at least 95%,
at least 99% or 100%. The expression or amount of protein in a cell can be determined by any suitable means
know in the art, such as ELISA, Immunohistochemistry, Western Blotting or Flow Cytometry using CIITA specific
antibodies. Such antibodies are commercially available from various sources, such from Abcam pic, Cambridge,
UK; or Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA.
"signal-transducing domain" or "co-stimulatory ligand”" refers to a molecule on an antigen presenting cell that
specifically binds a cognate co-stimulatory molecule on a T-cell, thereby providing a signal which, in addition to
the primary signal provided by, for instance, binding of a TCR/CD3 complex with an MHC molecule loaded with
peptide, mediates a T cell response, including, but not limited to, proliferation activation, differentiation and the
like. A co-stimulatory ligand can include but is not limited to CD7, B7-1 (CD80), B7-2 (CD86), PD-L1, PD-L2, 4-
1BBL, OX40L, inducible costimulatory igand (ICOS-L), intercellular adhesion molecule (ICAM, CD30L, CD40,
CD70, CD83, HLA-G, MICA, M1CB, HVEM, lymphotoxin beta receptor, 3/TR6, ILT3, ILT4, an agonist or antibody
that binds Toll ligand receptor and a ligand that specifically binds with B7-H3. A co-stimulatory ligand also
encompasses, inter alia, an antibody that specifically binds with a co-stimulatory molecule present on a T cell,
such as but not limited to, CD27, CD28, 4-IBB, OX40, CD30, CD40, PD-1, ICOS, lymphocyte function-associated
antigen-1 (LFA-1), CD2, CD7, LTGHT, NKG2C, B7-H3, a ligand that specifically binds with CD83.
A "co-stimulatory molecule” refers to the cognate binding partner on a Tcell that specifically binds with a co-
stimulatory ligand, thereby mediating a co-stimulatory response by the cell, such as, but not limited to
proliferation. Co-stimulatory molecules include, but are not limited to an MHC class | molecule, BTLA and Toll
ligand receptor.
A "co-stimulatory signal” as used herein refers to a signal, which in combination with primary signal, such as
TCR/CD3 ligation, leads to T cell proliferation and/or upregulation or downregulation of key molecules.
"bispecific antibody" refers to an antibody that has binding sites for two different antigens within a single antibody
molecule. It will be appreciated by those skilled in the art that other molecules in addition to the canonical
antibody structure may be constructed with two binding specificities. It will further be appreciated that antigen
binding by bispecific antibodies may be simultaneous or sequential. Bispecific antibodies can be produced by
chemical techniques (see e.g., Kranz et al. (1981) Proc. Natl. Acad. Sci. USA 78, 5807), by "polydoma”
techniques (See U.S. Pat. No. 4,474,893) or by recombinant DNA techniques, which all are known per se. As a
non-limiting example, each binding domain comprises at least one variable region from an antibody heavy chain
("VH or H region™), wherein the VH region of the first binding domain specifically binds to the lymphocyte marker
such as CD3, and the VH region of the second binding domain specifically binds to tumor antigen.
The term "extracellular ligand-binding domain” as used herein is defined as an oligo- or polypeptide that is
capable of binding a ligand. Preferably, the domain will be capable of interacting with a cell surface molecule. For
example, the extracellular ligand-binding domain may be chosen to recognize a ligand that acts as a cell surface
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marker on target cells associated with a particular disease state. Thus examples of cell surface markers that may
act as ligands include those associated with viral, bacterial and parasitic infections, autoimmune disease and
cancer cells.

e The term "subject” or "patient" as used herein includes all members of the animal kingdom including non-human
primates and humans.

» The above written description of the invention provides a manner and process of making and using it such that
any person skilled in this art is enabled to make and use the same, this enablement being provided in particular
for the subject matter of the appended claims, which make up a part of the original description.

[0184] Where a numerical limit or range is stated herein, the endpoints are included. Also, all values and subranges
within a numerical limit or range are specifically included as if explicitly written out.

[0185] Having generally described this invention, a further understanding can be obtained by reference to certain
specific examples, which are provided herein for purposes of illustration only, and are not intended to be limiting unless
otherwise specified.

Examples

TALE-nucleases cleaving human CIITA

[0186] mRNA encoding the TALE-nucleases targeting exons of the human CIITA gene were ordered from Cellectis
Bioresearch (8, rue de la Croix Jarry, 75013 PARIS). Table 3 below indicates the target sequences cleaved by each of
the two independent entities (called half TALE-nucleases) each containing a repeat sequence engineered to bind and
cleave between target sequences consisting of two 17-bp long sequences (called half targets) separated by a 15-bp
spacer. Because Exon 2 and 3 are shared by all transcript variants of CIITA, two TALEN pairs were designed for Exon 2
and 3. No obvious offsite targeting in the human genome have been predicted using TALE-Nucleases targeting these
sequences.

Table 3: Description of the CIITA TALE-nucleases and related target sequences

Target name Target sequence

TTCCCTCCCAGGCAGCTC
acagtgtgccacca
TGGAGTTGGGGCCCCTA
(SEQ ID NO: 55)

TALEN 1_Exon 2_CMH-II-TA

TGCCTCTACCACTTCTA

TALEN 2_Exon 2_CMH-II-TA Tgaccagatggacct
- - GGCTGGAGAAGAAGAGA

(SEQ ID NO: 56)

S5’ TCTTCATCCAAGGGACT

TALEN 1_Exon3_CMH-II-TA Tticcteceagaace
CGACACAGACACCATCA

(SEQ ID NO; 57)

TGTTGTGTGACATGGAA
TALEN 2_Exon3_CMH-II-TA Ggtgatgaagagacc
AGGGAGGCTTATGCCAA
(SEQ ID NO: 58)
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TALE-nucleases cleaving human $2m

[0187] mRNA encoding the TALE-nucleases targeting exons of the human 2m gene were ordered from Cellectis
Bioresearch (8, rue de la Croix Jarry, 75013 PARIS). Table 4 below indicates the target sequences cleaved by each of
the two independent entities (called half TALE-nucleases) each containing a repeat sequence engineered to bind and
cleave between target sequences consisting of two 17-bp long sequences (called half targets) separated by a 15-bp
spacer.

Table 4: Description of the f2m TALE-nucleases and related target sequences

Target name Target sequence Half TALE-nuclease sequence
5 CCAAAGATTCAGGTTT Repeat B2M-T03-L (pCLS24605) SEQ ID NO:
actcacgtcatccage (spacer) 67
BzM—T03 AGAGAATGGAAAGTC-3'
(SEQIDNO: 59) B2M_T03-R (pCLS24606) SEQ ID NO: 68

TALE-nucleases cleaving human TCR genes (TRAC and TRBC)

[0188] The human genome contains two functional T-cell receptor beta chains (TRBC1 and TRBC2). During the
development of alpha/beta T lymphocytes, one of these two constant chains is selected in each cell to be spliced to the
variable region of TCR-beta and form a functional full length beta chain. Table 5 below presents a TRAC and 2 TRBC
target sequences and their corresponding TALEN sequences. The 2 TRBC targets were chosen in sequences
conserved between TRBC1 and TRBC2 so that the corresponding TALE-nuclease would cleave both TRBC1 and
TRBC2 at the same time.

Table 5 Description of the TRAC and TRBC TALE-nucleases and sequences of the TALE-nucleases target sites in the
human corresponding genes.

Target Target sequence Half TALE-nuclease
TRAC_TO1-L TALEN (SEQ ID
TTGTCCCACAGATATCC NO: 69)
Agaaccctgaccctg ’
TRAC_TO1
— CCGTGTACCAGCTGAGA
(SEQ ID NO: 60) TRAC_T01;\IROTA7I6)EN (SEQID
TRBC_TO01-L TALEN (SEQ ID
TGTGTTTGAGCCATCAG NO: 71)
TRBC_T01 aagcagagatctcee
ACA(CSCECQAI‘;ASS,GGCSACA TRBC_T01-R TALEN (SEQ ID
' NO: 72)
TRBC_TO02-L TALEN (SEQ ID
TTCCCACCCGAGGTCGC NO: 73)
tgtgtttgageeatca
TRBC—T02 GAAGCAGAGATCTCCCA

TRBC_T02-R TALEN (SEQ ID

{SEQ ID NO: 62) NO: 74)

[0189] Other target sequences in TRAC and CD52 genes have been designed, which are displayed in Table 6.
Table 6: Additional target sequences for TRAC TALE-nucleases.
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Target Target sequence

TTTAGAAAGTTCCTGTG
atgtcaagctggteg
AGAAAAGCTTTGAAACA
{SEQ ID NO: 63)

TRAC_T02

TCCAGTGACAAGTCTGT

ctgectattcaccga
TRAC_TO03 TITTGATTCTCAAACAA

(SEQ.ID NO: 64)

TATATCACAGACAAAAC

tgtgctagacatgag
TRAC_T04 GTCTATGGACTTCAAGA

(SEQ 1D NO: 65)

TGAGGTCTATGGACTTC

aagagcaacagtgct
TRAC_TOS GTGGCCTGGAGCAACAA

{SEQ ID NO: 66)

Electroporation of mRNA of purified Tcells activated using Cytopulse Technology

[0190] After determining the best cytopulse program that allows an efficient DNA electroporation of T cells, we tested
whether this method was applicable to the mRNA electroporation.

[0191] 5x106 purified T cells preactivated 6 days with PHA/IL2 were resupended in cytoporation buffer T (BT X-Harvard
apparatus) and electroporated in 0.4 cm cuvettes with 10pg of mMRNA encoding GFP or 20pg of plasmids encoding GFP
or pUC using the preferred cytopulse program of table 7.

Table 7: Cytopulse program used to electroporate purified T-cells.

Group 1 Group 2 Group 3
Cytopulse duration § Interval duration { Interval duration §{ Interval
roaram Pulsei V (ms) (ms) Pulsej V (ms) (ms) Pulsej V (ms) (ms)
3 1 1200 0.1 0.2 1 1200 0.1 100 4 130 0.2 2

[0192] 48h after transfection cells were stained with viability dye (eFluor-450) and the cellular viability and % of viable
GFP+ cells was determined by flow cytometry.

[0193] The electroporation of RNA with the optimal condition determined here was not toxic and allowed transfection of
more than 95% of the viable cells.

[0194] In synthesis, the whole dataset shows that T-cells can be efficiently transfected either with DNA or RNA. In
particular, RNA transfection has no impact on cellular viability and allows uniform expression levels of the transfected
gene of interest in the cellular population.

[0195] Efficient transfection can be achieved early after cellular activation, independently of the activation method used
(PHA/IL-2 or CD3/CD28-coated-beads). The inventors have succeeded in transfecting cells from 72h after activation
with efficiencies of >95%. In addition, efficient transfection of T cells after thawing and activation can also be obtained
using the same electroporation protocol.
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MRNA electroporation in primary human T cells for TALE-nuclease functional expression

[0196] After demonstrating that mRNA electroporation allow efficient expression of GFP in primary human T cells, we
tested whether this method was applicable to the expression of other proteins of interest. Transcription activator-like
effector nucleases (TALE-nuclease) are site-specific nucleases generated by the fusion of a TAL DNA binding domain to
a DNA cleavage domain. They are powerful genome editing tools as they induce double-strand breaks at practically any
desired DNA sequence. These double-strand breaks activate Non-homologous end-joining (NHEJ), an error-prone DNA
repair mechanism, potentially leading to inactivation of any desired gene of interest. Alternatively, if an adequate repair
template is introduced into the cells at the same time, TALE-nuclease-induced DNA breaks can be repaired by
homologous recombination, therefore offering the possibility of modifying at will the gene sequence.

[0197] We have used mRNA electroporation to express a TALE-nuclease designed to specifically cleave a sequence in
the human gene coding for the alpha chain of the T cell antigen receptor (TRAC). Mutations induced in this sequence
are expected to result in gene inactivation and loss of TCRap complex from the cell surface. TRAC TALE-nuclease RNA
or non-coding RNA as control are transfected into activated primary human T lymphocytes using Cytopulse technology.
The electroporation sequence consisted in 2 pulses of 1200 V followed by four pulses of 130 V as described in Table 7.

[0198] By flow cytometry analysis of TCR surface expression 7 days post electroporation (Figure 4, top panel), we
observed that 44% of T cells lost the expression of TCRap. We analyzed the genomic DNA of the transfected cells by
PCR amplification of the TRAC locus followed by 454 high throughput sequencing. 33% of alleles sequenced (727 out of
2153) contained insertion or deletion at the site of TALE-nuclease cleavage.

[0199] These data indicate that electroporation of MRNA using cytopulse technology results in functional expression of
TRAC TALE-nuclease.

Activity of TRAC-TALE-nuclease and TRBC-TALE-nuclease in HEK293 cells

[0200] Each TALE-nuclease construct was subcloned using restriction enzyme digestion in a mammalian expression
vector under the control of pEF1alpha long promoter. One million HEK293 cells were seeded one day prior to
transfection. Cells were transfected with 2.5 pg of each of the two plasmids encoding the TALE-nucleases recognizing
the two half targets in the genomic sequence of interest in the T-cell receptor alpha constant chain region (TRAC) or T-
cell receptor beta constant chain region (TRBC) under the control of the EF1-alpha promoter or 5 pg of a control pUC
vector (pCLS0003) using 25 pl of lipofectamine (Invitrogen) according to the manufacturer's instructions. The double
stranded cleavage generated by TALE-nucleases in TRAC coding sequences is repaired in live cells by non
homologous end joining (NHEJ), which is an error-prone mechanism. Activity of TALE-nucleases in live cells is
measured by the frequency of insertions or deletions at the genomic locus targeted. 48 hours after transfection,
genomic DNA was isolated from transfected cells and locus specific PCRs were performed using the following primers:
for TRAC: 5'-ATCACTGGCATCTGGACTCCA-3' (SEQ ID NO: 75), for TRBC1: 5'-AGAGCCCCTACCAGAACCAGAC-3'
(SEQ ID NO: 786, or for TRBC2: 5'- GGACCTAGTAACATAATTGTGC-3' (SEQ ID NO: 77), and the reverse primer for
TRAC: 5'-CCTCATGTCTAGCACAGTTT-3'(SEQ ID NO: 78), for TRBC1 and TRBC2: 5'-
ACCAGCTCAGCTCCACGTGGT-3' (SEQ ID NO: 79). PCR products were sequenced by a 454 sequencing system (454
Life Sciences). Approximately 10,000 sequences were obtained per PCR product and then analyzed for the presence of
site-specific insertion or deletion events; results are in Table 8.

Table 8: Percentages of indels for TALE-nuclease targeting TRAC_T01, TRBC_TO01 and TRBC_TO02 targets.

Target % Indels with TALE-nuclease % Indels with pUC control
9 transfection transfection

TRAC_TO1 41.9 0.3

IRBC_T01 in constant chain 3 81 0

;’RBC_T01 in constant chain 2 59 0
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Target % Indels with TALE-nuclease % Indels with pUC control
9 transfection transfection

]’RBC_TOZ in constant chain 147 0

IRBC_TOZ in constant chain 599 0

Activity of $2m and TRAC-TALE-nuclease in primary T lymphocytes

[0201] Each TALE-nuclease construct was subcloned using restriction enzyme digestion in a mammalian expression
vector under the control of the T7 promoter.

[0202] mRNA encoding TALE-nuclease cleaving 2m, TRAC and TRBC genomic sequence were synthesized from
plasmid carrying the coding sequences downstream from the T7 promoter. T lymphocytes isolated from peripheral
blood were activated for 5 days using anti-CD3/CD28 activator beads (Life technologies) and 5 million cells were then
transfected by electroporation with 10 pg of each of 2 mMRNAs encoding both half TALE-nuclease (or non coding RNA as
controls) using a CytoLVT-P instrument. As a consequence of the insertions and deletions induced by NHEJ, the coding
sequence for 2m and/or TRAC will be out of frame in a fraction of the cells resulting in non-functional genes. 5 days
after electroporation, cells were labeled with fluorochrome-conjugated anti-B2m or anti-TCR antibody by flow cytometry
for the presence of p2m or TCR at their cell surface. Since all T lymphocytes expanded from peripheral blood normally
express B2m and TCR, the proportion of f2m-negative or TCR-negative cells is a direct measure of TALE-nuclease
activity.

Functional analysis of T cells with targeted TRAC gene

[0203] The goal of TRAC gene inactivation is to render T lymphocytes unresponsive to T-cell receptor stimulation. As
described in the previous paragraph, T lymphocytes were transfected with mRNA encoding TALE-nuclease cleaving
TRAC. 16 days after transfection, cells were treated with up to 5ug/ml of phytohemagglutinin (PHA, Sigma-Aldrich), a T-
cell mitogen acting through the T cell receptor. Cells with a functional T-cell receptor should increase in size following
PHA treatment. After three days of incubation, cells were labeled with a fluorochrome-conjugated anti-TCR antibody and
analyzed by flow cytometry to compare the cell size distribution between TCR-positive and TCR-negative cells. Figure 3
shows that TCR-positive cells significantly increase in size after PHA treatment whereas TCR-negative cells have the
same size as untreated cells indicating that TRAC inactivation rendered them unresponsive to TCR-signaling.

Functional analysis of T cells with targeted $2m gene

[0204] Similarly to the above, the TALEN-transfected cells and control cells (transfected without RNA) were stained with
fluorochrome labeled antibody against B2M protein as well as an antibody recognizing all three classes MHC-I
molecules (HLA-A, -B or-C). TALEN transfection induced loss of surface expression of B2M and MHC-I molecules in
more than 37% of T cells. See Figure 5

Genomic safety of 2m-TALE-nuclease and TRAC-TALE-nuclease in primary T lymphocytes

[0205] As our constructs include nuclease subunits, an important question is whether multiple TALE-nuclease
transfection can lead to genotoxicity and off-target cleavage at 'close match' target sequences or by mispairing of half-
TALE-nucleases. To estimate the impact of TRAC-TALE-nuclease and B2m-TALE-nuclease on the integrity of the
cellular genomes, we listed sequences in the human genome that presented the potential for off-site cleavage. To
generate this list, we identified all the sequences in the genome with up to 4 substitutions compared to the original half
targets and then identified the pairs of potential half targets in a head to head orientation with a spacer of 9 to 30 bp
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from each other. This analysis included sites potentially targeted by homodimers of one half-TALE-nuclease molecule or
heterodimers formed by one 2m half TALE-nuclease and one TRAC half-TALE-nuclease. We scored the potential off-
site targets based on the specificity data taking into account the cost of individual substitutions and the position of the
substitutions (where mismatches are better tolerated for bases at the 3' end of the half target). We obtained 173 unique
sequences with a score reflecting an estimation of the likelihood of cleavage. We selected the 15 top scores and
analyzed by deep sequencing the frequency of mutations found at these loci in T cells simultaneously transfected with
B2m and TRAC TALE-nuclease and purified by magnetic separation as p2m -negative, TCRaop-negative. Results

showed that the highest frequency of insertion/deletion is 7x10-4. These results make the putative offsite target at least
600 times less likely to be mutated than the intended targets. The TALE-nuclease reagents used in this study therefore
appear extremely specific.

Electroporation of T cells with a monocistronic mRNA encoding for an anti-CD19 single chain chimeric antigen
receptor (CAR):

[0206] 5X106 T cells preactivated several days (3-5) with anti-CD3/CD28 coated beads and IL2 were resuspended in
cytoporation buffer T, and electroporated in 0.4cm cuvettes without mRNA or with 10pg of mRNA encoding a single
chain CAR (SEQ ID NO: 6) using the program described in Table 7.

[0207] 24 hours post electroporation, cells were stained with a fixable viability dye eFluor-780 and a PE-conjugated goat
anti mouse 1gG F(ab')2 fragment specific to assess the cell surface expression of the CAR on the live cells. The data is
shown in the figure 6. A indicates that the vast majority of the live T cells electroporated with the monocitronic mRNA
described previously express the CAR at their surface. 24 hours post electroporation, T cells were cocultured with Daudi
(CD19+) cells for 6 hours and analyzed by flow cytometry to detect the expression of the degranulation marker CD107a
at their surface (Betts, Brenchley et al. 2003).

[0208] The data shown in figure 6 indicates that the majority of the cells electroporated with the monocistronic mRNA
described previously degranulate in the presence of target cells expressing CD19. These results clearly demonstrate
that the CAR expressed at the surface of electroporated T cells is active.

[0209] In the following examples, to prolong their survival and enhance their therapeutic activity, the inventors describe
a method to prevent NK-cell mediated rejection of therapeutic allogeneic T cells by engineering the allogenic T cells
through the inactivation of the B2M gene using specific TALEN, combined to either: i) the expression of a chimeric single
chain molecule composed of UL18 and p2M B2M-UL18) or ii) the secretion of NKG2D ligands. The particularity resides
in applying to primary T cells a mechanism occuring normally in tumor cells or virally infected cells. Thus, the
mechanism of action is potentially different: in tumor cells, shedding NKG2D ligands leads to their decreased presence
at the surface whereas in engineered cells, secreted the NKG2D ligand(s) would serve as a decoy for several other
NKG2D ligands potentially still present at the T cell surface..

Efficient B2M gene knock out using specific B2M TALEN.

[0210] Specific TALEN targeting a sequence (T01, SEQ ID N°81) within the first coding exon of the B2M gene
(GenBank accession number NC_000015) has been produced (left DNA binding domain RVDs: NN-NN-HD-HD-NG-NG-
NI-NN-HD-NG-NN-NG-NN-HD-NG-NG with SEQ ID NO: 82, and right DNA binding domain RVDs: NI-NN-HD-HD-NG-
HD-HD-NI-NN-NN-HD-HD-NI-NN-NI-NG with SEQ ID NO: 83). The Table 9 below reports sequences for T01 targeting
sequence, as well as for 2 additional targets T02 and T03 and their corresponding left and right TALE sequences.

Table 9: Description of additional $2m TALE-nucleases sequences

Target SEQ
g ID Half TALE-nuclease sequence
name
NO :
TO1 80 {TCTCGCTCCGTGGCCTTAGCTGTGCTCGCGCTACTCTCTCTTTCTGGCCTGGAGGCTA
Beta2M
target
TO1 81
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TALEN
BetazM
LEFT

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATTACCCATACGATGTTCCAGATTACGCTATCGATA
TCGECGATCTACGCACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATCAAACCGAAGGTTCGTTCGA
CAGTGGCGLAGCACCACGAGGCACTGGTCGGCCACGGGTTTACACALGCG CACATCGTTGCGTTAAGCC
AACACCCGGCAGCGTTAGGGACCGTCGCTGTCAAGTATCAGGACATGATCGCAGCGTTGCCAGAGGLGA
CACACGAAGCGATCGTTGGCGTCGGCAAACAGTGGT CCGGLGCACGLGCTCTGGAGGLCTTGCTCACGG
TGGCGGGAGAGTTGAGAGGTCCACCGTTACAGTTGGACACAGGCCAACTTCTCAAGATTGCAAAACGTG
GLGGCGTGACCGCAGTGGAGGCAGTGCATGCATGGLG CAATGCACTGACGGGTGCCCCGLTCAACTTGA
CCCCCCAGCAGGTGGTGGUCATCGECCAGCAATAATGGTGGCAAGCAGGLGLTGGAGACGGTCCAGLGG
CTGTTGCCGGTGCTGTGCCAGG CCCACGGCTTGACCCCCCAG CAGGTGGTGGCCATCGCCAGCAATAATG
GTGGCAAGLAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCE
CGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGCAAGCAGGCGLTGGAGACGGTCCAGLGGLTG
TIGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATEGCCAGCCACGATGGT
GGCAAGCAGG CGCTGGAGACGGTCCAGCGGLTGTTGCCGGTGCTGTG CCAGGCLCACGGCTTGACCECC
CAGCAGGTGGTGGCCATCGECAGCAATGGCGGTGGCAAGCAGGLGCTGGAGACGGTCCAGCGGCTGTT
GCCGETGCTGTGCCAGGCLCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGG CGGTGG

CAAGCAGGCGLTGGAGACGGTCCAGCGGCTGTIGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGA
GCAGGTGGTGGLCATCGCCAGCAATATTGGTGGCAAGCAGGLGCTGGAGACGGTGCAGGLGCTGTIGC
CGGTGLTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCG CCAGCAATAATGGTGGCA
AGCAGGLGCTGGAGACGGTCCAGLGGLTGTTGCCGGTGCTGTGLLAGGCCCACGG CTTGACCCLGGAGL
AGGTGGTGGCCATCGCCAGCCACGATGG CGGCAAGCAGGCGLTGGAGACGGTCCAGCGGLTGTTGCLG
GTGCTGTGCLAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAG
CAGGLGCTGGAGACGGTCCAGCGGLTGTTGCCGGTGCTGTGCCAGG CCCACGGCTTGALCECCCAGCAG
GTGGTGGCCATCGCCAG CAATAATGGTGGCAAG CAGGCGCTGGAGALGG TCCAGCGGCTGTIGCCGGT
GCTGTGCCAGG CCCACGGCTTGALCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCA
GGCGCTGGAGACGGTCCAGCGGLTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGT
GGTGGCCATCGCCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGLT
GTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCG CCAGCCACGATGG CGGCAAGCAGG
CGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGLAGGTGG
TGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGT
GCCAGGCCCACGGCTTGACCCCTCAGCAGGTGGTGGLCATCGCCAGCAATGGCGGCGGCAGGLCGGLGL
TGGAGAGCATIGTTGCCCAGTTATCTCGECCTGATECGGCGTTGGCCGCGTTEACCAACGACCACCTCGTC
GCCTTGGECCTGCCTCGGCGGGLGTCCTGCGCTGGATGLAGTGAAAAAGGGATTGGGGGATCCTATCAGC
CGTTCCCAGCTGGTGAAGTCCGAGCTGGAGGAGAAGAAATCLGAGTIGAGGCACAAGCTGAAGTACGTG
CCCCACGAGTACATCGAGCTGATCGAGATCGLCCGGAACAGCACCCAGGACCGTATCCTGGAGATGAAG
GIGATGGAGTTCTTCATGAAGGTGTACGGCTACAGGGGCAAGCACCTGGGCGGCTCCAGGAAGCCCGAC
GGCGCCATCTACACCGTGGGETCCCCCATCGACTACGGCGTGATCGTGGACACCAAGGCCTACTCCGGCG
GCTACAACCTGCCCATCGGLCAGGCCGACGAAATGCAGAGGTACGTGGAGGAGAACCAGACCAGGAAC
AAGCACATCAACCCCAALGAGTGGTGGAAGGTGTALCCCTCCAGCGTGACCGAGTTCAAGTTCLTGTTCG
TGTCCGGCCACTTCAAGGGCAACTACAAGGCCCAG CTGACCAGGCTGAACCACATCACCAACTGCAACGS
CGCCGTGCTGTCCGTGGAGGAGCTCCTGATCGGCGGCGAGATGATCAAGGCLGGCACCCTGACCCTGGA
GGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTTCGCGGCCGACTGATAA

TO1
TALEN
BetazM
RIGHT

82

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATAAGGAGACCGCCGCTGCCAAGTTCGAGAGACAG
CACATGGACAGCATCGATATCGCCGATCTACGCACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATC
AAACCGAAGGTTCGTTCGACAGTGGCGLAGCACCACGAGGLACTGGTCGGCCACGGGTTTACACACGLG
CACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGTCGCTGTCAAGTATCAGGACATGATCG
CAGCGTTGCCAGAGG CGACACACGAAGCGATCGTIGGCGTCGGCAAACAGTGGTLCGGLGCACGCGCTE
TGGAGGCCTIGCTCACGGTGGLGGGAGAGTTGAGAGG TCCACCG TTACAGTIGGACACAGGCCAACTTC
TCAAGATTGCAAAACGTGGCGGLGTGACCGCAGTGGAGGCAGTGCATGLATGGCGLAATGCACTGACG
GGTGCCCCGCTCAACTTIGACCCCGGAGCAGGTGGTGGCCATCGCCAGCAATATIGGTGGCAAGCAGGLG
CTGGAGACGGTGCAGGCGCTGTTGCLGGTGLTGTGCCAGGCCCALGGCTTGACCCCCCAGCAGGTGGTG
GCCATCGCCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCEGCTGTTGCCGGTGLTGTGC
CAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGG CGGCAAG CAGGCGLT
GGAGACGGTCCAGCGGCTGTTGLCGGTGCTGTGLLAGGCCCACGGCTTGACCCLGGAGEAGGTGGTGG
CCATCGCCAGCCACGATGGCGG CAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCC
AGGCCCACGGCTTGACCCCCCAGLAGGTGGTGGCCATCGLCAGCAATGGCGGTGGCAAGCAGGLGCTG
GAGACGGTCCAGLGGCTGTTGCCGGTGCTGTGLCAGGCCCACGLETTGACCCCGGAGCAGGTGGTGGLC
ATCGCCAGLCACGATGG GG CAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGLCAG
GCCCACGGLTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGCAAGCAGGLGCTGRA
GACGGTCCAGCGGCTGTTGCCGGTGLTGTGCCAGGLCCACGGCTTGACCCCGGAGCAGGTGGTGGCCAT
CGCCAGCAATATTGGTGGCAAGCAGGEGCTGGAGACGGTGCAGGLGCTGTIGCCGGTGCTGTGCCAGG
CCCACGGCTTGACCCCCCAGCAGGTGGTEGCCATCGCCAGCAATAATGGTGGCAAGCAGGLGCTGGAGA
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CGGTCCAGCGGCTGTTGCOGGTGCTGTGCCAGGCCCALGG CTTGACCCCCCAGCAGGTGGTGGCCATCG
CCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGLTGTTGCCGGTGCTGTGCCAGGCCC
ACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGG CGGCAAGCAGGCGCTGGAGACG
GTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCT
AGCCACGATGGCGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGLCCA
CGGCTTGACCCCGGAGCAGGTGGTGGCCATCGUCAGCAATATTGGTGGCAAGCAGGLGCTGGAGALGG
TGCAGGLGCTGTTGCCGGTGCTGTGCCAGGCLCACGG CTTGACCCCCCAGLAGGTGGTGGCCATCGCCA
GCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGUGGLTGTTGCCGGTGCTGTGLCAGGTLCACG
GCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTG
CAGGCGCTGTTGECGGTGCTGTGCCAGGCCCACGGLTTGACCCCTCAGCAGGTGGTGGCCATCGCCAGC
AATGGCGGCGGCAGG CCGGCGCTGGAGAGCATTGTTGCCCAGTTATCTCGCCCTGATCCGGCGTIGGEC
GCGTTGACCAACGACCACCTCGTCGCCTTGGLCTGCCTCGGEGGGLGTCCTGCGCTGGATG CAGTGAAAA
AGGGATTGGGGGATCCTATCAGCCGTTCCLAGCTG GTGAAGTCCGAGCTGGAGGAGAAGAAATCCGAGT
TGAGGCACAAGCTGAAGTACGTGCCCCACGAGTACATCGAGCTGATCGAGATEGCCCGGAACAGCACCC
AGGACCGTATCCTGGAGATGAAGGTGATGGAGTTCTTCATGAAGGTGTACGGCTACAGGGGCAAGCACC
TGGGCGGCTCCAGGAAGCCCGACGG CGCCATCTACACCGTGGGCTCCCCCATCGACTACGGCGTGATCGT
GGACACCAAGGCCTACTCCGGCGGCTACAACCTG CCCATCGG CCAGGCCGACGAAATG CAGAGGTALGT
GGAGGAGAACCAGACCAGGAACAAGCACATCAACCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGCGT
GACCGAGTTCAAGTTCCTGTTUGTGTCCGGCCACTTCAAGGGCAACTACAAGGCCCAGCTGACCAGGCTG
AACCACATCACCAACTGCAACGGCGCEGTGCTGTCCGTGGAGGAGLTCCTGATCGGCGGCGAGATGATC
AAGGCCGGCACCCTGACCCTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTTCGCGGC
CGACTGATAA

TO2
Beta2M
target

83

TCCAAAGATTCAGGTTTACTCACGTCATCCAGCAGAGAATGGAAAGTCAA

TO2
TALEN
BetazM
LEFT

84

ATGGGLGATCCTAAAAAGAAACGTAAGGTCATCGATTACCCATACGATGTTCCAGATTACGCTATCGATA
TCGCCGATCTACGCACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATCAAACCGAAGGTTCGTTCGA
CAGTGGCGCAGCACCACGAGGCACTGGTCGGCCACGGGTITACACACGCGCACATCGTTGEGTTAAGCC
AACACCCGGCAGCGTTAGGGACCGTCGCTGTCAAGTATCAGGACATGATCG CAGCGTTGCCAGAGGCGA
CACACGAAGCGATCGTTGGCGTCGGLAAACAGTGGTCCGGCGLACGLGCTCTGGAGGCCTTGCTCACGG
TGGCEGGAGAGTTGAGAGGTCCACCGTTACAGTTGGACACAGGCCAACTTCTCAAGATTGCAAAACGTG
GCGGCGTGACCGCAGTGGAGGCAGTGCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTTGA
CCCCGEAGCAGGTGGTGGCCATCGCCAGCCACGATGG CGGCAAGCAGGCGCTGGAGACGGTCCAGLGG
LCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGATGGCCATCGCCAGCCACGAT
GGCGGCAAGCAGGCGCTGGAGATGGTCCAGCGGCTGTTGCCGGTGCTGTG CCAGGCCCACGGCTTGAT
CCCGGAGCAGGTGGTGGCCATCGCCAGCAATATTGGTGG CAAGLAGG CGCTGGAGACGGTGCAGGCGC
TGTTGCCGGTGCTGTGCCAGGLCCACGGLTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCAATATTG
GTGGCAAGCAGGCGLTGGAGACGGTGCAGGCGLTGTTGCCGGTGLTGTG CCAGG CCCACGGCTTGACCC
CGGAGCAGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGLGCTGGAGALGGTGCAGGLGCTG
TTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATAATGGT
GGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCLCG
GAGCAGGTGGTGGCCATCGCCAGCAATATIGGTGGCAAG CAGGCGCTGGAGACGGTGCAGGCGCTGTT
GCLGGTGCTGTGCCAGGCCCACGGLTTGACCCCCCAGCAGGTGGTGGCLATCGCCAGCAATGGCGGTGG
CAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGLTTGACCCCLCA

GCAGGTGGTGGCCATCGCCAGCAATGGCGG TGG CAAGCAGG CGCTGGAGACGGTCCAGCGGCTGTTGE
CGGTGCTGTGCCAGGCLCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGLGGCA
AGCAGGCGCTGGAGACGGTCCAGCGGTTGTTGCCGGTGCTGTGCCAGGLCCACGGCTTGACCCCGGAGC
AGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGG CGETGGAGACGGTGCAGGCGCTGTIGCCG
GTGCTGTGCCAGGCCCATGGCTTGACCCCCCAGCAGGTGGTGGCCATCGLCAGCAATAATGGTGGCAAG
CAGGCGCTGGAGACGGTCCAGCGGCTGTTGLCGG TG CTGTG CCAGGCCCACGG CTTGACCCCCCAG CAG
GTGGTGGCCATCGLCAGCAATAATGGTGGCAAGCAGGCGLTGGAGACGGTCCAGCGGLTGTIGLCGGT
GCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGG TGGCCATCGCCAGCAATGGCGGTGGCAAGCA
GGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTIGACCCCCCAGCAGGT
GGTGGCCATCGCCAGCAATGGLGGTGGCAAGCAGGLGCTGGAGACGGTCCAGCGGCTGTTGLCGGTGC
TGTGCCAGGCCCACGGCTTGACCCCTCAGCAGGTGGTGGCCATCGCCAGCAATGG CGGCGGLAGGCCGE
CGCTGGAGAGCATTGTIGCCCAGTTATCTCGCCCTGATCCGGCGTTGGCCGCGTTGACCAACGACCACCT
LGTCGLCTTGGCCTGCCTCGG CGGGLGTCLTGCG CTGGATGCAGTGAAAAAGGGATTGGGGGATCCTAT
CAGCCGTTCCCAGCTGGTGAAGTCCGAGCTGGAGGAGAAGAAATCCGAGTTGAGGCACAAGCTGAAGTA
CGTGCCCCACGAGTACATCGAGCTGATCGAGATCG CCCGGAACAGCACCCAGGACCGTATCCTGGAGAT

GAAGGTRATRGAGTTITTINATGAAGGTGTACGGCTACAGGGGCAAGIRANCTRAGOGGITCCAGGAAGE
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CCGACGGCGCCATCTACACCGTGGGCTCLCCCATCGACTACGGCGTGATCGTGGACACCAAGGCCTACTC
CGGCGGCTACAACCTGCCCATCGGLCAGGCCGACGAAATG CAGAGGTACGTGGAGGAGAACCAGACCA
GGAACAAG CACATCAACLCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGCGTGACCGAGTTCAAGTTCCT
GTTCGTGTCCGGCCACTICAAGGGCAACTACAAGG CCCAGCTGACCAGGCTGAACCACATCACCAACTGC
AACGGCGCCGTGLTGTCCGTGGAGGAGCTCCTGATCGGLGGCGAGATGATCAAGG CCGGTCACCCTGALC

CTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTTCGCGGCCGACTGATAA

TO2
TALEN
BetazM
RIGHT

85

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATAAGGAGACCGCCGCTGLCAAGTTCGAGAGACAG
CACATGGACAGCATCGATATCGCCGATCTACG CACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATC
AAACCGAAGGTTCGTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGGCCACGGGTTTACACACGCG.
CACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCE TCGCTGTCAAGTATCAGGACATGATCG
CAGCGTTGCCAGAGGCGACACACGAAGCGATCGTTGGCGTCGGLAAACAGTGGTCCGGEGCACGLGCTC
TGGAGGCCTTGCTCACGGTGGLGGGAGAGTTGAGAGGTCCACCGTTACAGTIGGACACAGGCCAACTTC
TCAAGATTGCAAAACGTGGCGGCGTGACCGCAGTGGAGG CAGTGCATGCATGGCGCAATGCACTGACG
GGTGCCCCGCTCAACTTGACCCCCCAGCAGGTGGTGGUCATCGLCAGCAATAATGGTGGLAAGLAGGCG
CTGGAGACGGTCCAGCGGLTGTTIGCCGGTGCTETGLCAGGCCCACGGLTTGACCCCGGAGCAGGTGGTG
GCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTGTTGCCGGTGCTGTGE
CAGGCCCACGGCTTGACECCGGAGCAGGTGGTGGECATEGCCAGCCACGATGGCGGCAAGCAGGCGLT
GGAGACGGTCCAGLGG CTGTTGCLGGTGCTGTGCCAGGCCCACGGCTTGACCLCCCAGCAGGTGGTGGL
CATCGCCAGCAATGGEGGTGGCAAGCAGGLGCTGGAGACGGTCCAGLGGLTGTTGCCGGTGCTGTGLCA
GGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGLAAGCAGGCGCTGG
AGACGGTCCAGCGGCTGTTGCCGGTGLTGTGCCAGGCCCALGGCTTGACCCCCCAGLAGGTGGTGGCCA
TCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTIGCCGGTGCTGTGCCAG
GCCCACGGLTTGACCCCGEAGCAGGTGGTGGCCATCGLCAGCCACGATGG CGGLAAGCAGG CGCTGGA
GACGGTCCAGCGGCTGTTGCCGGTGCTGTGLCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCAT
CGCCAGCCACGATGGCGGCAAGCAGGCGLTGGAGACGGTCCAGLGGCTGTTGCCGGTGCTGTGLCAGG
CCCACGGCTTGACCCLGGAGCAGGTGGTGGLCATCGCCAGCAATATIGGTGGCAAGCAGGCGCTGGAGA
CGGTGCAGGCGCTGTTGCCGGTGCTGTGCCAGGCLLACGGUTTGACCCLCCAGLAGGTGGTGGCLATCG
CCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGLGGCTGTIGCEGGTGCTGTGLCAGGLC
CACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGLAATGGCGGTGGCAAGCAGGCGCTGGAGAL
GGTCCAGCGE CTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGG TGGTGGLCATCGL

CAGCCACGATGGLGGCAAGCAGG CGCTGGAGACGGTCCAGCGGCTGTIGCCGGTGCTGTGLCAGGCCC
ACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACG
GTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGLCCACGGCTTGACCCCGGAGCAGGTGGTGGCLATCGCT
AGCCACGATGGCGGCAAGCAGGCGITGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCA
CGGCTTGACCCCCCAGLAGGTGGTGGLCATCGCCAGLAATGGLGGTGGLAAGCAGGCGCTGGAGACGG
TCCAGCGGCTGTTGCCGGTGCTG TGCCAGGCCCACGGCTTGACCCCTCAGCAGGTGGTGGCCATCGCCAG
CAATGGCGGCGECAGGLCGGCGCTGGAGAGCATTGTTGCCLAGTTATCTCGLCCTGATCCGGCGTTGGE
CGCGTTGACCAACGACCACCTCGTCGCCTTGGCCTGCCTCGGCGGGCGTCETGCGCTGGATGCAGTGAAA
AAGGGATTGGGGGATCCTATCAGCCGTTCCCAGCTGGTGAAGTCCGAGCTGGAGGAGAAGAAATCCGA
GTTGAGGCACAAGCTGAAGTACGTGCCCCACGAGTACATCGAGCTGATCGAGATCGCCCGGAACAGCAT
CCAGGACCGTATCCTGGAGATGAAGGTGATGGAGTTCTTCATGAAGGTGTACGGCTACAGGGGCAAGCA
CCTGGGCGGCTCCAGGAAGCCCGACGGCGCCATCTACACCGTGGGCTCCCCCATCGACTACGGCGTGATC
GTGGACACCAAGGCCTACTCCGGCGGCTACAACCTGCCCATCGGCCAGG CCGACGAAATGCAGAGGTAC
GTGGAGGAGAACCAGACCAGGAACAAGCACATCAACCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGL
GTGACCGAGTTCAAGTTCCTGTTCGTGTCCGGCCACTTCAAGGG CAACTACAAGG CCCAGCTGACCAGGT
TGAACCACATCACCAACTGCAACGG CGCCGTGLTGTCCGTGGAGGAGCTCCTGATCGGCGGCGAGATGA
TCAAGGCCGG CACCCTGACCCTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTTCGCG
GCCGACTGATAA

TO3
Beta2M
target

86

TTAGCTGTGCTCGCGCTACTCTCTCTTTCTGGCCTGGAGGCTATCCA

TO3
TALEN
BetazM
LEFT

87

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATTACCCATACGATGTTCCAGATTACGCTATCGATA
TCGCCGATCTACGCACGCTCGGCTACAGLCAGCAGCAACAGGAGAAGATCAAACCGAAGGTTCGTTCGA
CAGTGGLGCAGCACCACGAGGLACTGGTCGGCCACGGGTTTACACACGEGCACATCGTTGCGTTAAGLC
AACACCCGGCAGCGTTAGGGACCGTCGLTGTCAAGTATCAGGACATGATCGCAGCGTTGCCAGAGGCGA
CACACGAAGCGATCGTTGGCGTCGGCAAACAGTGGTCCGGCGCACGCGLTCTGGAGG CCTTGCTCACGG.
TGGCEGGAGAGTTGAGAGGTCCACCGTTACAGTTGGACACAGGCCAACTTCTCAAGATTGCAAAACGTG

GCGGCGTGACCGCAGTGGAGGCAGTGCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTTGA
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CCCCGGAGTAGGTGGTGGLCATCGTCAGCAATATTIGGTGG CAAGCAGGLGCTGGAGALGGTGTAGGTG
CTGTIGCCGGTGCTGTGCCAGGCCCACGGLTTGACCCCLCAGCAGGTGGTGGCCATCGCCAGCAATAATG
GTGGCAAGCAGGCGCTGGAGACGGTCCAGLGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCE
CGGAGCAGGTGGTGGLCATCGCCAGCCACGATGGLGGCAAGCAGGCGCTGGAGACGGTCCAGCGGLTG
TTGCCGGTGCTGTGCCAGGCLCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGLGGT
GGCAAGCAGGLGLTGGAGACGGTCCAG CGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCE
CAGCAGGTGGTGGCCATCGCCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGLTGTT
GCCGGTGCTGTGCCAGG CCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGTAATGGLGGTGG
CAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGLTTGACCCCCCA
GCAGGTGGTGGCCATCGCCAGCAATAATGGTGG CAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTIGC
CGGTGLTGTGECAGGCCCACGGLTTGACCCCGGAGCAGGTGGTGGLCATCGCCAGCCACGATGGCGGCA
AGCAGGCGCTGGAGACGGTCCAGCGGLTGTIGCCGGTGCTGTGCCAGGECCACGGCTTGACCCCCCAGE
AGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGG LG ETGGAGACGGTCCAGCGGCTGTTGLCG
GTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGLAAG
CAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGLTTGACCCCCCAGCAG

GTGGTGGCCATCGCCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGT

GCTGTGLCAGG CCCACGGCTTGACCCCGGAGCAGGTGGTGGLCATCGLCAGLCACGATGGLGG CAAGLA
GGCGCTGGAGACGGTCCAGCGGLTGTTGLCGGTGLTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGT
GGTGGCCATCGCCAGCAATAATGGTGG CAAGCAGGLGLTGGAGACGGTCCAGCGGCTGTTGCCGGTGLT
GTGCCAGGCECACGGCTTGACCCCGGAGCAGGTGGTGGCCATCG CCAGCCACGATGGCGGCAAGEAGG
CGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGG CLCACGGCTTGACCCCCCAGLAGGTGG
TGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGLGCTGGAGALGGTCCAGCGGCTGTTGCCGGTGCTGT
GCCAGGCCCACGGCTTGACCCCTCAGCAGGTGGTGGCCATCGCCAGCAATGG CGGCGGCAGGCCGGLGE
TGGAGAGCATTGTTGCCCAGTTATCTCGCECTGATCCGGCGTTGGCCGCGTTGACCAACGACCACCTCGTC
GCCTTGGCCTGCCTCGGCGGELGTCLTGCGCTGGATGCAGTGAAAAAGGGATTGGGGGATCCTATCAGC
CGTTCCCAGCTGGTGAAGTCCGAGCTGGAGGAGAAGAAATCCGAGTTGAGGCACAAGCTGAAGTACGTG
CCCCACGAGTACATCGAGCTGATCGAGATCGCCCGGAACAGCACCCAGGACCGTATCCTGGAGATGAAG
GTIGATGGAGTTCTTCATGAAGGTGTACGGCTACAGGGGCAAGCACCTGGGCGGCTCCAGGAAGCCCGAC
GGCGCCATCTACACCGTGGGCTCCCCCATCGACTACGGCGTGATCGTGGACACCAAGGCCTACTCCGGCG
GCTACAACCTGCCCATCGGCCAGGCCGACGAAATGCAGAGGTACGTGGAGGAGAACCAGACCAGGAAC
AAGCACATCAACCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGCGTGACCGAGTTCAAGTTCCTGTTCG
TGTCCGGCCACTTICAAGGGCAACTACAAGGCCCAG CTGACCAGGCTGAACCACATCACCAACTGCAACGG
CGCOGTGCTGTCCETGGAGGAGLTCCTGATCGGCGGLGAGATGATCAAGGCCGGCACCCTGACCLTGGA
GGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTICGCGGUCGACTGATAA

TO3
TALEN
BetazM
RIGHT

88

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATAAGGAGACCGCCGCTGCCAAGTTCGAGAGACAG
CACATGGACAG CATCGATATCGCCGATCTACGCACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATC
AAACCGAAGGTTCGTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGGLCCACGGGTTTACACACGCG
CACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGTCGCTGTCAAGTATCAGGACATGATCG
CAGCGTTGCCAGAGGLGACACACGAAGLGATCGTTGGLGTCGGCAAACAGTGGTCCGGLGCACGLGCTC
TEGAGGCCTTGCTCACGGTGGLGGGAGAGTTGAGAGG TCCACCGTTACAGTTGGACACAGGCCAACTTC
TCAAGATTGCAAAACGTGGCGGCGTGACCGCAGTGGAGGCAGTGCATGCATGGCG CAATGCACTGACG
GGTGCCCCGCTCAACTTGACCECCCAGCAGGTGGTGGCCATCGCCAGCAATAATGG TGGCAAGCAGGLG
CTGGAGACGGTCCAGCGGLTGTTGCCGGTGCTGTGCCAGG CCCACGGLTTGACCCCCCAGCAGGTGGTG
GCCATCGCCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGLTGTTGCCGGTGLTGTGL
CAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGLTG
GAGACGGTGCAGGCGCTGTIGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCC
ATCGCCAGCAATGGCGGTGGCAAGCAGGCGLTGGAGACGGTCLAGCGGCTGTTGCCGGTGCTGTGCCA
GGCLCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCG CCAGCAATATTIGGTGGCAAGCAGGCGCTGGA
GACGGTGCAGGCGCTGTTGCCGGTGCTGTGCCAGGLCCACGGCTTGACICCCCAGCAGGTGGTGGCCAT
LGCCAGCAATAATGGTGGCAAG CAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGLTGTGCCAGGT
CCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCG CCAGCCACGATGGCGGCAAGCAGGTGCTGGAGA
CGGTCCAGCGGLTGTIGLCGGTGCTGTGCCAGGLCCACGG CTTGACCCCGEAGCAGGTGGTGGCEATCG
CCAGCCACGATGGCGGCAAGCAGGCGLTGGAGACGGTCCAGCGGCTGTTGLCGGTGLTGTGCCAGGCCT
ACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGLAATGGCGGTGG CAAG CAGGCGCTGGAGACG
GTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAG CAGGTGGTGGLCATCGCC
AGCCACGATGGCGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTIGCLGGTGCTGTGCCAGGCCCA
CGGCTTGACCCCGGAGCAGGTGGTGGCCATCG CCAGCCACGATGGEGGCAAG CAGGCGCTGGAGACGG
TCCAGCGGECTGTIGCCGGTGUTGTGCCAGGCCCACGGCTTGACCCLGGAGCAGGTGGTGGCCATCGCCA
GCAATATTIGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTGTTGCCGGTGCTGTGLCAGGCCCAL
GGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATAATGGTGGLAAGCAGGCGCTGGAGALGGTC
CAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGC
AATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGLTGTTGCCGGTGCTGTGCCAGGCCCACGGT




DK/EP 3116902 T3

SEQ
Target | °\ ) Half TALE-nuclease sequence
name {, 5.

TTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGLAAGLAGGCGCTGGAGACGGTCCA
GCGGLTGTTGCCGGTGCTGTGCCAGGLCCCACGGCTTGACCCCTCAGCAGGTGGTGGCCATCGCCAGCAA
TGGCGGCGGCAGGCCGGCGCTGGAGAGCATTGTTGCCCAGTTATCTCGCCCTGATCCGGCGTTGGCCGC
GTTGACCAACGACCACCTCGTCGCCTTGG CCTGCCTCGGUGGGLGTCCTGCGCTGGATGCAGTGAAAAAG
GGATTGGGGGATCCTATCAGCLGTTCCCAGCTGGTGAAGTCCGAGCTGGAGGAGAAGAAATCCGAGTTG
AGGCACAAGCTGAAGTACGTGCCCCACGAGTACATCGAGCTGATCGAGATCGCCCGGAACAGLCACCCAG
GACCGTATCCTGGAGATGAAGGTGATGGAGTTCTICATGAAGGTGTACGGCTACAGGGGCAAGCACCTG
GGCGGCTCCAGGAAGCCLGACGGCGCCATCTACACCGTGGGCTCCCCCATCGACTACGGCGTGATCGTG
GACACCAAGGCCTACTCCGGCEGCTACAACCTGCCCATCGGCCAGGCCGACGAAATG CAGAGGTACGTG
GAGGAGAACCAGACCAGGAACAAGCACATCAACCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGCGTG
ACCGAGTTCAAGTTCCTGTTCGTGTCCGG CCACTTCAAGGGCAACTACAAGGCCCAGCTGACCAGGCTGA
ACCACATCACCAACTGCAACGGCGCCGTGCTGTCCGTGGAGGAGLTCCTGATCGGCGGLGAGATGATCA
AGGCCGGLACCCTGACTCTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTTCGLGGLT
GACTGATAA

[0211] To test the ability of this B2M specific TALEN to promote error-prone NHEJ events at the B2M locus, 2 or 10 ug
of mMRNA encoding TALEN were electroporated in Primary T cells using Pulse Agile technology according to the
manufacturer protocol. Three days post transfection, cells were recovered and labeled with a specific f2-microglobulin
antibody coupled to the PhycoErythrin fluorochrome. Cells are then analyzed by flow cytometry for viability and p2-m
expression. The results are shown on Figure 10. On the top panel, nearly 100% of untransfected T cells express p2-m
(top right panel). Transfection of T cells with the specific B2M TALEN reduces dramatically

2-m expression since 38% (middle right) and 80 % of T cells (bottom right panel) become beta2-m negative when
transfected with 2 pg or 10 pg of TALEN mRNA respectively. These data indicates that B2M knock-out in T cells can be
achieved with high efficacy.

Production and expression of the single chain molecule B2M-UL18 in T cells

[0212] HCMV UL18 encodes a type | transmembrane glycoprotein that shares a high level of AA sequence identity with
MHC Class | molecules that associates with beta2-m and binds endogenous peptides. Since our goal is to express this
molecule in T cells where B2M gene has been invalidated, our strategy is to produce a chimeric molecule where beta2-
m and UL18 is fused as a single chain polypeptide. SEQ ID N°89 shows the amino-acid sequence of the chimeric
protein. Lentiviral particles containing the chimeric B2ZM-UL18 are transduced into T cells. Expression of transgene is
monitored by FACS analysis using a beta2-m antibody. The results from this experiment aim to show that a B2M-UL18
chimeric protein is efficiently expressed in T cells.

Production and expression of NKG2D ligands in T cells

[0213] NKG2D natural ligands are transmembrane or GPl-anchored proteins. In order to achieve secretion of these
molecules by T cells, the extra-cellular domains of NKG2D ligands have been fused in their N-terminus to a secretory
peptide form . Amino-acid sequences of secreted chimeric NKG2D ligands are listed below (SEQ ID NO:90 to SEQ ID
NO:97). Lentiviral particles containing the chimeric NKG2D ligands are transduced into T cells. Expression of transgene
in culture supernatant is monitored by Western Blot analysis using specific antibodies. The results from this experiment
aim to show that chimeric NKG2D ligand proteins are efficiently expressed in T cells.

beta2-M deficient CAR T cells are not recognized by allogenic T cells.

[0214] PBMCs from healthy donor A is co-cultured with irradiated or mitomycin-treated engineered beta2-m deficient T
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cells from donor B. As a control, PBMCs from healthy donor A is co-cultured with irradiated or mitomycin-treated
engineered beta2-m positive T cells from donor B. 7 days later, cells proliferation from donor A is measured by XTT
colorimetric assay or by CFSE dilution (FACS analysis). Although cell proliferation is observed in control, no or limited
cell proliferation is observed when engineered T cells do not express beta2-m. The results from this experiment aim to
show that alloreactive T cells are not able to recognize and proliferate against beta2-m deficient T cells.

Efficient inhibition of NK mediated engineered T cells lysis

[0215] NK cells are purified from healthy donor A PBMCs. As targets, engineered T cells from healthy donor B are
produced and listed below. a) engineered T cells (negative control), b) beta2-m deficient engineered T cells (positive
control), c) beta2-m deficient engineered T cells expressing B2M-UL18 (SEQ ID N° 89), d-k) beta2-m deficient
engineered T cells expressing respectively SP-MICAed (SEQ ID N° 90), SP-MICBed (SEQ ID N°91), SP-ULBP1ed (SEQ
ID N° 92), SP-ULBP2ed (SEQ ID N° 93), SP-ULBP3ed (SEQ ID N°94), SP-N2DL4ed (SEQID N° 95), SP-RET1Ged (SEQ
ID N°96), SP-RAETILed (SEQ ID N°97). These sequences are reported in the following Table 10.

Table 10: Polypeptide sequence of a viral MHC homolog (UL18) and a panel of NKG2D ligands to be expressed
according to the present invention.

SEQ ID {Polypeptide sequence
NO:

Chimeric B2M- {89

uL18 MALPVTALLLPLALLLHAARPSRSVALAVLALLSLSGLEAIQRTPKIQVYSRHPAENGKSNFLNCYVSGFHPSDIEVDLLK

NGERIEKVEHSDLSFSKDWSFYLLYYTEFTPTEKDEYACRVNHVTLSQPKIVKWDRDMGGGGSGGEGGSGGGEGSGGE
GSMTMWCLTLFVLWMLRVVGMHVLRYGYTGIFDDTSHMTLTVVGIFDGQHFFTYHYNSSDKASSRANGTISWMA
NVSAAYPTYLDGERAKGDLIFNQTEQNLLELEIALGYRSQSVLTWTHECNTTENGSFVAGYEGFGWDGETLMELKDNL
TLWTGPNYEISWLKQNKTYIDGKIKNISEGDTTIQRNYLKGNCTQWSVIYSGFQTPYTHPYVKGGVRNQNDNRAEAF
CTSYGFFPGEINITFIHYGNKAPDDSEPQCNPLLPTFDGTFHQGCYVAIFCNONYTCRVTHGNWTVEIPISVTSPDDSSS
GEVPDHPTANKRYNTMTISSVLLALLLCALLFAFLHYFTTLKQYLRNLAFAWRYRKVRSS

SP-MICAed 90

MGGVLLTQRTLLSLVLALLFPSMASMEPHSLRYNLTYLSWDGSVYQSGFLTEVHLDGQPFLRCDRQKCRAKPQGAOWA
EDVLGNKTWDRETRDLTGNGKDLRMTLAHIKDQKEGLHSLQEIRVCEIHEDNSTRSSQHFYYDGELFLSQNLETKEWT
MPQSSRAQTLAMNVRNFLKEDAMKTKTHYHAMHADCLQELRRYLKSGVVLRRTYPPMVNVTRSEASEGNITVTCR
ASGFYPWNITLSWRQDGVSLSHDTQAOWGDVLPDGNGTYQTWVATRICQGEEQRFTCYMEHSGNHSTHPVPSGKY
LVLOSHW

SP-MICBed 91

MGGVLLTQRTLLSLVLALLFPSMASMAEPHSLRYNLMVLSQDESVQSGFLAEGHLDGQPFLRYDRQKRRAKPQGQW
AEDVLGAKTWDTETEDLTENGQDLRRTLTHIKDQKGGLHSLQEIRVCEIHEDSSTRGSRHFYYDGELFLSQNLETQEST
VPQSSRAQTLAMNVTNFWKEDAMKTKTHYRAMQADCLQKLORYLKSGVAIRRTVPPMVYNVTCSEVSEGNITVTCR
ASSFYPRNITLTWRQDGVSLSHNTQOWGDVLPDGNGTYOTWVATRIROGEEQRFTCYMEHSGNHGTHPVPSGKVL
VLQSQRTD

SP-ULBP1ed 92

MGGVLLTQRTLLSLVLALLFPSMASMGWVYDTHCLCYDFIITPKSRPEPQWCEVQGLVDERPFLHYDCVNHKAKAFAS
LGKKVNVTKTWEEQTETLRDVVDFLKGQLLDIQVENLIPIEPLTLQARMSCEHEAHGHGRGSWQFLFNGQKFLLFDSN
NRKWTALHPGAKKMTEKWEKNRDVTMFFQKISLGDCKMWLEEFLMYWEQMLDPT

SP-ULBP2ed 93

MGGVLLTQRTLLSLVLALLFPSMASMGRADPHSLCYDITVIPKFRPGPRWCAVQGQYDEKTFLHYDCGNKTVTPYVSPL
GKKLNVTTAWKAQNPVLREVVDILTEQLRDIQLENYTPKEPLTLQARMSCEQKAEGHSSGSWQFSFDGQIFLLFDSEK
RMWTTVHPGARKMKEKWENDKVWAMSFHYFSMGDCIGWLEDFLMGMDSTLEPSAG

SP-ULBP3ed 94

MGGVLLTQRTLLSLVLALLFPSMASMDAHSLWYNFTIIHLPRHGQQWCEVQSQVDQKNFLSYDCGSDKVLSMGHLE
EQLYATDAWGKQLEMLREVGQRLRLELADTELEDFTPSGPLTLOVRMSCECEADGYIRGSWQFSFDGRKFLLFDSNN
RKWTVVHAGARRMKEKWEKDSGLTTFFKMYSMRDCKSWLRDFLMHRKKRLEPT

SP-N2DL4ed 95

MGGYLLTQRTLLSLVLALLFPSMASMHSLCFNFTIKSLSRPGQPWCEAQVFLNKNLFLQYNSDNNMVKPLGLLGKKVY

ATSTWGELTQTLGEVGRDLRMLLCDIKPQIKTSDPSTLQVEMFCQREAERCTGASWQFATNGEKSLLFDAMNMTWT
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SEQ ID {Polypeptide sequence
NO:

VINHEASKIKETWIKKDRGLEKYFRKLSKGDCDHWLREFLGHWEAMPEPTVSPVNASDIHWSSSSLPD

SP-RET1Ged 96

MGGVLLTQRTLLSLVLALLFPSMASMGLADPHSLCYDITVIPKFRPGPRWCAVQGQVDEKTFLHYDCGSKTVTPVSPL
GKKLNVTTAWKAQNPVLREVVDILTEQLLDIQLENYIPKEPLTLQARMSCEQKAEGHGSGSWALSFDGQIFLLFDSEN
RMWTTVHPGARKMKEKWENDKDMTMSFHYISMGDCTGWLEDFLMGMDSTLEPSAGAPPTMSSGTAQPR

SP-RAETILed 97

MGGVLLTQRTLLSLVLALLFPSMASMRRDDPHSLCYDITVIPKFRPGPRWCAVQGQYDEKTFLHYDCGNKTVTPVSPL
GKKLNVTMAWKAQNPVLREVVDILTEQLLDIQLENYTPKEPLTLOQARMSCEQKAEGHSSGSWQFSIDGQTFLLFDSEK
RMWTTVHPGARKMKEKWENDKDVAMSFHYISMGDCIGWLEDFLMGMDSTLEPSAG

[0216] Cytotoxicity mediated by NK cells was determined by a CFSE labeling assay. Target cells were labeled with
CFSE, washed in PBS, mixed with NK cells at various E:T cell ratios and incubated for 4h at 37°C. Cells are then
analysed by flow cytometry and percentages of CFSE positive engineered T cells are measured, indicating the survival
of engineered T cells in the presence of NK cells. It is intended that although NK mediated cell lysis is observed in the
positive control (beta2-m deficient engineered T cells), no or limited NK mediated cell lysis is observed when beta2-m
deficient engineered T cells engineered T cells express B2M-UL18 (SEQ ID N° 89) or secreted NKG2D ligands (SP-
MICAed (SEQ ID N° 90), SP-MICBed (SEQ ID N° 91), SP-ULBP1ed (SEQ ID N°92), SP-ULBP2ed (SEQ ID N°93), SP-
ULBP3ed (SEQ ID N°94), SP-N2DL4ed (SEQ ID N°95), SP-RET1Ged (SEQ ID N°96), SP-RAETILed (SEQ ID N°97).
The results from this experiment aim to show that allogenic NK cells cytotoxicity activity is impaired when chimeric
molecules, express in engineered T cells, act as decoy either for inhibitory signal receptor (B2M-UL18) or for stimulatory
signal receptor (NKG2D ligands).
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SEQUENCE LISTING

[0218]
<110> Cellectis

<120> METHOD FOR GENERATING T-CELLS COMPATIBLE FOR ALLOGENIC TRANSPLANTATION
<130> P81400799PCT00

<150> PA 201470119
<151>2014-03-11

<160> 97
<170> Patentin version 3.5

<210>1

<211> 119

<212> PRT

<213> Homo sapiens

<400>1
Met Ser Arg Ser Val Ala Leu Ala Val Leu Ala Leu Leu Ser Leu Ser
1 5 10 15



Gly

His

Gly

Arg

Ser

Glu

vVal

Leu

Pro

Phe

50

Ile

Phe

Tyr

Lys

<210> 2
<211> 6673
<212> DNA
<213> Homo sapiens

<400> 2

aatataagty gaggegtege getggeggge attcctgaag ctgacageat teogggccgag

Glu Ala Ile
20

Ala Glu Asn
35

His Pro Ser

Glu Lys Val

Tyr Leu Leu
85

Ala Cys Arg
100

Trp Asp Arg
115

atgtcteget cegtggectt

atccagegtg agtetctect

ctgtggecct cgetgtgete

gecogeegty gggetagtec

9g9ggaagggy gtgcgoacco

agacctttgg cctacggega

agagcgcega ggttggggga

cagegcaget ggagtggggg

gaacgogtgg aggggegett

geggetectge ttcccttaga

gcatgtecta gcacctcetgg

acgtttgtag aatgcttgge

ccatcacatg tcacttttaa

gccaaggact ttatgtgett

ataactacta tggttatett

aagaaactta attacacagy

agggettttg cgggagegea

acgcctgect tctgcgtgag

tttcgtacag agggcttect

ctettacttt cggttttgaa

ceageactta gggaggecga

ggccaacatg gtgaagcctg

tggctogtge ctgtggtccce

aggcttttga gctatcatgg

tetctocaaaa aagaaaaaaa

ggtttgtcag tcaggggage

gactgttgag gacgccagag

cgdtecacctt ttectetgge

Gln

Gly

Asp

Glu

70

Tyr

val

Asp

Arg

Lys

Ile

55

His

Tyr

Asn

Met

Thr

Ser

40

Glu

Ser

Thr

His

Pro

25

Asn

val

Asp

Glu

val
105

Lys

Phe

Asp

Leu

Phe

20

Thr

Ile Gln Val

Leu Asn Cys
45

Leu Leu Lys
60

Ser Phe Ser
75

Thr Pro Thr

ILeu Ser Gln

agctgtgete gegetactcet ctetttetygg

accetecege

totegetoeg

agggetggat

gggacgegcey

cgggagggtce

gggtttctct

acgggtagge

ggggtetggg

ctggagagct

gtctatgtgg

tgtgatacaa

aaaattataa

tgegteattt

ctgectetea

ggataaatgg

tgeccttttgg

attctccaga

ctttggetet

aacatgaggyg

ggcgggagga

gtctctacaa

agctgctceg

cgccagtgeca

aaaaaasaga

tgtaaaacca

atcttgagea

aaaacatgat

tectggtectt cetctcecge

tgacttecet teotecaagtt

cteggggaag cggegggatyg

ctacttgece cttteggegg

gggacaaagt ttagggcgte

teegetettt cgeggggect

tegteccaaa ggageggege

ggaggegteg ceegggtaag

gtggactteg tctaggegoece

ggccacaceg tggggaggaa

agceggtttcg aataattaac

gaactacceg ttattgacat

aattttgaaa acagttatct

cagatgaaga adactaaggca

cagcaatega gattgaagte

ctgtaatteg tgcatttttt

gcaaactggg cggcatggge

ttgecetggtt gtttccaaga

ggttgggegt ggtagettac

tggettgagg tecgtagttg

aaaataataa caaaaattag

gtggctgagg cgggaggatc

ctccagegtg ggcaacagag

aagagaaaag aaaagaaaga

ttaataaaga taatccaaga

ctttctaagt acctggeaat

cgaaagcaga atgttttgat

Tyr

30

Tyr

Asn

Lys

Glu

Pro
110

Ser

val

Gly

Asp

Lys

95

Lys

Arg

Ser

Glu

Trp

Asp

Ile

cctggagget

tctgecaccet

cteottggtg

geetgggagt

ggageagggy

gataagcgte

ctggetcecee

tgaggtttgt

cctgtotget

cgctaagttc

acagcacgeyg

ttatttgtte

ctttetgtgt

tcegecatag

ccgagatttt

aagoctaace

tttaagaaaa

cctgtggtct

tgtactgtge

gceetgtaate

agaccagect

ccgggtgtygg

tettgagett

cgagaccctg

aagaagtgaa

tggttaccaa

acactaagcg

catgagazaaa

120

180

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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ttgcatttaa
attactggta
aaaaaaaatc

gaagatacca

acctgtgtgt
tttggaaget
caaacccagc
aaaatecttge
cactgaggea
ttttaatgtt
gectagtagoo
ctggtactce
atcatgtace
atctgtatat
taatatttte
ctgtttctga
ggatgctaat
aaagtatgtt
ccaactcaac
ttttttaget
cagaaataaa
gotcogtgeet
gagttcaaga
taaccaggca
ggttgeagtyg
agattecate
cttaggaace
tctactagac
gaaccaaaaa
ataacatgag
ttggggccaa
gggcatcaga
cagtgacaga
ggaattatga

gggaaggtgg

atgtaaacac
ggcaatatta
cacgtcatce
atocatooga
attcagactt
ccaccactga
agatagttaa
tagtcatatc
agtcccatcc
agatcagatt
ttteocctgea

acacttetta

tttgaataca
tttgetggtt
ttattttgaa

caagaaacat

gggttttgtt
taaataactc
ctgtctgata
cgectteect
tttaatatgt
atgaaaaaaa
tttecttaat
teoetteteee
ctgaatataa
ttagtagcac
ttoceactte
aacattagge
taaaacgcaa
ctgtcoccatt
catttaaggt
catgaaatta
gaggttttgt
gtaatcccaa
ccagecctgge
tggtggtgty
agctgagate
ccaaaaaata
tcagataata
acttcataca
gaaaggcata
taatttgatg
atcatgtaga
agtocttgag
agatactget
gggaaagata

aagctecattt

ttggtgocty
atgtgtettt
agcagagaat
cattgaagtt
gtettteage
aaaagatgag
gtggggtaag
ataaagctge
catctgatat
agtggcacct
gttgagcagyg

cctactgget

atttatttac
atgttagatg
aatttccaaa

gtaatgatga

aacataaagg
tcattttaaa
gtaatacatg

ttgecteotga

ataatgtata
aaataacaat
ccatgcatag

aggtoetattt

tatcaccace
ctgatattta
accatttctg

teotecototg

tttgttttac tgtgggcata aattaatttt tcagttaagt

tccaaaagte
cttgteoctet
caaacagaga
tettattatt
tcaggtcttc
gatagggtgt
cacagcectee
gtgtatttaa
taacacttect
cccatggatyg
aatatattce
atcccactgt
tgeccatagte
atttgeecage
ggtacaaagt
tgtttggtaa
cactttggga
caacatggtg
tgectgtagt
tcaccactge
aaaaaataaa
acatctgaca
gtttagaaaa
aacataagaa
ggggctatta
ctettgagtyg
agcctecaga
agaaatctge
ccaagtcacg

ggecagagtg

atatagettg
tecececgatatt
ggaaagtcaa
gacttactga
aaggactggt
tatgectgece
tcttacatte
tttgatataa
aaacaatctg
gctgagatac
gagcageage

tectetaget

ataaagccag
tcttagaaaa
gttecaggea
agaagcetcag
attagattcc
ttcetagagag
cagacaagga
aagaatttta
cttecatttte
gtcetagtcat
caacctggct
cacatgecatt
cteacctate
tettgtatge
cagagagggy
gaacatacct
ggccaaggea
aaatcccgtc
cccaggaate
acactgcact
aaaataaaga
cgtatagage
teagatgggt
aaaaaatgga
tgaactgaga
atgtgttaag
gaaaggctet
tagaaaaaaa
gtttattett

gaaatggaat

acaccaagtt
ccteaggtac
atttoctgaa
agaatggaga
ctttetatet
gtgtgaacca
ttttgtaagc
aaaaggtcta
catattggga
tgatgcacag
agcacttgea

tttgtggeag

agcaccaagt
tccaaagatt
ttgctatgtyg
gagaattgaa
attgtactac
tgtgactttg
tgectgaaagt
tggccatact
ttgtcaggga
catggtttct
caaatacata

ctteaggtat

taactggttyg agcccaaatt
gattacagty atgctctcac
ggatgaatct gtgotcetgat
atgeaaagag ctetottage
ccaatccacc tottgatggg
atatatctgg tcaaggtgge
ggagtagctyg ccttttagtg
tacacatata tttagtgtca
aatgaaaaat atagagttta
gectetcatt ttggaaagta
agtttacagc aatcacctgt
actcecatttg atcataatgg
cctgttgtat tttategggt
atttaggttt tgtttcetttg
tetggeatat aaaacctceag
tgggttggtt gggcacggtg
ggctgatcac ttgaagttay
tctactgaaa atacaaaaat
acttgaacce aggaggcgga
ccageetggyg caatggaatyg
acatacettg ggttgateca
aattgetatg tcccaggeac
gtagatcaag gcaggagcag
aggggtggaa acagagtaca
aatgaacttt gaaaagtatc
gaatgctatg agtgctgaga
taaaaatgea gogoaatcote
acaaaaaagy catgtataga
caaaatggag gtggcttgtt

tgggagaaat cgatgaccaa

gaaataccet
caggtttact
tctgggttte
aaagtggage
actgaattca
tcacageccca
tgtgtatgag
accctgaatg
atgttcttaa
gaaccagtag
tacactotta

atttagecact

1800
1860
1920

1980

20490
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780

3840

3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500

4560
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gaacgaacat
ataatcectgg
gettgttoet
tgocageatt
acttaatgte
catcatggag
atttatagac
ttttagecagg
aagaaggtgt
aactgccagt
ttgatottte
ctettttect
ctgcagacat
tagaggagat
aactacaaqgg
gttggagtee
cecattcaaa
ggtdgatgat
tatagtcatg

gtgttgtage

acctgtacag
ttgtgtatet
tgtcatatat
tttgggagea
tgtctgeage
aatgagatct
gtttgaagat
attgatatge
atggacatga
agcaggttgc
attctcttat
aagcttgtta
aatttggggy
tgaaacattt
tggttgtggt
gtgttatcte

<210>3
<211> 987

<212> DNA

cteoaagaagg tataggecott
acttctccag tactttctog
gctgggtage tctaaacaat
atttotaace attttagaca
ttectttttt ttetcocactg
gtaagttttt gaccttgaga
agctctaaca tgataaccct
gaaagaagaa tcctacaggg
atggccccag gtatggacat
atggtattgc aggataaagg
ttotgocatt tccacattgg
ttgtataatyg ttgttttatt
cccattectyg tatggggact
aaagggaaac agattgttat
agctccagaa gcaagagaga
aaaggetttt caatgaaatt
tetectgtta tattctagaa
c¢tgeccagte acactgttag
tgttacttaa tgacggggac

ctactacacg cataggctac

cctgttactg
aaacatagaa
acagtccatc
ccaaagggat
tacttetttt
gcaatccaaa
geegeatttg
ttatacactt
tcttetttat
tccacaggta
ccaacatcaa
agatagttaa
aaaatttaga
tgtcatataa
taatctggtt

tta

<213> Homo sapiens

<400> 3
aatataagtyg

atgtcteget
atccagegta
aatttcctga
aagaatggag

tctttetatce

gaggcgtege
ccgtggectt
ctecaaagat
attgetatgt
agagaattga

tcttgtacta

tactgaatac
gttgeoagtaa
attgaccaaa
acactaacag
aaaaaggtga
taaaataaat
gattggatga
acactttatg
aattctactt
gctctaggag
catcttggte
gegtgeataa
aatataattg
gattcatatt

tatttttgtt

gctggeggge
agctgtgcte
tcaggtttac
gtetgggttt
aaaagtggag

cactgaattc

tgtttgtaag
ctggattggt
gtattecatgg
tttgttagta
tettttteat
aaatgttttt
cactatgtgg
tcatgttecc
attactgacc
caggtggtta
acatctctge
cttecagacag
gtgtttgect
aacttgatat
gggaggaact
ctactgcecoca
cagggaattg
taaattgtag
atgttctgag

atggtatage

tgtgggcagt
aaatatgota
acatcatatc
gatatactct
tctacacagt
tcattgctaa
attccaaatt
cacaaaatgt
tgagtgetgt
ggctggcaac
agatttgaac
gttaacttce
acaggattat
tacttcttat

ccacaagtta

attdctgaag
gcgetactet
tcacgtecate
catcecatceg
cattcagact

accaccactg

tectgetgta
atctgagget
gtaggaacag
catggtattt
agatcgagac
gtttcactgt
agaacattga
ttctectgtg
ctctacagag
cccacattac
tgaggagaga
aagagaggag
cttagaggtt
aatgatacta
tggacttete
gggtacattg
atttgggaga
agccaggace
aaatgcttac

ctattgctce

tgtaacacaa
ttttaatctt
agcatttttt
ttataatggg
agaaattaga
cetttttett
ctgettgett
agggttataa
ctccatgttt
ttagaggtgg
tcttcaatet
aatttacata
tggaaatttyg
acatttgata

aataaatcat

ctgacagecat
ctctttctgg
cagcagagaa
acattgaagt
tgtetttecag

aaaaagatga

ctageatdot
agtaggaagyg
cagectatte
taaaagtaaa
atgtaageag
cctgaggact
cagagtaaca
gagtggcatg
agggcaaagg
ctgcaaggct
aaatgaacca
ttatacagcet
cccaggocac
taatagatgt
tgeatettta
atgcetgaaac
gcatcaggaa
tgaactctaa
acaaacctag

tagactacaa

tggtaagtat
atgagaccac
cttctaagat
tttggagaac
caagtttggt
ttetttteag
getttttaat
taatgttaac
gatgtatctg
ggagcagaga
cttgecactca
cteotgettag
ttataatgaa
aagtaaggca

aaaacttgat

tegggecgag
cctggaggct
tggaaagtca
tgacttactg
caaggactgyg

gtatgcctge

4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6673

60

120

180

240

300

360
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cgtgtgaacc
gcagcatcat
gcttgetttt
ataataatgt
gtttgatgta

gtggggagca

atetettgea
catactectge
tttgttataa
gataaagtaa

tcataaaact

<210>4

<211> 1130

<212>PRT

atgtgacttt
ggaggtttga
taatattgat
taacatggac
tetgageagg

gagaattcte

ctoaaagott
ttagaatttyg
tgaatgaaac
ggcatggttyg

tgatgtgtta

<213> Homo sapiens

<400> 4

Met Arg Cys

1

gtcacagcec
agatgccgea
atgcettatac
atgatcttct
ttgectccaca

ttatccaaca

gttaagatag
ggggaaaatt
attttgtcat
tggttaatct

tctctta

Leu Ala Pro Arg Pro

3

Gln Gly Ser Ser Gln Cys Ala Thr

20

Gly Tyr Leu Glu Leu Leu Asn Ser

35

40

His Phe Tyr Asp Gln Met Asp Leu

50

55

Tyr Ser Glu Pro Asp Thr Asp Thr
70

65

Leu Leu Cys Asp Met Glu Gly Asp

85

Asn Ile Ala Glu Leu Asp Gln Tyr

100

Gly Leu Ser Lys Asp Ile Phe Lys
115

120

Gly Glu Ser Met Glu Met Pro Ala

130

135

Arg Pro Phe Pro Glu Glu Leu Pro
150

145

Ala Glu Pro Pro Thr Val Val Thr

Ser Asp Cys

Gln Glu Pro
195

Pro Met Pro
210

Gly Pro Ile
225

Trp Gln Ile

165

aagatagtta
tttggattgg
acttacactt
ttataattct
ggtagcteta

tcaacatctt

ttaagegtge
tagaaatata
ataagattca

ggtttatttt

Ala Gly Ser
10

Met Glu Leu
25

Asp Ala Asp

Ala Gly Glu

Ile Asn Cys
75

Glu Glu Thr

Val Phe Gln
105

His Ile Gly

Glu val Gly

Ala Asp Leu
155

Gly Ser Leu
170

Ser Thr Leu Pro Cys Leu Pro Leu Pro

180

Ala

Phe

Gln

Ser

Ser Gly Gln

Ser Ser Ser
215

Phe Val Pro
230

Glu Ala Gly

Aare

Met

200

Ser

Thr

Thr

185

Arg

Leu

Ile

Gly Val Ser

Leu Glu

Ser Cys

Ser Thr

Lys

Leu

agtgggatceg agacatgtaa

atgaattcca aattctgctt

tatgcacaaa atgtagggtt

actttgagtg ctgtctccat

ggagggctgyg caacttagag

ggtcagattt gaactcttca

ataagttaac tteocaattta

attgacagga ttattggaaa

tatttacttec ttatacattt

tgttccacaa gttaaataaa

Tyr

Gly

Pro

Glu

60

Asp

Arg

Asp

Pro

Gln

140

Lys

Leu

Ala

Thr

Leu

Pro

Leu

45

Glu

Gln

Glu

Ser

Asp

125

Lys

His

Val

Ser Glu Pro
15

Leu Glu Gly
30

Cys Leu Tyr

Ile Glu Leu

Phe Ser Arg

Ala Tyr Ala
95

Gln Leu Glu
110

Glu Val Ile

Ser Gln Lys

Trp Lys Pro
160

Gly Pro Val
175

Leu Phe Asn

130

205

220

235

PPN

Leu

Ser

Asn

Pro

Ile

Asp

Leu

His

Phe

Gln

Pro

Ile

Ile

Glu

Gly Leu

240

~re

Tyr

420

480

540

720

780

840

300

360

987
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Thr

Pro

Leu

305

Cys

Pro

Pro

Pro
385

Leu

Ala

val

Phe

Leu

465

Asp

Ile

Ser

Leu

Leu

545

Asp

Tyr

Leu
625

Gly

Val

Phe

230

Thr

Pro

Val

Ala

Leu

370

Asp

Leu

val

Ser

Ser

450

Gln

Glu

Leu

Thr

Ala

530

Thr

Ala

Val

Ala

Ser

610

Glu

Glu

His

275

Ala

Ser

Ala

Glu

Gly

355

Glu

Trp

Ala

Leu

Arg

435

Val

Asp

val

Asp

Cys

515

Gly

Ala

Leu

Met

Leu

595

Pro

Leu

Val

260

Gly

Pro

Arg

Ala

Gln

340

Pro

Arg

Ala

Ala

Gly
420

Ala

Pro

Leu

Phe

Gly

500

Gly

Leu

Arg

Phe

Arg

580

Thr

Thr

Gly

£4D

Pro

Leu

Ser

Ala

Gly

325

Phe

Asp

Ser

Glu

Lys

405

Lys

Trp

Cys

Leu

Ser

485

Phe

Pro

Phe

Pro

Glu

565

Tyr

Leau

Leu

Glu

Gln

Pro

Ala

Asn

310

Glu

Tyr

Gly

Ser

Arg

330

Glu

Ala

Ala

His

Phe

470

His

Glu

Ala

Gln

Aryg

550

Leu

Phe

Leu

Cys

Asp
630

Ala

Thr

Thr

295

Met

val

Arg

Ile

Ser

375

Gln

His

Gly

Cys

Cys

455

Ser

Ile

Glu

Pre¢

Lys

535

Gly

Ser

Glu

Arg

Arg

615

Ala

Ser

Ser

280

Asp

Thr

Ser

Ser

Leu

360

Lys

Leu

Arg

Gln

Gly

440

Leu

Leu

Leu

Leu

Ala

520

Lys

Arg

Gly

Ser

Asp

600

Ala

Lys

Gln

265

Pro

Leu

Glu

Asn

Leu

345

Val

Ser

Ala

Arg

Gly
425

Arg

Asn

Gly

Lys

Glu

505

Glu

Leu

Leu

Phe

Ser

585

Arg

Val

Leu

£33V

val

Asp

Pro

His

Lys

330

Gln

Glu

Leu

Gln

Pro

410

Lys

Leu

Arg

Pro

Arg

430

Ala

Pro

Leu

val

Ser

570

Gly

Pro

Cys

Pro

Pro

Arg

Ser

Lys

315

Leu

Asp

Val

Glu

Gly

395

Arg

Ser

Pro

Pro

Gln

475

Pro

Gln

Cys

Arg

Gln

555

Met

Met

Leu

Gln

Ser
635

Pro

Pro

Mat

300

Thr

Pro

Thr

Asp

Arg

380

Gly

Glu

Tyr

Gln

Gly

460

Pro

Asp

Asp

Ser

Gly

540

Ser

Glu

Thr

Leu

Leu

620

Thr

Pro

Gly

285

Pro

Ser

Lys

Tyr

Leu

365

Glu

Leu

Thr

Trp

Tyr

445

Asp

Leu

Arg

Gly

Leu

525

Cys

Leu

Gln

Glu

Leu

605

Ser

Leu

Ser

270

Ser

Glu

Pro

Trp

Gly

350

Val

Leu

Ala

Arg

Ala
430

Asp

Ala

Val

val

Phe

510

Arg

Thr

Ser

Ala

His

590

Ser

Glu

Thr

Pl

Gly

Thr

Pro

Thr

Pro

335

Ala

Gln

Ala

Glu

Val

415

Gly

Phe

Tyr

Ala

Leu

4395

Leu

Gly

Leu

Lys

Gln

575

Gln

His

Ala

Gly

Phe

Ser

Ala

Gln

320

Glu

Glu

Ala

Thr

Val

400

Ile

Ala

Vval

Gly

Ala

480

Leu

His

Leu

Leu

Ala

560

Ala

Asp

Ser

Leu

Leu
640
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Tyr

Leu

Ser

Ala

Glu

705

Trp

Leu

Gly

Cys

Lys

785

Leu

Glu

Leu

Gly

Ser

865

Cys

Glu

Glu

Glu

Glu

945

Glu

Val

Ala

Val

Ala

Thr

Met

690

Leu

Leu

Ala

val

Leu

770

Gln

Arg

Glu

Ser

Lys

850

Thr

val

Ser

Lys

Asp

930

Asp

Phe

Arg

Leu

Gly

Glu

Leu
675

Ala

Ala

Ala

Leu

Pro

755

Gly

Lys

Ala

Ala

Phe

835

Ala

Gly

Thr

Leu

Phe

915

Leu

Thr

Ala

Ile

Ser
995

Leu

Leu

660

Gln

Lys

Fhe

Leu

Thr

740

Arg

Ala

val

Arg

Gly

820

Leu

Leu

Ile

Arg

Gln

900

Thr

Gly

Ala

Leu

Leu

980

Glu

Leu
645

Ala

Glu

Gly

Pro

Ser

725

Pro

Phe

Leu

Leu

Gln

805

Ile

Gly

Glu

Cys

Phe

885

Gln

Ile

Lys

Gly

Gly

965

Thr

Asn

Gly

Lys

Asp

Leu

Ser

710

Gly

Arg

Leu

Leu

Ala

790

Leu

Trp

Thr

Ala

Pro

870

Arg

His

Glu

Leu

Glu

950

Pro

Ala

Lys

Arg

Leu

Gln

Val

695

Phe

Glu

Lys

Ala

Gly

715

Arg

Leu

Gln

Arg

Ala

855

Ser

Ala

Gly

Pro

val

935

Leu

Val

Phe

Ile

Ala Ala Leu Asp Ser Pro Pro Gly Ala
650 655

Ala Trp Glu Leu Gly Arg Arg His Gln
665 670

Phe Pro Ser Ala Asp val Arg Thr Trp
680 €85

Gln His Prc Pro Arg Ala Ala Glu Ser
700

Leu Leu Gln Cys Phe Leu Gly Ala Leu
715 720

Ile Lys Asp Lys Glu Leu Pro Gln Tyr
730 735

Lys Arg Pro Tyr Asp Asn Trp Leu Glu
745 750

Gly Leu Ile Phe Gln Pro Pro Ala Arg
760 765

Pro Ser Ala Ala Ala Ser Val Asp Arg
780

Tyr Leu Lys Arg Leu Gln Pro Gly Thr
795 800

Glu Leu Leu His Cys Ala His Glu Ala
810 815

His Val Val Gln Glu Leu Pro Gly Arg
825 830

Leu Thr Pro Pro Asp Ala His Val Leu
840 845

Gly Gln Asp Phe Ser Leu Asp Leu Arg
860

Gly Leu Gly Ser Leu Val Gly Leu Ser
875 880

Ala Leu Ser Asp Thr Val Ala Leu Trp
890 835

Glu Thr Lys Leu Leu Gln Ala Ala Glu
905 910

Phe Lys Ala Lys Ser Leu Lys Asp Val
920 925

Gln Thr Gln Arg Thr Arg Ser Ser Ser

840

Pro Ala Val Arg Asp Leu Lys Lys Leu
955 960

Ser Gly Pro Gln Ala Phe Pro Lys Leu
970 975

Ser Ser Leu Gln His Leu Asp Leu Asp
985 990

Gly Asp Glu Gly Val Ser Gln Leu Ser
1000 1005
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Ala

Gln

Leu

Asn

Pro

Phe

Cys

Phe

Leu

Thr
1010

Asn
1025

Pro
1040

Cys
1055

Asp
1070

Thr
1085

Pro
1100

Ser
1115

Arg
1130

<210>5
<211> 4654
<212>DNA
<213> Homo sapiens

<400> 5

ggttagtgat gaggetagtg atgaggetgt gtgcttetga getgggeate cgaaggeatc

cttggggaag
ggattcctac
ccaaggcagc
gettottaac
ggctggagaa
ccagttcage
caatatcgeg
ggacatttte
agaagttggy
gcactggaag
gagcgactgc
ctccggecag
gttgagectge
gcceecatggg
ccatggtgag
ccteccaaca
cotgoocage
gtceccecacce
geeggtggag
ggatggeate
gagectggag
cctggotgag
tgctgtgetg

ctgggettgt

Phe

Asn

Ser

Ile

Met

Ala

His

val

Pro

Ile

Leu

Cys

Val

Ala

Val

Gln

Gln

Thr

Ala

Asp

Ser

Gly

Glu

Glu

acaatgcgtt
tecacagtgtg
agegatgety
gaagagattg
aggctgttgt
gaactggacc
aagcacatag
cagaaaagtc
ccagctgagce
tccaccctge
atgcgectgg
ctgaatctec
ctctggcaaa
gtgccccagg
tctecagace
atgectgaac
caatgccegg
cagttctacc
ctagtggagy
cgggaactgg
gtgctgttgg
ggcaaagctg

ggccggctte

Leu Lys Ser Leu Glu

1015

Asp Leu Gly Ala Tyr

1030

Ala Ser Leu Leu Arg

1045

Val Gly Ala Glu Ser

1060

Leu Arg Val Met Asp

1075

Ala Gln Gln Leu Ala

1090

Thr Leu Ala Met Trp

1105

His Leu Gln Gln Gln

1120

gcctggetcee
ccaccatgga
accccctgtyg
agetctacte
gtgacatgga
agtatgtott
gaccagatga
agaaaagacc
cccecactgt
cctgeectgee
agaaaaccga
ctgagggacce
tctctgagge
ccagccaagt
ggccaggete
ctgoectgac
cagctggaga
gotcactgea
tggatetggt
ccacccagga
ctgecaagga
gtcagggcaa

cccagtacga

acgcectget
gttggggooa
cetetacecac
agaaccagac
aggtgatgaa
ccaggactoa
agtgatoggt
ctteoccagag
ggtgactgge
actgcctgeg
ccagattcce
catccagttt
tggaacaggg
accccctooa
caccagoooa
cteoocgagea
ggtctccaac
ggacacgtat
gcaggecagg
ctgggcagaa
gcaccggoegg
gagctattgg

ctttgtcttc

Thr

Lys

Leu

Leu

Val

Ala

Thr

Asp

gggtcctacc
ctagaaggtg
ttetatgace
acagacacca
gagaccaggy
cagetggagg
gagagtatgg
gagcettecygg
agtctcctag
ctgttcaacc
atgcetttot
gteccecaceca
gtctccagta
agtggattea
ttegetocat
aacatgacag
aagcttccaa
gatgecgage
ctggagagga
cggcagetgg
ccgcegtgaga
gctggggeag

tctgtecect

Leu
1020

Leu
1035

Ser
1050

Ala
1065

Gln
1080

Ser
1095

Pro
1110

Ser
1125

ctgagggeac gaggaggggce tgccagacte cgggagetge

Asn

Ala

Leu

Arg

Tyr

Leu

Thr

Arg

Leu

Glu

Tyr

Val

Asn

Arg

Ile

Ile

Ser

Ala

Asn

Leu

Lys

Arg

Pro

Ser

tgectggetyg
tgtcagagcc
gctacctgga
agatggacct
tcaactgeyga
aggcttatge
gceotgageaa
agatgccage
cagacctgaa
tgggaccagt
aggagccagce
ccagttecte
tctecactet
tattcatcta
ctgtecacgg
cagecactga
agcacaagac
aatggectga
cegoaggeec
gcagcagoaa
cccaaggagy
cacgagtgat
tgagcecggge

gccattgett

120

240

300

360

420

480

540

600

660

720

780

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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gaaccgtceg ggggatgcct atggecctgeca ggatctgetce ttetcecetgg
actegtyggeg gocgatgagg ttttcagoca catcttgaag agacctgacce
catcctagac ggettegagy agetggaage geaagatgge ttectgeaca
accggeacey geggagcoet goteccteoeyg ggggdtgetyg gecggeottt
getgeteoega ggttgeacce toctectocac ageceggoee cggggodgos
cctgagcaag gocgadgece tatttgaget gteeggotte tecatggage
atacgtgatg cgetactttg agagetcagyg gatgacagag caccaagaca

gcetectecgg gaccggocac ttettetecag teacagecac agooctactt

agtgtgccag ctctcagagg
getcacggga ctcectatgteg
cctggcagag ctggccaagc
ggaggaccag ttcocatceg
acaccecacdeg cgggecgeag
ectgggggec ctgtggetgg
cctageattg accccaagga
ctttctgget gggctgatcet
atcggeggct gecteggtgg
gecagaeegggyg acactgegag
cgaggaggat ggaatttgge
gggecaccege ctcacgecte
ccaagacttc tccctggacce
cgtgggactc agctgtgtca
ggagtcccty cagcagcatyg
catogagect ttcaaageca
gactcagagg acgagaagtt
cctaaagaaa ctggagtttg
ggtgecggatc ctcacggcct
gaacaagatc ggggacgagg
cttggaaace ctcaatctgt
cgaggecctg ccttegetag
ctgegacgtyg ggagecgaga
gatggacgte cagtacaaca
teggaggtgt cctcatgtgyg
ccaggaacac ctgcaacaac
tggacaggca tgttctctga
agacagctet totecagget
tggtteaggy ttggeecectyg
cacaggcccg gctccagget

ggtccaccca ggageeccga

cagagggagt gacagaggca
aaagtacttc ttttttttta
gtggtgegat ctgggttcac
cagcecteceg agtagetggg
tttagtagag acagggtttt
tgatccacco acctcagect

gccacagaga aagtacttct

coctgetgga gettggggag
gectgetggg cegtgeagee
tggcectggga getgggeege
cagacgtgag gacctgggeg
agtccgaget ggécttecce
ctctgagtgg cgaaatcaag
agaagaggcce ctatgacaac
tccagecctoe cgeccgetge
acaggaagca gaaggtgett
cgeggcaget getggagetyg
agcacgtggt acaggagctc
ctgatgcaca tgtactgggce
tccgecagecac tggcatttge
ccegttteag ggetgecttg
gggagaccaa gctacttcag
agtccctgaa ggatgtggaa
cctaggaaga cacagetggg
cgetgggece tgtetcagge
tttcectccct gecagcatctg
gtgtectegea getotcagee
cccagaacaa catcactgac
ctgeatcact getcaggeota
goettggeteg tgtgetteeg
agttcacgge tgecggggec
agacgctgge gatgtggacg
aggattecacg gatcagectg
ggacactaac cacgctggac
gtatecccatyg agectcagea
cceggetgeg gaatgaacca
cotttagege ccagttgggt

ggecettetet gaaggacatt

gccccattet gectgeccag
tttttagaca gagtctcact
tgcaaccteo gectettggg
actacaggca cccaccatca
gecatgttgg ccaggetggt
cccaaagtgce tgggattaca

ccaccctget ctcocgaccag

gacgccaage
ctagacageo
agacatcaaa
atggccaaay
agetteoctec
gacaaggagc
tggetggagy
ctgggagecee
gecgaggtacce
ctgeactgey
cocaggecgec
aaggccttgg
ccctotggat
agcgacacgyg
gcagcagagg
gacctgggaa
gagctacctg
ccoccaggett
gacctggatg
acctteccceoco
ctgggtgect
agcttgtaca
gacatggtgt
cagcageteyg
cccaccatce
agatgatceo
cttgaactgg
tectggeace
catecttgete
ggatgcctgg

gcggacagee

gccecacagcec
gcgttetget
gecacgtgegg
tcoagaagaa
tggtecagag
aggcccaggce
gagcectgac

tgtgeeggge

tgcecetecac
cccoccgggygo
gtaccctaca
gottagtoca
tgeaatgett
teccecgecagta
gegtgecaag
tactcgggec
tgaagegget
cccacgaggc
tototttteot
aggcggeggyg
tggggagect
tggegetgtyg
agaagttcac
agoettgtgea
ctgtteggga
tocccaaact
cgctgagtga
agctgaagtce
acaaactcege
atasctgeat
cectocgggt
ctgecagoct
cattcagtgt
agctgtgete
gtacttgtgg
cggaccctge
tgetgacaga
tggcagctge

acggccagge

gccectgeca ccctggggag

gttgeccagg ctggegtgea

ttcaagegat
tgtctggeta
ctcaaactet
agegtgagcce

acaccttgac

tettetgett
attttteatt
tgacctecagy
actgcaccgg

agggcacacc

1560
1620
1680
1740
1800
1860
1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3129

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3360

4020

4080

4140

4200

4260
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gggcactcag aagacactga

gctgggettce agtggoagct

aaagccaaaqg ctaggeootgg

cactaatggg gcggtgagag

tttcactaca ttataaatgt

cectgttace attttggggt

aaatcatagt ggcttaaaac

<210>6
<211> 495
<212> PRT
<213> Artificial Sequence

<220>
<223> anti-CD19 Cimeric Antigen Receptor

<400>6

Met
1

Gly

Lys

Phe

Leu

€5

Asn

Ser

Val

Asp

Gly

145

Thr

Ile

Tyr

Ile

Gly

225

Ala

Phe

Glu

Ser

Pro

Thr

Glu

Glu

Thr

Tyr

Tyr

130

Ser

Gln

Ser

Leu

Tyxr

210

Ser

Glu

Thr

tgggcaacec
gcttttgtet
ccagatgcac
gggaacagac
ctetttaatg
acccactget

aacactcaca

Thr Asp Thr Leu Leu Leu

5

Thr Gly Glu Val Gln Leu

20

Gly 3Ala Ser Val Lys Met

35

40

Ser Tyr Val Met His Trp

Trp Ile Gly Tyr Ile Asn
70

Lys Phe Lys Gly Lys Ala

85

Ala Tyr Met Glu Leu Ser S

100

1

Tyr Cys Ala Arg Gly Thr T

115

Trp Gly Gln Gly Thr Thr Leu Thr Val Ser

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

120

135

150

Ala Ala Pro Ser Ile Pro Val Thr Pro Gly

165

Cys Arg Ser Ser Lys Ser Leu Leu Asn Ser

180

1

Tyr Trp Phe Leu Gln Arg P

195

200

Arg Met $er Asn Leu Ala §

Gly Ser Gly Thr Ala Phe Thr Leu Arg Ile

215

230

Asp Val Gly Val Tyr Tyr Cys Met Gln His

245

Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys

260

ccagcctget
atgggactca
cagceacttag
tggaagcaca
tcacaggcag
ctggttatet

ttta

Trp Val Leu
10

Gln Gln Ser
25

Ser Cys Lys

Val Lys Gln

Pro Tyr Asn
75

Thr Leu Thr
30

er Leu Thr Ser

05

yr Tyr Tyr Gly

aactcocecag attgcaacag

atgcactgac attgttggce

cagggaaaca gcetaatggga

gcttcatttce ctgtgtettt

gtccagggtt tgagttcata

aatatgtaac aagccaccce

Leu

Gly

Ala

Lys

60

Asp

Ser

Glu

Ser

Leu

Pro

Ser

45

Pro

Gly

Asp

Trp Val Pro
15

Glu Leu Ile
30

Gly Tyr Thr

Gly Gln Gly

Thr Lys Tyr
80

Lys Ser Ser
95

Asp Ser Ala

110

125

140

155

170

85

ro Gly Gln Ser

er Gly Val Pro

Ser

Asp

Glu

Asn

Pro

Arg Val Phe

Gly Gly Gly

Ile Val Met

160

Ser Val Ser

175

Gly Asn Thr

190

205

220

235

250

265

Asp

Ser

Leu

Arg

Gln Leu Leu

Arg Phe Ser

Arg Val Glu

240

Glu Tyr Pro

255

Ser Asp Pro

270

43£V

4380

4440

4500

4560

4620

4654
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Thr Thr Thr
275

Ser Gln Pro
290

Gly Ala Val
305

Trp Ala Pro

Ile Thr Leu

Lys Gln Pro
355

Cys Ser Cys
370

Val Lys Phe
385

Asn Gln Leu

Val Leu Asp

Arg Arg Lys
435

Lys Met Ala
450

Arg Gly Lys
465

Lys Asp Thr

<210>7
<211>17
<212>PRT

Pro

Leu

His

Leu

Tyr
340

Phe

Arg

Ser

Tyr

Lys

420

Glu

Gly

Tyr

Ala Pro

Ser Leu

Thr Arg
310

Ala Gly
325

Cys Lys

Met Arg

Phe Pro

Arg Ser
390

Asn Glu
405

Arg Arg

Pro Gln

Ala Tyr

His Asp

470

Asp Ala
485

<213> Artificial Sequence

<220>

<223> ANti-CD19 CAR

<400> 7

Arg

Arg

295

Gly

Thr

Arg

Pro

Glu

375

Ala

Leu

Gly

Glu

Ser

455

Gly

Leu

Pro
280

Pro

Pro

Glu

Leu Asp

Cys

Gly Arg Lys
345

val

360

Glu

Asp

Asn

Arg

Gly

440

Glu

Leu

His

Gly

Phe

val

Thr

Ala

Pro

Cys

Ala

Ala Pro

285

Arg Pro

300

315

330

Gln

Glu

Ala

Leu

Asp

425

Leu

Ile

Tyr

Met

Thr

Glu

Pro

Gly

410

Pro

Tyr

Gly

Gln

Gln
490

Leu

Lys

Thr

Gly

Ala

385

Arg

Glu

Asgn

Met

Gly

475

Ala

Cys Asp

Leu Leu

Leu Leu

Gln Glu Glu

Thr

Ala

Ile

Ser

Tyr
350

365

Gly Cys

380

Tyr Gln

Arg Glu

Met Gly

Glu Leu

Glu

Gln

Glu

Gly

Ile

Ala

Tyr

Leu

335

Ile

Ala

Gly

Ile

320

val

Phe

Asp Gly

Leu Arg

Gly Gln

400

Tyr Asp

415

430

445

Lys Gly

460

Leu Ser

Leu Pro

Gln

Glu

Thr

Pro

Lys Pro

Lys Asp

Arg Arg

Ala Thr

480

Arg

495

Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala

1

Ala

<210>8
<211> 23
<212> DNA

5

<213> Homo sapiens

<400> 8

gagaatcaaa atcggtgaat agg

<210>9
<211> 23
<212> DNA

23

10

15
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<213> Homo sapiens

<400>9
ttcaaaacct gtcagtgatt ggg

<210>10

<211> 23

<212> DNA

<213> Homo sapiens

<400> 10
tgtgctagac atgaggtcta tgg

<210> 11

<211> 23

<212> DNA

<213> Homo sapiens

<400> 11
cgtcatgagc agattaaacc cgg

<210>12

<211> 23

<212> DNA

<213> Homo sapiens

<400> 12
tcagggttct ggatatctgt ggg

<210>13

<211> 23

<212> DNA

<213> Homo sapiens

<400> 13
gtcagggttc tggatatctg tgg

<210> 14

<211> 23

<212> DNA

<213> Homo sapiens

<400> 14
ttcggaaccc aatcactgac agg

<210>15

<211> 23

<212> DNA

<213> Homo sapiens

<400> 15
taaacccggc cactttcagg agg

<210> 16

<211> 23

<212> DNA

<213> Homo sapiens

<400> 16
aaagtcagat tigtigctcc agg

23

23

23

23

23

23

23

23
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<210>17

<211> 23

<212> DNA

<213> Homo sapiens

<400> 17
aacaaatgtg tcacaaagta agg

<210>18

<211> 23

<212> DNA

<213> Homo sapiens

<400> 18
tggatttaga gtctctcagc tgg

<210>19

<211> 23

<212> DNA

<213> Homo sapiens

<400> 19
taggcagaca gacttgtcac tgg

<210> 20

<211> 23

<212> DNA

<213> Homo sapiens

<400> 20
agctggtaca cggcagggtc agg

<210> 21

<211> 23

<212> DNA

<213> Homo sapiens

<400> 21
gctggtacac ggcagggtca ggg

<210> 22

<211> 23

<212> DNA

<213> Homo sapiens

<400> 22
tctctcagcet ggtacacggce agg

<210> 23

<211> 23

<212> DNA

<213> Homo sapiens

<400> 23
tttcaaaacc tgtcagtgat tgg

<210> 24

<211> 23

<212> DNA

<213> Homo sapiens

23

23

23

23

23

23

23
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<400> 24
gattaaaccc ggccactttc agg

<210> 25

<211> 23

<212> DNA

<213> Homo sapiens

<400> 25
ctcgaccagc ttgacatcac agg

<210> 26

<211> 23

<212> DNA

<213> Homo sapiens

<400> 26
agagtctctc agctggtaca cgg

<210> 27

<211> 23

<212> DNA

<213> Homo sapiens

<400> 27
ctctcagctg gtacacggca ggg

<210> 28

<211> 23

<212> DNA

<213> Homo sapiens

<400> 28
aagttcctgt gatgtcaagc tgg

<210> 29

<211> 23

<212> DNA

<213> Homo sapiens

<400> 29
atcctectee tgaaagtggce cgg

<210> 30

<211> 23

<212> DNA

<213> Homo sapiens

<400> 30
tgctcatgac gctgeggcetg tgg

<210> 31

<211> 23

<212> DNA

<213> Homo sapiens

<400> 31

acaaaactgt gctagacatg agg

<210> 32
<211> 23

23

23

23

23

23

23

23

23
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<212> DNA
<213> Homo sapiens

<400> 32
atttgtttga gaatcaaaat cgg

<210> 33

<211> 23

<212> DNA

<213> Homo sapiens

<400> 33
catcacagga acttictaaa agg

<210> 34

<211> 23

<212> DNA

<213> Homo sapiens

<400> 34
gtcgagaaaa gctttgaaac agg

<210> 35

<211> 23

<212> DNA

<213> Homo sapiens

<400> 35
ccactttcag gaggaggatt cgg

<210> 36

<211> 23

<212> DNA

<213> Homo sapiens

<400> 36
ctgacaggtt ttgaaagttt agg

<210> 37

<211> 23

<212> DNA

<213> Homo sapiens

<400> 37
agctttgaaa caggtaagac agg

<210> 38

<211> 23

<212> DNA

<213> Homo sapiens

<400> 38
tggaataatg ctgttgttga agg

<210> 39

<211> 23

<212> DNA

<213> Homo sapiens

<400> 39

23

23

23

23

23

23

23
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agagcaacag tgctgtggcc tgg

<210> 40

<211> 23

<212> DNA

<213> Homo sapiens

<400> 40
ctgtggtcca gctgaggtga ggg

<210> 41

<211> 23

<212> DNA

<213> Homo sapiens

<400> 41
ctgcggcetgt ggtccagcetg agg

<210> 42

<211> 23

<212> DNA

<213> Homo sapiens

<400> 42
tgtggtccag ctgaggtgag gag

<210>43

<211> 23

<212> DNA

<213> Homo sapiens

<400>43
cttcttccce agecccaggta agg

<210> 44

<211> 23

<212> DNA

<213> Homo sapiens

<400> 44
acacggcagg gtcagggttc

<210> 45

<211> 23

<212> DNA

<213> Homo sapiens

<400> 45
cttcaagagc aacagtgctg tgg

<210> 46

<211> 23

<212> DNA

<213> Homo sapiens

<400> 46
ctggggaaga aggtgtcttc tgg

<210> 47
<211> 23
<212> DNA

23

23

23

23

23

23

23

23
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<213> Homo sapiens

<400> 47
tcctectect gaaagtggcec ggg

<210> 48

<211> 23

<212> DNA

<213> Homo sapiens

<400> 48
ttaatctgct catgacgctg cgg

<210> 49

<211> 23

<212> DNA

<213> Homo sapiens

<400> 49
acccggccac tttcaggagg agg

<210> 50

<211> 23

<212> DNA

<213> Homo sapiens

<400> 50
ttcttcccca goccaggtaa ggg

<210> 51

<211> 23

<212> DNA

<213> Homo sapiens

<400> 51
cttacctggg ctggggaaga agg

<210> 52

<211> 23

<212> DNA

<213> Homo sapiens

<400> 52
gacaccttct tccccagecec agg

<210> 53

<211> 23

<212> DNA

<213> Homo sapiens

<400> 53
gctgtggtcc agctgaggtg agg

<210> 54

<211> 23

<212> DNA

<213> Homo sapiens

<400> 54
ccgaatcctc ctcetgaaag tgg

23

23

23

23

23

23

23

23
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<210> 55

<211> 49

<212> DNA

<213> Homo sapiens

<400> 55
ttccctcecca ggceagctcac agtgtgccac catggagttg gggccccta

<210> 56

<211> 49

<212> DNA

<213> Homo sapiens

<400> 56
tgcctctacc acttctatga ccagatggac ctggctggag aagaagaga

<210> 57

<211> 49

<212> DNA

<213> Homo sapiens

<400> 57
tcttcatcca agggacitttt cctcccagaa cccgacacag acaccatca

<210> 58

<211> 49

<212> DNA

<213> Homo sapiens

<400> 58
tgttgtgtga catggaaggt gatgaagaga ccagggaggc ttatgccaa

<210> 59

<211> 47

<212> DNA

<213> Homo sapiens

<400> 59
ccaaagattc aggtttactc acgtcatcca gcagagaatg gaaagtc

<210> 60

<211> 49

<212> DNA

<213> Homo sapiens

<400> 60
ttgtcccaca gatatccaga accctgaccce tgecgtgtac cagctgaga

<210>61

<211> 49

<212> DNA

<213> Homo sapiens

<400> 61
tgtgttigag ccatcagaag cagagatctc ccacacccaa aaggccaca

<210> 62

<211> 50

<212> DNA

<213> Homo sapiens

49

49

49

49

47

49

49
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<400> 62
ttcccacccg aggtcgctgt gtttgagcca tcagaagcag agatctcecca

<210>63

<211> 49

<212> DNA

<213> Homo sapiens

<400> 63
tttagaaagt tcctgtgatg tcaagctggt cgagaaaagc tttgaaaca

<210> 64

<211> 49

<212> DNA

<213> Homo sapiens

<400> 64
tccagtgaca agtctgtctg cctattcacc gattttgatt ctcaaacaa

<210> 65

<211> 49

<212> DNA

<213> Homo sapiens

<400> 65
tatatcacag acaaaactgt gctagacatg aggtctatgg acttcaaga

<210> 66

<211> 49

<212> DNA

<213> Homo sapiens

<400> 66
tgaggtctat ggacttcaag agcaacagtg ctgtggcctg gagcaacaa

<210> 67

<211> 2814

<212> DNA

<213> Artificial Sequence

<220>
<223> TALE-nuclease sequence

<400> 67

50

49

49

49

49

atgggcgatce ctaaaaagaa acgtaaggtc atcgattace catacgatgt teoccagattac

getategata tegeogatcet acgcacgete ggetacagee agcageaaca ggagaagatce

aaaccgaagyg ttegttegac agtggegecag caccadgagg cactggtegg ccacgggttt

acacacgcgc acatcgttgec gttaagcecaa caceccggcag cgttagggac cgtcogetgte

aagtatcagg acatgatcgc agcgttgocca gaggcgacac acgaagcgat cgttggegtce

ggcaaacagt ggtocggege acgegcetcetg gaggecttge tcacggtgge gggagagttg

agaggtccac cgttacagtt ggacacaggc caacttctca agattgcaaa acgtggcgge

gtgaccgcag tggaggcagt gcatgcatgg cgcaatgcac tgacgggtgce cccgctcaac

ttgacccegg agecaggtggt ggocatcgec agecacgatyg goggcaagca ggegetggag

acggtccage ggctgttgec ggtgetgtge caggceccacg gottgacccce ggagcaggtg

gtggccatcg ccagccacga tggcggcaag caggcegetgg agacggtcca geggetgttg

ceggtgetgt goccaggecca cggettgace ccggageagg tggtggeocat cgocagcoaat

attggtggea agcaggeget ggagacggtg caggcegetgt tgoeggtget gtgeccaggeco

60

120

180

240

300

360

420

480

540

600

660

720

780

DK/EP 3116902 T3



cacggcttga
ctggagacgy
caggtggtgg
ctgttgeegyg

agcaataatg

caggcccacy
caggegetgg
ccecagaagg
cagcggetgt
atagccagea
ctgtgccagg
ggcaagcagy
ttgaccecgg
acggtgcagy
gtggceateg
ceggtgetgt
aatggtggea
cacggcttga
ctggagacgg
caggtggtgy
ctgttgecgy
agcaatggeg
ccggegttgg
cctgegetgyg
aagtccgage
gagtacatcg
aaggtgatgg
aggaagcccy
gacaccaagq
aggtacgtgy
gtgtaceccct
aactacaagg
tecgtggagg

gaggtgagga

<210>68

<211> 2832
<212> DNA

ccccggagea
tgcaggeget
ccatcgecag
tgetgtgeca

gtggoaagca

gettgaccee
agacggtgca
tggtggocat
tgeccggtget
atggecggtygg
cccacggett
cgetggagac
agcaggtggt
cgetgttgeo
ccagceaataa
gccaggeooca
agcaggeget
cccccoagaa
tccagecggct
ccatagocag
tgetgtgaca
geggeaggec
ccgegttgac
atgcagtgaa
tggaggagaa
agctgatcga
agttetteat
acggcgecat
cctactcoogg
aggagaacca
ccagegtgac
cccagetgaa
agctoactgat

ggaagttcaa

ggtggtggce
gttgeeggtyg
caatattggt
ggcccacggoe

ggcgetggag

ggagcaggtyg
ggcegatgttg
cgccagcaat
gtgccaggeo
caagcaggcyg
gaccccggag
ggtccagegyg
ggccatcegec
ggtgectgtge
tggtggcaayg
cggcttgace
ggagacggte
ggtggtggece
gttgccggtg
caatggeggt
ggcccacgge
ggcgetggag
caacgaccac
aaagggattyg
gaaatccegag
gatcgcccegg
gaaggtgtac
ctacaccgtyg
cggctacaac
gaccaggaac
cgagttcaag
caggctgaac
cggeggcgag

caacggcgag

<213> Artificial Sequence

<220>

<223> TALE-nuclease sequence

<400> 68
atgggegatc

gagagacagc
cagcaacagg
ctggtecggeco

ttagggaccyg

ctaaaaagaa
acatggacag
agaagatcaa
acgggtttac

tegetgteaa

acgtaaggtc
catagatate
accgaaggtt
acacgcgcac

gtatcaggac

atcgccagca
ctgtgecagy
ggcaagcagy
ttgacceccoo

acggtccage

gtggecateg
coggtgetgt
ggcggtggea
cacggcttga
ctggagacgg
caggtggtgg
ctgttgeegy
agcaatattg
caggcccacy
caggcgctgg
ccccageagy
cageggetgt
atecgccagea
ctgtgccagg
ggcaagcagy
ttgaccecte
agcattgttg
ctcgtegect
ggggatccta
ttgaggcaca
aacagcaccc
ggctacagygy
ggctccceca
ctgecccatcg
aagcacatca
ttecctgtteg
cacatcacca
atgatcaagg

atcaactteg

atcgataagg
gcegatetac
cgttcgacag
atcgttgegt

atgatcgeag

atattggtgg
cocacggett
cgetggagac
agcaggtggt

ggctgttgea

ccagcaatat
gocaggeeca
agcaggaegct
ceeccceagea
toccagegget
ccatcgecag
tgetgtgeca
gtggcaagca
gettgacecca
agacggtecca
tggtggecat
tgceggtget
atggeggtygg
cccacggcett
cgetggagac
agcaggtggt
ccecagttate
tggcctgect
tcageegtte
agctgaagta
aggaccgtat
gcaagcaccet
tcgactacgy
gocaggecga
accacaacga
tgtceggeca
actgecaacgg
caggaacact

cggeegacty

agaccgccgc
gcacgategyg
tggegeagea
taagccaaca

cgttgocaga

caagcaggcg
gacceoggag
ggtgcagygcy
ggccatogea

ggtgctgtge

tggtggcaag
cggettgace
ggagacggtce
ggtggtggece
gttgceggtyg
ccacgatgge
ggcccacgge
ggcgctggag
coagecaggtyg
geggetgttyg
cgecageaat
gtgccaggece
caagcaggceg
gacccecccag
ggtecagegy
ggacatogee
tegeactgat
cggegggegt
ccagetggty
cgtgcecoccac
cctggagatg
gggcggetee
cgtgatcgty
cgaaatgcag
gtggtggaag
cttcaaggygce
agocgtgoty
gaccctggagy

ataa

tgccaagttce
ctacageeag
ccacgaggca
cccggeagag

ggcgacacac

840
300
3960
1020

1080

1140
1200
1260
13290
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760

2814

60
120
180
240

300
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gaagcgateg
acggtggegyg
attgcaaaac
acgggtgeco
ggcaagcagg
ttgacceecgy
acggtgcagyg
gtggccatcg
ceggtgetgt
ggcggtggcea
cacggcttga
ctggagacgy
caggtggtgg
ctgttgecgg
agccacgatg
caggcccacy
caggcgetgg
ccggageagy
caggcgetgt
atcgcecagca
ctgtgecagy
ggcaagcagyg
ttgaccccgg

acggtccage

gtggccatcyg
cecggtgetgt
gatggcggea
cacggcttga
ctggagacgy
caggtggtag
cagttatctc
gectgecteg
agccgttecco
ctgaagtacg
gaccgtatece
aagcacctgg
gactacggeg
caggccgacyg
cccaacgagt
tcocggccact
tgcaacggeg
ggcaccctga
gecgactgat
<210>69

<211> 2814
<212> DNA

ttggegtegg
gagagttgag
gtggceggegt
cgetcaactt
cgetggagac
agcaggtggt
cgetgttgee
ccagccacga
gecaggecca
agcaggcgcet
coceccagea
tccagegget
ccatcgccag
tgetgtgeca
gecggeaagea
gcttgaccce
agacggtcca
tggtggecat
tgeeggtget
atggcggtgg
cccacggett
cgctggagac
agcaggtggt

ggetgttgee

ccagecaatgg
gccaggccca
agcaggeget
ccceoccagea
tecagegget
ccategecag
gcectgatce
gegggagtea
agctggtgaa
tgcoccacga
tggagatgaa
gcggoetocag
tgatcgtgga
aaatgcagag
ggtggaaggt
tcaagggcaa
ccgtgetgte
cecctggagga

aa

caaacagtgg
aggteccacag
gaccgeagtyg
gaccocccag
ggtcocagegy
ggccategeo
ggtgctgtge
tggoggeaag
cggattgace
ggagacggtc
ggtggtggec
gttgeeggtyg
caatggceggt
ggcceacgga
ggcgctyggag
ggagcaggtyg
gcggetgttg
cgccagcaat
gtgcdaggeo
caagcaggceg
gacccoccay
ggtccagegg
ggccatcgee

ggtgctgtge

cggtggcaag
cggcttgace
ggagacggtc
ggtggtggec
gttgeeggtyg
caatggogge
ggcgttggec
tgegetggat
gtccgagetg
gtacatcgag
ggtgatggag
gaagcccgac
caccaaggcc
gtacgtggag
gtacccetac
ctacaaggec
cgtggaggag

ggtgaggagyg

teoggegeac
ttacagttgg
gaggecagtge
caggtggtgg
ctgttgecgg
agcaatattg
caggcccacyg
caggegcetgg
ccccageagg
cagcggetgt
atcgccagca
ctgtgccagy
ggcaagcagg
ttgacccogg
acggtccage
gtggccatcg
cocggtgetgt
attggtggea
cacggettga
ctggagacgg
caggtggtgy
ctgttgecegg
agccacgatg

caggeccacy

caggegetgg
ccggageagyg
cagcggcetgt
atcgccagca
ctgtgecagg
ggcaggecgg
gcgttgacca
gcagtgaaaa
gaggagaaga
ctgatcgaga
ttcttecatga
ggcgecatct
tactccggeg
gagaaccaga
agegtgadeg
cagctgacca
ctoctgatceg

aagttcaaca

gcgetctgga
acacaggcca
atgcatggeg
ccategecag
tgetgtgeca
gtggecaageca
gcttgaccece
agacggtcca
tggtggecat
tgceggtget
atggcggtgg
ccocacggett
cgctggagac
agcaggtggt
ggetgttgee
ccagccacga
gccaggocca
agecaggeget
ccceoeccagea
tcecagegget
ccatcgecag
tgctgtgeca
gcggcaagea

gettgaccec

agacggteca
tggtggccat
tgecggtget
atggeggtgg
cacacggett
cgetggagag
acgaccacct
agggattggg
aatccgagtt
tcgoecggaa
aggtgtacgg
acaccgtggg
gctacaacct
ccaggaacaa
agttcaagtt
ggctgaacca
gcggegagat

acggagagat

ggcecttgete
acttctcaag
caatgcactg
caataatggt
ggcoacacgge
ggegetggag
ggagcaggtyg
gcoggctgttg
cgccageaat
gtgccaggec
caagcaggcg
gacccocoag
ggtccagcgg
ggccatcgec
ggtgctgtge
tggcggeaag
cggcttgaca
ggagacggty
ggtggtggee
gttgceggtyg
caatggeggt
ggcccacgge
ggegetggag

ccageaggty

geggctgtig
cgccagecac
gtgcecaggee
caagcaggcg
gacccectoayg
cattgttgee
cgtegecttg
ggatcctatc
gaggcacaag
cagcacccag
ctacagggge
ctecceeoatc
gceccategge
gcacatcaac
cetgttogtyg
catcaccaac
gatcaaggcc

caacttogeg

360
420
480
540
600
660
720
780
840
300
360
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

1740

1800
1860
1320
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820

2832
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<213> Artificial Sequence

<220>

<223> TALE-nuclease sequence

<400> 69
atgggcgatce

gctatcgata
aaaccgaagg
acacacgcgce
aagtatcagg
ggcaaacagt

agaggtccac

gtgaccgecag
ttgacccecee
acggtccage
gtggecateg
ceggtgetgt
ggeggtggca
cacggattga
ctggagacgg
caggtggtgy
ctgttgcegg
agccacgatg
caggcccacg
caggcgetgyg
ccggageagg
cageggetgt
ategooagea
ctgtgocagg
ggcaagcagyg
ttgaccecegg
acggtgcagg
gtggccatog
ccggtgotgt
attggtggca
cacggcttga
ctggagacgg
caggtggtgg
ctgttgocgg
agcaatggeg
ceggegttgg
cctgegetgyg
aagtccgagc

gagtacateg
aaggtgatgg
aggaagccceg

gacaccaagg

ctaaaaagda
tcgecgatet
ttegttegac
acatcgttgce
acatgatcgc
ggtecggege

cgttacagtt

tggaggcagt gceatgecatgg
agcaggtggt ggccatcgcc
ggctgttgec ggtgetgtge
ceageaataa tggtggeaag
gecaggoeca cggettgace
agcaggcget ggagacggtce
ccccggagea ggtggtggee
tacagegget gttgcceggtg
ccatogecag ccacgatgge
tgctgtgeca ggcccacggo
gceggcaagca ggcgctggag
gcettgaccce ggagcaggtyg
agacggtgca ggegetgttg
tggtggeccat cgccagccac
tgecggtget gtgocaggec
atattggtgy caagcaggey
cecacggett gaccoccoag
cgectggagac ggtccagogg
agcaggtggt ggccatcgec
cgetgttgee ggtgotgtge
ccagcaatgyg cggtggcaag
gccaggccca cggcettgacco
agcaggcget ggagacggtg
ccccecagea ggtggtggec
tccagecgget gttgeceggtyg
ccatcgecag ccacgatgge
tgetgtgeca ggeccacgge
geggeaggee ggegetggag
cegegttgac caacgaccac
atgcagtgaa aaagggattg
tggaggagaa gaaatccgag

agetgatoega gategecegg

agttcttcat
acggegecat

cctacteegg

acgtaaggtc
acgcacgcete
agtggcgeag
gttaagccaa
agcgttgcaa
acgegetetg

ggacacaggc

gaaggtgtac
ctacaccgtg

cggectacaac

aggtacgtgg aggagaacca gaccaggaac

cgcaatgcac
agcaatggcg
caggcacacy
caggegetgyg
coccagoagy
cageggetgt
atecgccagea
ctgtgecagg
ggcaagcagg
ttgacaccgg
acggtccagc
gtggccatcg
ceggtgetgt
gatggcggea
cacggettga
ctggagacygg
caggtggtygy
ctgttgcecogg
agcaatattg
caggeccacg
caggegctyyg
ccggagceagyg
caggcgctgt
atcgeccagea
ctgtgccagg
ggcaageagy
ttgaccecte
agcattgttyg
ctegtegect
ggggatcocta
ttgaggcaca

aacagoacnoc

atcgattace
ggctacagee
caccacgagg
cacccggeag
gaggcgacac
gaggecttge

caacttctea

tgacgggtge
gtggcaagca
gcttgacceoo
agacggtcca
tggtggecat
tgceggtget
acgatggegg
cocacggott
agatggagac
agcaggtggt
ggctgttgee
ccagcaatat
gccaggecca
agcaggeget
ccecoggagea
tgcaggaeget
cecatcgocag
tgctgtgeca
gtggcaageca
gettgacaoe
agacggtccoa
tggtggccat
tgccggtget
atggcggtgg
ccecacggett
cgctggagac
ageaggtggt
cecagttate
tggectgcot
teagecgtte
agctgaagta

aggacaogtat

catacgatgt
agcagcaaca
cactggtcgg
cgttagggac
acgaagcgat
tcacggtgge

agattgcaaa

tcecagattac
ggagaagatc
ccacgggttt
cgtcgectgte
cgttggegtc
gggagagttg

acgtggegge

ceegeteaac
ggcgetggag
ccagecaggtg
geggetgttg
cgcecageaat
gtgoccaggee
caagcaggeg
gaccooggag
ggtecagagy
ggccatcgoe
ggtgctgtge
tggtggcaag
cggcttgace
ggagacggtc
ggtggtggee
gttgeeggtyg
caataatggt
ggcccacgge
ggcgetggag
coageaggty
geggetgttg
cgccagcaat
gtgccaggee
caagoaggcyg
gaceccoggay
ggtecagegyg
ggccatogee
tcgeocetgat
cggegggegt
ccagetggty
cgtgeccccac

cctggagatg

ggctacaggg gcaagcacct gggeggetco

ggctceocceca tegactacgyg cgtgategtg

ctgcccateg gecaggecga cgaaatgcag

aagcacatca accccaacga gtggtggaag

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

60

120

180

240

300

360

420

2400

2460

2520

2580
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gtgtaccecct
aactacaagy
teegtggagyg
gaggtgagga
<210>70

<211> 2832
<212> DNA

ccagegtgac
cccagetgac
agctcctgat

ggaagttcaa

cgagttcaag
caggctgaac
cggeggegag

caacggcgag

<213> Artificial Sequence

<220>

<223> TALE-nuclease sequence

<400> 70
atgggegate

gagagacagc
cagcaacagyg
ctggtcggec
ttagggaceg
gaagcgatceg
acggtggegg
attgcaaaac
acgggtgece
ggcaagcagyg
ttgacceceee
acggtcecage
gtggccateg
ccggtgetgt
attggtggea
cacggcettga
ctggagacgy

caggtggtgy

ctgttgecgyg
agcaatggcg
caggcccacy
caggcgetgy
cdocagcagg
cagceggetgt
atcgccagea
ctgtgeccagy
ggcaagceagyg
ttgaccecegg
acggtccage
gtggecateg
ccggtgetgt
gatggcggea
cacggcttga
ctggagacgg

caggtggtygy

ctaaaaagaa
acatggacag
agaagatcaa
acgggtttac
tcgetgtcaa
ttggegtegg
gagagttgag
gtggcggagt
cgetcaactt
cgctggagac
agcaggtggt
ggetgttgee
ccagccacga
gccaggecca
agecaggeget
cecceocagea
tccagcgget

ccatagaocag

tgetgtgoca
gtggcaagca
gcttgaceda
agacggtcca
tggtggecat
tgeeggtget
atggeggtgg
cccacggett
cgctggagac
agcaggtggt
ggetgttgee
ccagcaatat
gccaggccca
agcaggeget
ceoeeccagea
tccageggct

ccatecgecag

acgtaaggtce
catcgatatce
accgaaggtt
acacgcgcac
gtatcaggac
caaacagtgg
aggtccaccg
gaccgecagtg
gaccceggay
ggtocagcegg
ggccategeo
ggtgectgtge
tggcggcaag
cggcttgace
ggagacggtyg
ggtggtggec
gttgceggtyg

ccacgatgge

ggcccacgge
ggcgcetggag
ccagcaggtg
geggetgttg
cgccagcaat
gtgccaggec
caagoaggeg
gaccceggag
ggtgcaggcg
ggccatecgce
ggtgetgtge
tggtggcaag
cggcttgace
ggagacggtc
ggtggtggec
gttgccggtg

caatggcygge

ttectgtteg
cacatcacca
atgatcaagg

atcaactteg

atcgataagyg
gccgatctac
cgttcogacag
atcgttgegt
atgatcgcag
tecggegeac
ttacagttgg
gaggcagtge
caggtggtgy
ctgttgcegg
agcaatggeg
caggcccacy
caggegetgg
cecggageagy
caggegetgt
atagecagea
ctgtgccagg

ggcaagcagqg

ttgaccceee
acggtccage
gtggecateg
ceggtgetagt
aatggtggea
cacggcttga
ctggagacgyg
caggtggtyy
ctgttgeccgg
agccacgatg
caggcccacy
caggegctgg
ccggagcagy
cagcggetgt
atcgeccagea
ctgtgccagg

ggcaggeegy

tgtccocggeca
actgcaacgg
ccggecaccct

cggeegactyg

agacageaga
gecacgcetoegy
tggegeagea
taagccaaca
cgttgecaga
gegetetgga
acacaggcca
atgocatggeg
ccategecag
tgctgtgececa
gtggcaagea
gettgacece
agacggtceca
tggtggecat
tgecggtget
ataatggtgyg
cccacggett

cgetggagad

agcaggtggt
ggetgttgee
¢ccagcaataa
gecaggecca
agcaggeget
cocoacagea
tacagagget
ccatcgecayg
tgctgtgececa
gcggcaagcea
gettgaccee
agacggtgca
tggtggccat
tgecggtget
ataatggtgg
cccacggett

cgetggagag

cttcaaggge
cgecgtgoety
gaccctggag

ataa

tgocaagtte
ctacagccag
ccacgaggca
cccggeagaeg
ggcgacacac
ggeecttgete
dcttcteaag
caatgcactyg
coacgatgge
ggcacacgge
ggegetggag
ggageaggty
geggctgttyg
cgccagcaat
gtgccaggee
caagcaggcg
gacceceggag

ggtecagegg

ggecategec
ggtgetgtge
tggtggcaag
cggettgace
ggagacggta
ggtggtggec
gttgecoggty
caatattggt
ggcccacgge
ggcgctggag
ggagcaggtyg
ggcgctgttg
cgccagccac
gtgeccaggee
caagcaggcyg
gacccctcag

cattgttgee

2640
2700
2760

2814

&0
120
180
240
300
360
420
480
540
600
660
720

780

960
1020

1080

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1320
1980
2040

2100
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cagttatete gecctgatce ggegttggeco
goctgeecteg gecgggegtce tgegetggat
agccgttecde agetggtgaa gtoogagetg
ctgaagtacg tgccccacga gtacatcgag
gaccgtatee tggagatgaa ggtgatggag
aagcacctgg goggctccag gaagcccgac
gactacggeg tgatcgtgga caccaaggece
caggccgacyg aaatgcagag gtacgtggag
cccaacgagt ggtggaaggt gtacccctce
teceggecact tcaagggeaa ctacaaggoc
tgcaacggey cogtgetgte cgtggaggag
ggcaccctga cecctggagga ggtgaggagg
gecgactgat aa

<210> 71

<211> 2814

<212> DNA
<213> Artificial Sequence

<220>
<223> TALE-nuclease sequence

<400> 71

atgggcgatce ctaaaaagaa acgtaaggtce
gctategata tegocgatet acgcacgetce
aaaccgaagyg ttegttegac agtggegeag
acacacgege acatagttge gttaagocaa
aagtatcagg acatgatcgc agcgttgcca
ggcaaacagt ggtocggege acgogetotg
agaggtccac cgttacagtt ggacacagge
gtgaccgcag tggaggcagt gcatgcatgg
ttgacccecee agcaggtggt ggecatcgee
acggtccage ggetgttgec ggtgctgtge
gtggccatceg ccageaatgg cggtggcaag
ceggtgetgt gecaggecca cggettgacce
aatggtggca agcaggcget ggagacggte
cacggcttga cccccdeoagea ggtggtggec
ctggagacgg tccagegget gttgecggtg
caggtggtgg ccatcgecag caatggeggt
ctgttgecgy tgetgtgeca ggccocacgge
agcaatggeyg gtggcaagca ggcgcetggag
caggcccacg gcttgacccc ccagcaggtg
caggcegetgy agacggtceca goggetgttyg
ccggagcagg tggtggecat cgccagcaat
caggcgcetgt tgceggtget gtgccaggec
atcgccagea ataatggtgg caagcaggeg
ctgtgccagg cccacggcett gaccccggag
ggcaagcagy cgctggagac ggtocagogy
ttgaccecegg agcaggtggt ggccatcgec

acggtecage ggetgttgee ggtgetgtge

gcgttgacea
gcagtgaaaa
gaggagaaga
ctgatcgaga
ttottcatga
ggcgccatct
tactecggeg
gagaaccaga
agcgtgaccg
cagctgadeca
ctectgateg

aagttcaaca

atcgattace
ggctacagece
caccacgagyg
cacccggeag
gaggcgacac
gaggecttge
caacttcteca
cgcaatgcac
agcaataatg
caggcccacy
caggcgetgg
ccccagcagy
cagcoggetgt
atcgocagea
ctgtgecagg
ggcaagcagg
ttgaccecca
acggtccage
gtggccatcg
ceggtgetgt
attggtggeca
cacggcttga
ctggagacgg
caggtggtgg
ctgttgecgy
agccacgatg

caggcecacy

acgaccacct
agggattggg
aatcagagtt
tcogeecggaa
aggtgtacgg
acaccgtggg
gctacaacet
ccaggaacaa
agttcaagtt
ggcetgaacca
geggegagat

acggegagat

catacgatgt
agcagcaaca
cactggtegy
cgttagggac
acgaagcgat
tcacggtgge
agattgcaaa
tgacgggtgc
gtggcaagea
gcettgaccee
agacggteca
tggtggecat
tgeeggtget
atggeagtgg
ceccacggett
cgetggagac
agcaggtggt
ggetgttgec
ccagcaataa
gecaggeeca
agcaggcgcet
cccoccagea
tccagegget
ccatcgccag
tgetgtgeca
gocggcaagcea

gettgadeeo

cgtegecttg
ggatcetate
gaggcacaag
cagcacccag
ctacaggggce
ctccceeate
gococategge
gcacatcaac
cctgttegtg
catcaccaac
gatcaaggce

caacttegeg

tocagattac
ggagaagatc
coacgggttt
agtegetgte
cgttggegtc
gggagagttyg
acgtggeggc
cccgetcaac
ggcgetyggag
ccagecaggotyg
gaggetgtty
cgccagcaat
gtgocaggeco
caagcaggcy
gaccccccag
ggtccagegy
ggccateogee
ggtgctgtge
tggtggcaag
cggcettgace
ggagacggtg
ggtggtggce
gttgceggty
ccacgatgge
ggcccacgge
ggcgctggay

ggagcaggtyg

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820

2832

60

120

240
300
360
420
480
540
600
660
720

780

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

1620
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gtggcecateg

ccggtgetgt
ggcggtggea
cacggettga
ctggagacgg
caggtggtagy
ctgttgecgy
agcaatggcg
ccggegttagy
cctgogetgg
aagtccgage
gagtacatcg
aaggtgatgg
aggaagcccg
gacaccaagg
aggtacgtgg
gtgtacccct
aactacaagg
tecgtggagg

gaggtgagga

<210>72

<211> 2832
<212> DNA

ccagcaatat

gccaggeccca
agcaggcgcet
ceeeggagea
tccagecggct
ccatagocag
tgetgtgeca
gcggecaggcce
cegegttgac
atgcagtgaa
tggaggagaa
agctgatega
agttcttcat
acggcegocat
cctactecgg
aggagaacca
ccagagtgac
cccagctgac
agctoactgat

ggaagttcaa

tggtggcaag

cggcettgace
ggagacggtce
ggtggtggec
gttgccggtg
caatattggt
ggcccacgygo
ggcgctggag
caacgaccac
aaagggattg
gaaatccgag
gatecgeocegyg
gaaggtgtac
ctacaccgtg
cggetacaac
gaccaggaac
cgagttcaag
caggctgaac
cggcggegag

caacggcgag

<213> Artificial Sequence

<220>

<223> TALE-nuclease sequence

<400> 72
atgggcgatc

gagagacagce
cagcaacagyg
ctggtcogged
ttagggaccg
gaagcgateg
acggtggegy

attgcaaaac

acgggtgece
ggcaagcagg
ttgaceccee
acggtecage
gtaggocateg
ccggtgetgt
aatggtggca
cacggcttga
ctggagacgg
caggtggtay

ctattaccaa

ctaaaaagaa
acatggacag
agaagatcaa
acgggtttac
tecgetgteaa
ttggegtaegg
gagagttgag

gtggcggegt

cgcteaactt
cgcetggagac
agcaggtggt
ggctgttgee
ccagcaataa
gccaggecca
agcaggegcet
cocoggagea
teocagegget
ccatcgecag

tactatacca

acgtaaggtc
categatate
accgaaggtt
acacgcogcac
gtatcaggac
caaacagtgg
aggtccaccg

gaccgceagtyg

gaccccccayg
ggtccagegyg
ggccatcgoo
ggtgetgtge
tggtggoaag
cggettgace
ggagacggte
ggtggtggee
gttgecggty
ccacgatgge

agcccacaac

caggegetgy

ccocageagyg
cagcggetgt
atcgecagee
ctgtgccagg
ggcaageagy
ttgaccecte
agcattgttg
ctegtegect
ggggatccta
ttgaggcaca
aacagcaccc
ggetacaggg
ggctcccceca
ctgeccateg
aagcacatca
ttectgtteg
cacatcacca
atgatcaagg

atcaactteg

atcgataagg
gecgatctac
cgttegacag
atcgttgegt
atgategecag
teceggegeac
ttacagttgg

gaggcagtge

agacggtgca

tggtggeecat

tgcecggtget

ggeogetgtty

cgccageaat

gtgccaggee

acgatggegyg caagcaggeyg

cccacggcett
cgetggagac
agcaggtggt
cccagttatc
tggcetgect
tcagccgttc
agctgaagta
aggaccgtat

gcaagcacct

gaccccggag
ggtgeaggeyg
ggecatogeo
tcgeccetgat
cggegggegt
ccagctggtg
cgtgccccac
cotggagaty

gggaggetce

tcgactacgg cgtgatcgtg

gocaggecga

cgaaatgcag

accacaacga gtggtggaag

tgtceggeca cttecaaggge

actgcaacgg cgccgtgctg

caggaacact

gaccctggagy

cggccgactg ataa

agaccgccegce tgccaagttce

gcacgetegyg ctacagecag

tggcgeagea ccacgaggcea

taagccaaca cecggeoageg

cgttgccaga ggcgacacac

gogetetgga ggeocttgete

acacaggcca acttctcaag

atgcatggeg caatgecactg

caggtggtgg ccatcgecag caataatggt

ctgttgeegg
agcaatggcg
caggcccacy
caggagotgg
ccccageagg
cageggetgt
ategecagece
ctgtgecagy
ggcaageagyg

ttaacceecce

tgectgtgeca
gtggcaagca
gettgaccae
agacggtcoca
tggtggccat
tgeeogygtget
acgatggegyg
cccacggett
cgetggagac

agcaaataat

ggcccacggo
ggugetggag
ccagoaggty
gaggotgttyg
cgccagcaat
gtgeccaggee
caagcaggcyg
gaccceggag
ggtcoagegy

aaccatcacc

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2814

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

1020

1080

1140
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agcaatggcg gtggcaagca ggegctggag
caggcccacy gettgaccce ccagcaggty
caggegetgg agacggtcca geggetgttg
ccccageagy tggtggccat cgecageadt
cagaggetgt tgeeggtget gtgecaggoe
atcgccagea atggeggtgg caagcaggeg
ctgtgecagy cccacggett gaceccoccag
ggcaagcagyg cgctggagac ggtccagcgg
ttgaccceee agcaggtggt ggcecategee
acggtcecage ggctgttgee ggtgetgtge
gtyggccatcg ccagcaataa tggtggcaag
ceggtgetgt geocaggecca cggettgace
ggeggtyggca agcaggeget ggagacggte
cacggcettga cccoccagea ggtggtggeco
ctggagacgg tccagegget gttgocoggtg
caggtggtygg ccatcgecag caatggegge
cagttatcte gooctgatce ggegttggoce
gectgectoyg gegggegtee tgegetggat
agccgttecce agoctggtgaa gtccgagetg

ctgaagtacg tgcccecacga gtacatcgag

gaccgtatce tggagatgaa ggtgatggag
aagcacctgg gcggctccag gaagcccgac
gactacggeg tgategtgga caccaaggec
caggccgacy aaatgcagag gtacgtggag
coccaacgagt ggtggaaggt gtaccccteo
tccggccact tcaagggcaa ctacaaggcc
tgcaacggeg ccgtgetgte cgtggaggag
ggcaccctga coctggagga ggtgaggagg
gcecgactgat aa

<210>73

<211> 2814

<212> DNA
<213> Artificial Sequence

<220>
<223> TALE-nuclease sequence

<400> 73

atgggcgate ctaaaaagaa acgtaaggte
gctategata tegecgatet acgcacgete
aaaccgaagyg ttegttegac agtggegcag
acacacgegc acategttge gttaagecaa
aagtatcagg acatgatcgce agcgttgcca
ggcaaacagt ggtceccggege acgegctetg
agaggtccac cgttacagtt ggacacaggc
gtgacegcag tggaggcagt gcatgcatgg
ttgaccecgyg agecaggtggt ggocategec

acggtccage ggcetgttgec ggtgetgtge

acggtccagce
gtggccatcyg
ceggtgetgt
ggcggtggea
cacggettga
ctggagacgg
caggtagtagg
ctgttgccgg
agcaataatg
caggcccacyg
caggegetgg
coccageagy
cagoggetgt
atcgcocagea
ctgtygccagyg
ggcaggeegy
gogttgacca
gecagtgaaaa
gaggagaaga

ctgatcgaga

ttottcatga
ggcgccatct
tacteceggeg
gagaaccaga
agcegtgaceg
cagctgacca
ctectgateg

aagttcaaca

atcgattacae
ggctacagee
caccacgagy
cacccggeag
gaggcgacac
gaggecttge
caacttctca
cgcaatgcac
agccacgatyg

caggeccacy

ggctgttgece
ccagcaatgg
gccaggecca
agcaggeget
ccccoccagea
tccagegget
ccatagecag
tgctgtgcca
gtggcaagca
gettgacece
agacggtcca
tggtggecat
tgeaggtget
ataatggtgg
cccacggett
cgctggagay
acgaccacct
agggattggyg
aatccgagtt

tegoceggaa

ggtgctgtge
cggtggcaag
cggcettgace
ggagacggtc
ggtggtggee
gttgceggtg
caataatggt
ggcccacgge
ggcgetggag
ccageaggtyg
goggetgttg
cgocageaat
gtgccaggac
caagcaggcyg
gaccccteag
cattgttgee
cgtageetty
ggatcetate
gaggcacaag

cagcacccag

aggtgtacgg ctacaggggce

acacegtggg ctcccceatc

gctacaacct
ccaggaacaa
agttecaagtt
ggctgaacca
gcggegagat

acggaegagat

catacgatgt

agcagcaaca

gcecatogge
gcacatcaac
cetgttegtg
catcaccaac
gatcaaggce

caacttegeg

tocagattac

ggagaagatc

cactggtegyg cecacgggttt

cgttagggac
acgaagcgat
tcacggtgge
agattgcaaa
tgacgggtgc
gcggcaagca

gettgaccec

cgtegetgte
cgttggegte
gggagagttyg
acgtggcegge
cccgcectcaac
ggcgetggay

ggagcaggtg

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280

2340

2400
2460
2520
2580
2640
2700
2760
2820

2832

60

120

240
300
360
420
480

540
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gtggccatcg
ceggtgetgt
gatggcggea
cacggcttga
ctggagacgy
caggtggtygg
ctgttgecgy

agccacgatg

caggcceacy
caggegetgg
cceccagcagg
cagcggetgt
atcgccagca
ctgtgccagg
ggcaageagyg
ttgaccecece
acggtccage
gtggcecateg
ceggtgetgt
gatggeggea
cacggettga
ctggagacgg
caggtggtgy
ctgttgecgy
agcaatggcg
ceggegttag
cctgegetgg
aagtccgage
gagtacatcg
aaggtgatgg
aggaagcecyg
gacaccaagg
aggtacgtgy
gtgtacccct
aactacaagy
tecgtggagg
gaggtgagga
<210> 74

<211> 2832
<212> DNA

ccagccacga
gccaggecca
agcaggegcek
ccccggagcoea
tgcaggeget
cecatecgecag
tgetgtgeca

geggcaagea

gettgaccee
agacggtcca
tggtggccat
tgecggtget
atattggtgg
cccacggett
cgetggagac
agcaggtggt
ggctgttgee
ccagecaatgg
gccaggecca
agcaggaget
cecoccoagoa
tccagcggcet
ccatagocag
tgetgtgeca
gcggeaggec
cogegttgac
atgcagtgaa
tggaggagaa
agctgatcga
agttetteat
acggegeceat
cctactcogg
aggagaacca
ccagegtgac
cccagetgac
agctcctgat

ggaagttcaa

tggcggeaag
cggettgace
ggagacggtc
ggtggtggee
gttgeeggty
ccacgatgge
gygcccacgygc

ggcgetggag

ggagcaggtg
geggotgttg
cgccagcaat
gtgccaggeo
caagcaggcyg
gaccccccag
ggtccagegg
ggccategeco
ggtgctgtge
cggtggcaag
cggettgace
ggagacggtc
ggtggtggec
gttgccggtyg
ccacgatgge
ggcacacgygc
ggcgctggag
caacgaccac
aaagggattyg
gaaatcoaegag
gatcgceccgg
gaaggtgtac
ctacaccgtyg
cggctacaac
gaccaggaac
cgagttcaag
caggctgaac
cggcggcgag

caacggcgag

<213> Artificial Sequence

<220>

<223> TALE-nuclease sequence

<400> 74

caggegcetgg
ccggageagy
cagcggetgt
atcgccagca
ctgtgecagyg
ggcaagcagg
ttgaccecgyg

acggtccage

gtggeccateg
coggtgetgt
aatggtggca
cacggettga
ctggagacgg
caggtggtgg
ctgttgcegg
agcaataatg
caggcccacy
caggcgctgy
ccggageagyg
cageggcetgt
ategccagea
ctgtgccagg
ggcaagcagy
ttgaccecte
agcattgttg
ctegtegeet
ggggatccta
ttgaggcaca
aacagcaccc
ggctacaggg
ggctcocccoca
ctgeccatcg
aagcacatca
ttectgtteg
cacatcacca
atgatcaagyg

atcaactteg

agacggtcca
tggtggecat
tgceggtget
atattggtgg
cccacggett
cgetggagac
agcaggtggt

ggetgttgec

ccagccacga
gocaggceeca
agecaggaeget
ceeccggagea
tgcaggeget
ccatcgeccag
tgetgtgeca
gtggcaagca
gettgaceee
agacggtecca
tggtggeecat
tgecggtget
ataatggtgg
cccacggcett
cgetggagac
agcaggtggt
ccecagttatc
tggcetgact
tcagecegtte
agetgaagta
aggaccgtat
gcaageacct
tcgactacgyg
gccaggccga
accccaacga
tgtcecggeca
actgcaacgg
ccggaacect

cggecgactyg

gcggctgtig
cgccagocac
gtgccaggece
caagcaggcg
gacceeggag
ggtcocagegy
ggccatcgee

ggtgetgtge

tggeggcaag
cggettgace
ggagacggtc
ggtggtggee
gttgceggtyg
caataatggt
ggcccacgge
ggcgctggag
coagecaggty
geggetgttyg
cgecagccac
gtgccaggec
caageaggcg
gaccccggag
ggteccagagy
ggacateogee
tegecctgat
cggegggegt
ccagcetggty
cgtgceoccac
cctggagatg
gggeggetec
cgtgatcgtyg
cgaaatgcag
gtggtggaag
cttcaagggce
cgecgtgotyg
gaccctggag

ataa

atgggcgatc ctaaaaagaa acgtaaggtc atcgataagg agaccgccgce tgccaagttco

gagagacagc acatggacag catcgatatc gcecgatctac geacgetegg ctacagecag

660
720

780

1020

1080

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760

2814

60

120
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cagcaacagg
ctggteggee
ttagggaceg
gaagcgateg
acggtggegy
attgcaaaac
acgggtgece
ggcaageagy
ttgaccccee
acggtccage
gtggcecateg
coggtgetgt
attggtggea
cacggettga
ctggagacgg
caggtggtgg
ctgttgecgg
agcaatggeg
caggccoacy
caggcgctgy
caccageagyg
cageggetgt
atcgccagcc
ctgtgecagy
ggcaagcagg
ttgacccece

acggtccage

gtggccatceg
ccggtgetgt
ggcggtggea
cacggcttga
ctggagacgg
caggtggtgg
cagttatctc
goctgecteg
agcagttcce
ctgaagtacg
gaccgtatce
aagcacctgg
gactacggcg
caggecgacy
cccaacgagt
tceggecact
tgcaacggeg
ggcacactga

gocgactgat

agaagatcaa
acgggtttac
tegetgtoaa
ttggcgtegg
gagagttgag
gtggeggegt
cgctecaactt
cgetggagac
agcaggtggt
ggetgttgee
ccagcaataa
gccaggccca
agcaggeget
ceccaoagea
tccagegget
ccatogcocag
tgctgtgaca
gtggcaagca
gettgacaca
agacggteca
tggtggecat
tgccggtgot
acgatggcgg
cecacggett
cgctggagac
agcaggtggt

ggetgttgee

ccagceoacga
gccaggecca
agcaggegcet
ccecoccagea
tcocagcggot
ccategecag
gcectgatcee
gegggagtea
agctggtgaa
tgceccacga
tggagatgaa
geggctecag
tgatcgtgga
aaatgcagag
ggtggaaggt
tcaagggcaa
cegtgetgte
coctggagga

aa

accgaaggtt
acacgcgcac
gtatcaggac
caaacagtgg
aggtccaceg
gaccgcagtg
gaccccccag
ggteccagegg
ggecatcgec
ggtgectgtge
tggtggcaag
cggcttgacc
ggagacggtg
ggtggtggec
gttgceggty
caatattggt
ggcacacgge
ggcgctggag
ggagcaggtg
geggetattyg
cgecagcaat
gtgccaggea
caagcaggcg
gacccaccag
ggtccagcgg
ggccatcgec

ggtgetgtge

tggcggeaag
cggcttgacc
ggagacggtc
ggtggtggec
gttgceggtyg
caatggegge
ggcgttggac
tgagetggat
gtccgagetg
gtacatcgag
ggtgatggag
gaagcccgac
caccaaggacc
gtacgtggag
gtacccctec
ctacaaggcc
cgtggaggag

ggtgaggagy

cgttegacag
atcgttgegt
atgategeag
tceggegeac
ttacagttgg
gaggcagtge
caggtggtgy
ctgttgeegy
agcaataatg
caggcccacy
caggegcetgg
ccggageagyg
caggcegetgt
atcgecagea
ctgtgecagg
ggcaageagg
ttgacccace
acggtccage
gtyggecateg
ceggtgcetgt
ggcggtggea
cacggcttga
ctggagacgg
caggtggtgy
ctgttgecegg
agcaataatg

caggcccacy

caggcgctgyg
cocccageagg
cagceggcetgt
atcgeccagca
ctgtgccagg
ggcaggccgg
gcgttgacca
gcagtgaaaa
gaggagaaga
ctgatcgaga
ttcttecatga
ggoegecatcot
tactccggeg
gagaaccaga
agcgtgaceg
cagctgacca
ctoctgateg

aagttcaaca

tggagecagea
taagccaaca
cgttgacaga
gégetetgga
acacaggcca
atgcatggeg
ccategecag
tgetgtgeca
gtggcaagca
gcttgaccce
agacggtcoca
tggtggccat
tgecggtget
ataatggtgg
cocacggett
cgetggagac
agcaggtggt
ggetgttgec
ccagacacga
gocaggecca
agcaggeget
cceceoggagea
tccagegget
ccategecag
tgctgtgeca
gtggcaagca

gettgaccca

agacggtcca
tggtggccat
tgeeggtget
atggeggtygyg
cccacggett
cgetggagag
acgaccacct
agggattggg
aatccgagtt
tcgececcggaa
aggtgtacgg
acaccgtggg
gctacaacct
ccaggaacaa
agttcaagtt
ggctgaacca
geggegagat

acggaegagat

ccacgaggca
coeggeageg
ggcgacacac
ggccttgete
acttcetcaag
caatgcactg
caataatggt
ggcccacgge
ggogcetggag
ccagcaggty
goeggetgttyg
cgccagcaat
gtgccaggce
caagcaggcy
gacocceggag
ggtgceaggeg
ggaecatagee
ggtgetgtgc
tggeggoaayg
aggcttgace
ggagacggtc
ggtggtggce
gttgceggtg
caatggeggt
ggcccacgge
ggcgctggag

ggagcaggty

gcggetgttyg
cgccagecaat
gtgccaggee
caagcaggcyg
gacccctcoag
cattgttgee
cgtegecttg
ggatcctate
gaggcacaag
cagcacccag
ctacagggge
ctceaccate
gcccateggoe
gcacatcaac
cctgttegtg
catcaccaac
gatcaaggec

caacttegeg

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1320

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2832
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<210>75

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 75
atcactggca tctggactcec a 21

<210> 76

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 76
agagccccta ccagaaccag ac 22

<210> 77

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 77
ggacctagta acataattgt gc 22

<210>78

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 78
cctcatgtct agcacagttt 20

<210>79

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 79
accagctcag ctccacgtgg t 21

<210> 80

<211> 58

<212> DNA

<213> Homo sapiens

<400> 80
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tetegcetecg tggecttage tgtgetegeg ctactctcte tttetggect ggaggcta 58

<210> 81
<211> 2814
<212> DNA

<213> Artificial Sequence

<220>

<223> Beta2M T01- TALEN - LEFT

<400> 81

atgggcgatc ctaaaaagaa acgtaaggtc

getatcgata tcgeagatet acgeacgete

aaaccgaagg

acacacgege

aagtatcagg
ggcaaacagt
agaggtocac
gtgaccgeag
ttgacceceee
acggtccage
gtggccateqg
ceggtgetgt
gatggoggea
cacggettga
ctggagacgg
caggtggtgg
ctgttgecgg
agcaatggcg
caggcocacyg
caggegetgg
ccccageagg
cagcggcetgt
atcgccagee
ctgtgocagy
gygcaagcagy
ttgacccoce
acggtccagc
gtggccatcg
ccggtgetgt
aatggtggea
cacggettga
ctggagacgg
caggtggtgg
ctgttgeocgg
ageaatggeg

ceggegttgg

ttegttcegac agtggcgeag

acatagttge gttaagocaa

atcgattacc catacgatgt tccagattac
ggctacagee agcagceaaca ggagaagatc
caccacgagy cactggtegg ccacgggttt

cacceggeag cgttagggac ecgtegetgte

acatgatcgc agcgttgcca gaggcgacac acgaagcgat cgttggegtce

ggtccggege
cgttacagtt
tggaggcagt
agcaggtggt
ggctgttgec
ccagcaataa
gecaggececa
agcaggoget
ccceggagea
tccageggct
ccatcgccag
tgctgtgcca
gtggcaagca
gettgacece
agacggtgea
tggtggcecat
tgcecggtget
acgatggogy
cocacggoett
cgetggagac
agcaggtagt
ggctgttgec
ccagcaatgg
gccaggecca
agcaggcgcet
ccoceggagea
tccagagget
ccatcgecag
tgctgtgeca
geggeaggee

cagegttgac

acgcgctcectg
ggacacaggca
gcatgcatgg
ggccategeo
ggtgctgtge
tggtggcaag
cggettgace
ggagacggtc
ggtggtggec
gttgceggtg
caatggeggt
ggcccacgge
ggcgctggag
ggagcaggty
ggegetgttg
cgccageaat
gtgccaggcc
caagcaggeg
gaccccccag
ggtecagegy
ggccatcgee
ggtgctgtge
cggtggcaag
cggcttgacc
ggagacggtc
ggtggtggee
gttgeeggty
caatggcggt
ggeccacgge
ggegotggag

caacgaccecac

gaggccttge
caacttctca
cgecaatgeac
agcaataatg
caggeccacy
caggcegotyg
ccggageagyg
cagaggctgt
atcgecagec
ctgtgecagg
ggcaagcagg
ttgacccece
acggtccage
gtggcecateg
ceggtgetgt
aatggtggca
cacggcttga
ctggagacyg
caggtggtygg
ctgttgccgg
agcaataatg
caggcccacg
caggegetgg
ccccagcagg
cageggetgt
ategeocagee
ctgtgecagyg
ggcaagcagyg
ttgacceocte
agcattgttg

ctegtageet

tcacggtggce gggagagttg
agattgcaaa acgtggogge
tgacgggtge ccogetcaac
gtggecaagea ggcgetggayg
gettgaccoe ccagecaggtg
agacggtccoa geggetgttg
tggtggecat cgecagecac
tgeaeggtget gtgecaggoe
acgatggcgg caagcaggeg
cccacggctt gacccoccag
cgctggagac ggtccagaegy
agcaggtggt ggccatcgcc
ggctgttgee ggtgetgtge
ccagcaatat tggtggcaag
gacaggecca cggettgace
agcaggcget ggagacggte
ccccggageca ggtggtggee
tecagegget. gttgacggtg
ccategecag caatggceggt
tgetgtgeca ggcccacgge
gtagcaagca ggcgotggag
gcttgaccee ccagcaggtg
agacggtcca gceggetgttg
tggtggcecat cgccagcaat
tgeeggtget gtgcoccaggee
acgatggegg caageaggog
cecacggett gacccoccag
cgetggagac ggtccagegg
agcaggtggt ggecatcgee
cecagttate tegecctgat

tggeetgect cggegagagt

catgegetgg atgcagtgaa aaagggattg ggggatccta tcagccgttc ccagetggtg

aagtccgage tggaggagaa gaaatccgag ttgaggcaca agectgaagta cgtgecccac

gagtacatcg agctgatcga gatcgcccgg aacagcaccc aggaccgtat cctggagatg

60

120

180

240

420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100

2160

2220

2280

2340
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aaggtgatgg agttottcat gaaggtgtac ggctacaggg
aggaagccceg acggegcecat ctacacoegtg ggotecccca
gacaccaagg cctactccgg cggctacaac ctgcccatcg
aggtacgtgy aggagaacca gaccaggaac aagcacatca
gtgtacececct ccagcgtgac cgagttcaag ttcetgtteg
aactacaagyg cccagectgac caggctgaac cacatcacca
tacgtggagg agetcotgat cggeggegag atgatcaagg

gaggtgagga ggaagttcaa caacggcgag atcaacttceg

<210> 82

<211> 2832

<212> DNA

<213> Artificial Sequence

<220>
<223> Beta2M T01 TALEN -RIGHT

<400> 82

atgggcgatce ctaaaaagaa acgtaaggtc atcgataagg
gagagacagc acatggacag catcgatatc geecgatctac
cagcaacagg agaagatcaa accgaaggtt cgttcegacag
ctggtcggee acgggtttac acacgcgcac atcgttgegt
ttagggaccg tcgetgtcaa gtatcaggac atgatcgcag
gaagcgateg ttggegtcgg caaacagtgg tocoggegoac
acggtggcgy gagagttgag aggtccaccg ttacagttgg
attgcaaaac gtggeggegt gaccgcagtg gaggcagtge
acgggtgcce cgctcaactt gaccceggag caggtggtog
ggcaagcagg cgctggagac ggtgcaggeg ctgttgcegg
ttgacccecee agcaggtggt ggccatcgec agcaataatg
acggtccagce ggctgttgee ggtgetgtge caggcccacg
gtggccatey ccagecacga tggoggcaayg caggegetgg
ccggtgetgt goccaggeccca cggecttgacc ccggageagg

gatggeggca ageaggoeget ggagacggte cageggetgt

geaagcaccet gggeggeteoce
tegactacgg cgtgategtg
gccaggecga cgaaatgcag
accccaacga gtggtggaag
tgtceggeca cttcaaggge
actgecaacgyg cgcecgtgetg
ccggeacoct gaccotggag

cggccgactg ataa

agaccgeege tgecaagtte
goacgetegg ctacagecag
tggcgeagea ccacgaggca
taagccaaca cccggcagcg
cgttgccaga ggcgacacac
gcgetctgga ggccttgete
acacaggeca acttctcaag
atgcatggcg caatgcactg
ccategecag caatattggt
tgetgtgeca ggoccacgge
gtggcaagca ggegetggag
gcttgacccc ggagcaggtg
agacggtceca gegygetgttyg
tggtggcocat cgocagecac

tgacggtget gtgacaggece

cacggettga ccccccagea ggtggtggee ategecagea atggeggtgg caageaggeg

cdtggagacgg tcecagegget gttgocggtg ctgtgeccagg
caggtggtgg ccatcgecag ccacgatgge ggcaagoagg
ctgttgecgg tgctgtgeca ggcccacgge ttgaceccegg
agccacgatg geggcaagca ggcgctggag acggtccagce
caggccecacg gottgacccee ggagcaggtyg gtggecatceg
caggcgoetgg agacggtgea ggegetgttg ceggtgotgt
coccageagg tggtggocat cgecagezat aatggtggea
cagcggctgt tgcecggtget gtgccaggec cacggettga
atcgcecageca ataatggbtgy caagcaggceg ctggagacgg
ctgtgecagg cccacggett gaccocoggag caggtggtgg
ggcaageagg cgoetggagac ggtccagegg ctgttgecogy
ttgaccecgg agcaggtggt ggccatcagece agecacgatg
acggtocage ggetgttgoe ggtgetgtge caggeccacg
gtggccateg ccagcaatat tggtggcaag caggegetgg
ceggtgetgt gecaggcecca cggecttgace ccccagcagg

aatggtggca agcaggcgct ggagacggtc cagcggctgt

cccacggett
agoetggagac
agcaggtggt.
ggetgttgee
ccagceaatat
gocaggocca
agecaggeget
ccceecagea
tecagegget
cecategocag
tgetgtgeca
gcggcaagea
gettgacece
agacggtgea
tggtggccat

tgeccggtget

gacccaggag
ggtccagegg
ggccatcegee
ggtgetgtge
tggtggcaag
cggettgace
ggagacggte
ggtggtggcee
gttgecggtyg
ccacgatgge
ggcoccacgge
ggegetggag
ggageaggtg
ggegetgttg
cgccagcaat

gtgccaggce

2400
2460
2520
2580
2640
2700
2760

2814

60
120
180
240
300
360
420
480

540

660
720
780
840

300

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860

1520
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cacggcttga
ctggagacgg
caggtggtygy
cagttatctc
gcctgecteg
ageegttece
ctgaagtacg
gaccgtatce
aagcacctgg
gactaocggeg
caggccgacyg
cccaacgagt
teccggeecact
tgeaacggeg

ggcaccctga

gcegactgat

<210> 83
<211> 50
<212> DNA

ccccggagea
tgcaggeget
ceategecag
gccctgatec
gcgggegtec
agcetggtgaa
tgecccacga
tggagatgaa
gcggctccag
tgatcegtgga
aaatgcagag
ggtggaaggt
tcaagggcaa
cegtgetgte

ceectggagga

aa

ggtggtggee
gttgceggtyg
caatggegge
ggcgttggec
tgcgectggat
gtecgagetyg
gtacatcgag
ggtgatggag
gaagcccgac
caccaaggec
gtacgtggag
gtacccctce
ctacaaggcce
cgtggaggag

ggtgaggagyg

<213> Artificial Sequence

<220>

atcgccagea atattggtgg caagcaggceg

ctgtgecagg cccacggatt gaccecteoag

ggcaggeegy cgetggagag cattgttgee

gcgttgacca acgaccacct cgtcgecttg

gcagtgaaaa agggattggg ggatcctatc

gaggagaaga aatccgagtt gaggcacaag

ctgatcgaga tegoecggaa cageacccag

ttettecatga aggtgtacgg ctacagggge

ggcgecatct scaccgtggg ctcececcatce

tactecggeg getacaacet geocategge

gagaaccaga ccaggaacaa gecacatcaac

agcgtgaccg agttcaagtt cctgttcgtg

cagctgacca ggctgaacca catcaccaac

ctectgateg geggegagat gatcaaggoe

aagttcaaca acggegagat caacttegeg

<223> B2M T02- TALEN targeting sequence

<400> 83

tccaaagatt caggtttact cacgtcatcc agcagagaat ggaaagtcaa 50

<210> 84
<211> 2814
<212> DNA

<213> Artificial Sequence

<220>

<223> Beta2M T02-TALEN - LEFT

<400> 84
atgggcgatc

gctatcgata
aaaccgaagyg
acacacgcge
aagtatcagg
ggcaaacagt
agaggtccac
gtgaccgeag
ttgaceccegg
acggtccage
gtggccateg
ceggtgetgt
attggtggea
cacggettga
ctggagacgy

caggtggtog

ctaaaaagaa
tcgecgatet
ttegttegac
acatcgttge
acatgatcge
ggtccggege
cgttacagtt
tggaggcagt
agcaggtggt
ggctgttgea
coagccacga
gccaggeaca
agcaggeget
cocecggagea
tgcaggeget

ccatcgcecag

acgtaaggtc atcgattacc

acgcoacgete ggctacagee

agtggcgeag caccacgagg

gttaagccaa cacccggcag

agcegttgcca gaggcgacac

acgegctctg gaggecttge

ggacacaggc caacttctea

geatgecatgyg cgcaatgeac

ggocategee agecacgatg

ggtgctgtge caggeccacyg

tggcggcaag caggcgetgg

cggettgace coggagcagy

ggagacggtg caggegetgt

ggtggtggec atcgecagea

gttgccgotg ctgtgecagy

caatattggt ggcaagcagg

catacgatgt tccagattac
agcagcaaca ggagaagatc
cactggtegyg ccacgggttt
cgttagggac cgtcgctgtce
acgaagcegat cgttggegte
tcacggtggc gggagagttg
agattgcaaa acgtggogge
tgacgggtge cccgetcaac
geggeaagea ggegetggag
gettgaccee ggagcaggtg
agacggtcca geggetgttg
tggtggecat cgecageoaat
tgecggtget gtgocaggeco
atattggtgg caageaggeg
ccecacggett gaccocggag

cgetggagac ggtgcaggcy

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2832

60

120

180

240

300

360

420

480

540

720

780

840

300

960
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ctgttgecgy tgetgtgeca ggoccacgge
agcaataatg gtggcaagca ggcgctggag

caggccocacyg gottgaccoe ggagcaggtg

caggcgcetgg agacggtgca ggegcetgttg
ceccageagy tggtggecat cgocagcaat
cagcggetgt tgececggtget gtgocaggoc
atcgccagca atggeggtgg caagcaggeg
ctgtgeccagyg cccacggett gaccccggag
ggcaageagg cgctggagac ggtccagegg
ttgaccecegg agecaggtggt ggccatcgeo
acggtgcagyg cgctgttgee ggtgetgtge
gtggccatcg ccagcaataa tggtggcaag
ccggtgetgt gocaggecca cggettgace
aatggtggca agcaggeget ggagacggte
cacggcttga cccoccccagea ggtggtggeco
ctggagacgg tccagegget gttgecggtg
caggtggtgy ccatcgeocag caatggeoggt
ctgttgecgg tgetgtgeca ggeccacgge
agcaatggeg goggeaggoc ggcgcotggag
ceggegttgg ccgegttgac caacgaccac
cctgegetgg atgecagtgaa aaagggattg
aagtcecgagd tggaggagaa gaaatcegag
gagtacatcg agctgatega gatcgeccegg
aaggtgatgg agttettcat gaaggtgtac
aggaagcecceyg acggegecat ctacaccegtg
gacaccaagg cctactcegg cggcotacaac
aggtacgtgy aggagaacca gaccaggaac
gtgtacccet ccagogtgac cgagttcaag
aactacaagg cccagetgac caggetgaac
teegtggagyg agetcoctgat cggeggegag
gaggtgagga ggaagttcaa caacggcgag
<210> 85

<211> 2832

<212> DNA
<213> Artificial Sequence

<220>
<223> Beta2M T02-TALEN RIGHT

<400> 85

atgggegate ctaaaaagaa acgtaaggte
gagagacage acatggacag catcgatatc
cagcaacagyg agaagatcaa accgaaggtt
ctggtcggee acgggtttac acacgcgcac
ttagggaccyg tegetgteaa gtatcaggac
gaagcgateg ttggegtegg caaacagtgg
acggtggegyg gagagttgag aggtccaceg

attgcaaaac gtggoeggegt gaccgeagtg

ttgacceocce
acggtccage

gtggccatceg

ceggtgetgt
ggcggtggea
cacggcttga
ctggagacgg
caggtggtgy
ctgttgecgg
agcaatattg
caggcccacy
caggcgctgg
coccageagyg
cagceggetgt
atcgeccagea
ctgtgcecagg
ggcaagcagyg
ttgacccete
agcattgttg
ctegtegeoct
ggggatccta
ttgaggcaca
aacagcacca
ggctacaggg
ggctececea
ctgeccateyg
aagcacatca
ttectgtteg
cacatcacca
atgatcaagg

atcaactteg

atcgataagg
gccgatectac
cgttcgacag
atcgttgegt
atgatcgeag
teceggegeac
ttacagttgg

gaggcagtge

agcaggtggt
ggetgttgeo

ccagcaatat

gccaggccca
agcaggeget
ccecoccecagcea
tccagcgget
ccategecag
tgetgtgeca
gtggcaagca
gottgacecce
agacggtcoca
tggtggecat
tgecggtget
atggeggtgy
cccacggett
cgetggagac
agcaggtggt
cccagttatc
tggcetgect
tecageoegtte
agetgaagta
aggaccgtat
gcaagcacct
tcgactacgyg
gocaggecga
accccaacga
tgteceggeca
actgcaacgg
ceggeaceet

cggcegactg

agacagecgae
geacgetoegy
tggegeagea
taagccaaca
cgttgecaga
gogetetgga
acacaggcca

atgcatggeg

ggacateogae
ggtgctgtge

tggtggcaag

cggcttgace
ggagacggtc
ggtggtggce
gttgecggtg
ccacgatgge
ggcccacgygce
ggcgetggag
ccageaggty
geggetgttyg
cgecageaat
gtgccaggee
caagcaggcg
gaccccccag
ggtecagegy
ggecategee
tegeectgat
cggegggegt
ccagetggtyg
cgtgececac
cotggagatyg
gggegygetee
cgtgategtg
cgaaatgcag
gtggtyggaag
cttecaaggge
cgeegtgetg
gaccetggag

ataa

tgecaagtte
ctacagceag
ccacgaggca
cacggeagceg
ggcgacacac
ggecttgete
acttctcaag

caatgeoacty

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1320

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2814

60

120

180

240

300

360

420

480
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acgggtgece
ggcaagcagg
ttygaccccgy
acggtgcagy
gtggccateg
ceggtgetgt
ggcggtggea
cacggcttga
ctggagacgg
caggtggtgg
ctgttgecgyg
agccacgatg
caggcccacy
caggegetgg
ccggageagyg
caggcgctgt
atcgeccecagea
ctgtgccagyg
ggcaagcagyg
ttgacccegy
acggtccage

gtggccateg

ceggtgetgt
gatggeggea
cacggcttga
ctggagacgg
caggtggtgy
cagttatcte
gocctgecteg
agcegttcece
ctgaagtacg
gaccgtatec
aagcacctgg
gactacggeg
caggccgacy
cccaacgagt
teeggecact
tgcaacggeg
ggcaccctga
gecgactgat

<210> 86
<211> 47

<212> DNA

cgetcaactt
cgetggagac
agcaggtggt
cgetgttgee
cecagccacga
gocaggoaca
agcaggeget
coceeocagoa
tccagegget
ccatcgccag
tgetgtgeca
gcggcaagca
gettgacece
agacggtcca
tggtggccat
tgceggtget
atggeggtgg
cccacggcett
cgctggagac
agcaggtggt
ggetgttgeo

ccagcaatgg

gccaggeocca
agcaggeget
ccccecagea
tccageggcet
ccatagocag
gecctgatee
gegggegtec
agetggtgaa
tgeececeacga
tggagatgaa
gcggctecag
tgategtgga
aaatgcagag
ggtggaaggt
tcaagggcaa
ccgtgetgte
cectggagga

aa

gacaccccag
ggtccagegy
ggecategeo
ggtgetgtge
tggcggeaag
cggettgace
ggagacggtc
ggtggtggec
gttgceggtg
caatggcggt
ggcccacggce
ggegctggag
ggagcaggatg
geggctgttg
cgccagcaat
gtgccaggec
caagcaggcy
gaccccccag
ggtccagcegg
ggccategee
ggtgctgtge

cggtggcaag

cggettgace
ggagacggtce
ggtggtggec
gttgocggtg
caatggegge
ggegttggec
tgcgctggat
gtecgagetyg
gtacatcgag
ggtgatggag
gaagcccgac
caccaaggcc
gtacgtyggag
gtacccctee
ctacaaggee
cgtggaggag

ggtgaggagg

<213> Artificial Sequence

<220>

caggtggtgyg
ctgttgeegg
agcaatattyg
caggcccacy
caggegcetgg
caccageagy
cagcggetgt
ategccagca
ctgtgccagg
ggcaagcagg
ttgacceegyg
acggtccage
gtggecateg
ccggtgetgt
attggtggca
cacggcttga
ctggagacgg
caggtggtgy
ctgttgecgg
agccacgatg
caggcccacyg

caggcegetgg

ceggageagy
cagcggetgt
atcgccagca
ctgtgccagg
ggcaggecgyg
gcgttgacca
gcagtgaaaa
gaggagaaga
ctgatcgaga
ttcttcatga
ggcgccatcet
tactceggeg
gagaaccaga
agcgtgaccg
cagctgacca
ctectgateg

aagttcaaca

<223> B2M TO03- TALEN targeting sequence

ccategecag
tgetgtgeca
gtggcaagea
gcettgaccee
agacggtcca
tggtggacat
tgeeggtget
atggeggtgy
cccacggett
cgetggagac
agcaggtggt
ggctgttgce
ccagecacga
gocaggecca
agcaggcgct
cccoccagea
tccagegget
ccatecgecag
tgctgtgeca
geggeaagea
gettgaccec

agacggteca

tggtggecat
tgeeggtget
atggcggtgyg
cccacggett
cgetggagag
acgaccacct
agggattggg
aatccgagtt
tcgeceeggaa
aggtgtacgyg
acaccgtggg
gctacaaccet
ccaggaacaa
agttcaagtt
ggctgaacca
goggegagat

acggegagat

caataatggt
ggcccacgge
ggegetggag
ggagcaggtyg
gcggetgttg
cgccagoaat
gtgccaggee
caagcaggcyg
gaccccccag
ggtecagegg
ggccatecgee
ggtgctgtge
tggcggeaag
cggcttgace
ggagacggtg
ggtggtggce
gttgeeggty
caatggeggt
ggcccacgge
ggcgetyggag
ccagcaggtyg

goggetgttg

cgecagocac
gtgccaggece
caagcaggcg
gacccctcag
cattgttgee
cgtegeettyg
ggatcotatce
gaggcacaag
cagcacccag
ctacaggggc
ctccaccate
goccategge
gcacatcaac
cctgttegtg
catcaccaac
gatcaaggee

caactteogeg

720

780

840

1020

1080

11490

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1320

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2832
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<400> 86

ttagctgtgc tegegctact ctetctttct ggectggagg ctatcca 47

<210> 87
<211> 2814
<212> DNA

<213> Artificial Sequence

<220>

<223> Beta2M TO03-TALEN - LEFT

<400> 87

atgggcgatc ctaaaaagaa
gctatcgata tcgccgatct

aaaccgaagy ttegttegac

acacacgcge acatcgttge
aagtatcagg acatgatcge
ggcaaacagt ggtceggege
agaggtccac cgttacagtt
gtgaccgcag tggaggeagt
ttgacccegy agcaggtogt
acggtgcagg cgctgttgece
gtggecatog ccagecaataa
ccggtgetgt gccaggecca
gatggoggea agcaggeget
cacggcttga cccecccagea
ctggagacgg tccagegget
caggtggtgg coatogecag
cetgttgecgg tgcectgtgeca
agcaatggcg gtggcaagea
caggcaccacyg gettgaccce
caggegetgg agacggtcca
ccggagecagyg tggtggecat
cagcggetgt tgccggtget
atcgccageca atggeggtgg
ctgtgecagg cccacggett
ggcaagcagy cgctggagac
ttgaccceece agcaggtggt
acggteccage ggetgttgeco
gtggccatcg ccagccacga
caggtgetgt gocaggecca
aatggtggca agcaggcgcot
cacggcttga cccecggagea
ctggagacgg tcodagogget
caggtggtygyg ccatcgecagy

ctgttgeegg tgctgtgeca

agcaatggeg géggcaggaoc
caggaegbtgg cogegttgac

cetgegetag atgeagtgaa

acgtaaggtc atcgattacc catacgatgt tccagattac
acgcacgctc ggctacagee agcagcaaca ggagaagatc

agtggogcag caccacgagg cactggtogg ccacgggttt

gttaagccaa cacccggcag cgttagggac cgtegetgte

agegttgeca
acgegetetg
ggacacaggce
gcatgeatgg
ggccategee
ggtgctgtge
tggtggoaag
cggcttgace
ggagacggtc
ggtggtggee
gttgccggty
caataatggt
ggcccacggc
dgcgetggag
ccagecagygty
geggetgttyg
cgccagocac
gtgccaggcece
caagcaggcg
gaccccggag
ggtccagegy
ggccategee
ggtgetgtge
tggeggoaag
aggettgace
ggagacggtc
ggtggtggee
gttgeeggty
caatggeggt

ggcecacgge

ggegetggag ageattgttyg cccagttate tegecctgat
caacgaccac ctagtegoet tggeoetgect eggoegggegt

aaagggattg ggggatccta tcagecgtte ccagetggtyg

gaggcgacac
gaggccttge
caacttctca
cgcaatgeac
agcaatattyg
caggcccacy
caggagetgy
ccggagceagyg
cageggetgt
atcgccagea
ctgtgecagyg
ggcaageagyg
ttgaccccce
acggtccage
gtggcceateg
ceggtgetgt
gatggcggca
cacggcttga
ctggagacgg
caggtggtgg
ctgttgecgg
agcaataatg
caggcccacy
caggegetgg
ccccageagy
cageggcetgt
ategecagee
ctgtgecagy
ggcaagcagy

ttgaccecte

acgaagaegat
tecacggtgge
agattgcaaa
tgacgggtge
gtggcaagca
gcttgaceca
agacggtaca
tggtggccat
tgeceggtget
atggeggtyy
cccacggett
cgotggagac
agcaggtggt
ggetgttgee
ccagcaataa
gccaggccca
agcaggegcet
ccccccagcea
tccagcegget
ccategecag
tgetgtgeca
gtggcaagca
gettgacecee
agacggtcca
toggtggoecat
tgeeggtget
acgatggcgg
cccacggett
cgetggagac

ageaggtggt

cgttggegte
gggagagtty
acgtggegge
cdoegetoaac
ggcgetggag
ccagcaggty
goggetgtty
cgccagecac
gtgccaggee
caagcaggcy
gaccgeccag
ggtccagegy
ggccatcgeo
ggtgctgtga
tggtggeaag
cggettgacce
ggagacggte
ggtggtggee
gttgccggtg
ccacgatgge
ggcecacgge
ggcgetggag
ggagcaggty
geggetgttg
cgocagcaat
gtgccaggoece
caagcaggcyg
gaccccccag
ggtccagegy

ggccategea

60

120

180

240

300

360

420

480

540

600

660

720

780

840

200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220
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aagtcogage tggaggagaa gaaatccgag
gagtacateg agetgataega gatcgeecgg
aaggtgatgg agttcttecat gaaggtgtac
aggaagcccg acggcgccat ctacaccgtg
gacaccaagg cctactcegg cggctacaac
aggtacgtgg aggagaacca gaccaggaac
gtgtacceet ccagegtgac cgagttcaag
aactacaagg cccagctgac caggctgaac
tccgtggagy agetcoctgat cggeggcgag
gaggtgagga ggaagttcaa caacggcgag
<210> 88

<211> 2832

<212> DNA
<213> Artificial Sequence

<220>
<223> Beta2M T03-TALEN -RIGHT

<400> 88

atgggcgate ctaaaaagaa acgtaaggtc
gagagacagc acatggacag catcgatatc
cagcaacagg agaagatcaa accgaaggtt
ctggteggec acgggtttac acacgegeac
ttagggaccg tcgcectgtcaa gtatcaggac
gaagegateg ttggegtegg caaacagtgg
acggtggegg gagagttgag aggtccaceg
attgcaaaac gtggeggegt gaccgcagtg
acgggtgece cgetcaactt gaccccccag
ggcaagcagg cgctggagac ggtcocagogy
ttgaccccce agcaggtggt ggocatcgoc
acggtcocage ggetgttgee ggtgetgtge
gtggccateg ccagcaatat tggtggoaag

ceggtgetgt gocaggeocca cggottgace

ggeggtggca ageaggeget ggagacggte
cacggettga ccoeggagoa ggtggtggoe
ctggagacgg tgcaggaget gttgeeggtg
caggtggtygg ccatcgecag caataatggt
ctgttgeegg tgectgtgeca ggeccacgge
agccacgatg gocggcaagca ggegctggag
caggeccacy goettgaccce ggageaggtg
caggegetgyg agacggtaca geggetgttg
ccccageagg tggtggecat cgccageaat
cageggetgt tgeeggtget gtgocaggece
atcgceagee acgatggegy caageaggcyg
ctgtgecagyg cccacggett gacccoggag
ggraagecagg cgctggagac ggtcocagegg
ttgacceccgg agcaggtggt ggccatcogece

acggtgcagg cgotgttgee ggtgetgtge

ttgaggcaca
aacagcacca
ggctacaggy
ggcteccceca
ctgeccateg
aagcacatca
ttectgtteg
cacatcacca
atgatcaagg

atcaactteg

atcgataagg
gcogatctac
cgttcgacag
atcgttgegt
atgatcgcag
teoeggegeac
ttacagttgg
gaggcagtgc
caggtgatgy
ctgttgeegg
agcaataatg
caggcccacg
caggcgetgg

ccccageagyg

cageggetgt
atcgeoagca
ctgtgecagg
ggcaagceagyg
ttgaccecgg
acggtccage
gtggccateg
ceggtgetgt
ggcggtggea
cacggcettga
ctggagacgg
caggtggtgg
ctgttgeegg
agcaatattg

caggcacacyg

agctgaagta
aggacagtat
gcaagcacct
tcgactacgg
gocaggeoga
accccaacga
tgtceggeca
actgcaacgg

ccggeacceet

cgtgceoccac
cctggagatyg
gggeggetce
cgtgatcgtg
cgaaatgcag
gtggtggaag
cttcaaggge
cgcegtgetyg

gaccctggag

cggecgactyg ataa

agaccgeega

tgecaagtte

gcacgcectegyg ctacagocag

tggcgeoagca
taagccaaca
cgttgccaga
gagcteotgga

acacaggeca

ccacgaggea
cacggcagey
ggcgacacac
ggocttgote

acttctcaag

atgecatggeg caatgcactg

ccategecag caataatggt

tgetgtgeca ggoccacgge

gtggcaagea ggegetggag

gettgaccee ggagcaggtyg

agacggtgca ggcgetgttg

tggtggecat

tgceggtget
atattggtay
cccacggett
cgoctggagac
agcaggtggt
ggctgttgec
ccagccacga
gocaggecca
agcaggegct
cccaggagca
tccagecgget
ccatecgecag
tgetgtgeca
gtggecaagca

gettgacece

cgccagcaat

gtgacaggee
caagcaggceyg
gaccccccayg
ggtccagegyg
ggccategeo
ggtgetgtge
tggeggeaag
aggottgace
ggagacggte
ggtggtggac
gttgceggtg
ccacgatgge
ggoccacgge
ggcgetggag

ccagcaggty

2280
2340
2400
2460
2520
2580
2640
2700
2760

2814

€0
120
180
240
300
360
420
480
540
600
660
720
780

840

200

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

1740
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gtggccatcg
ceggtgetgt
aatggtggca
cacggcttga
ctggagacgg
caggtggtgy
cagttatcte
gectgectog
ageegttece
ctgaagtacy
gacegtatee
aagcacctgg
gactacggeg
caggccgacyg
cccaacgagt

tecggecact

tgcaacggceyg

ggcaccctga

geecgactgat

<210> 89

<211> 526
<212> PRT
<213> Artificial Sequence

<220>
<223> Chimeric B2M-UL18

<400> 89

Met Ala Leu

1

Leu

Val

Cys

65

Lys

Ser

Thr

Gln

Gly

145

Thr

Ala

Ser

Tyr

50

Tyr

Asn

Lys

Glu

Pro

130

Gly

Met

Ala

Leu

35

Ser

Val

Gly

Asp

Lys

115

Lys

Gly

Tro

aa

Pro

Arg

20

Ser

Arg

Ser

Glu

Trp

100

Asp

Ile

Gly

Cvs

val

Pro

Gly

His

Gly

Arg

85

Ser

Glu

Val

Ser

Leu

ccagcaataa tggtggcaag
gececaggecca cggettgace
agcaggcgct ggagacggtc
ccccggagca ggtggtggec
tocagegget gttgecggtyg
ccategecag caatggogge
geectgatee ggegttggee
gegggegtee tgegetggat
agctggtgaa gtecgagetyg
tgceccacga gtacatogag
tggagatgaa ggtgatggag
gcggetecag gaagcccgac
tgatcgtgga caccaaggcec
aaatgcagag gtacgtggag
ggtggaaggt gtacccctee

tcaagggcaa ctacaaggcoce

Thr Ala Leu

Ser Arg Ser

Leu Glu ala
40

Pro Ala Glu
55

Phe His Pro
70

Ile Glu Lys

Phe Tyr Leu

Tyr Ala Cys
120

Lys Trp Asp
135

Gly Gly Gly
150

Thr Leu Phe

caggcgctgg
ceccageagg
cagcggetgt
atcgeccagac
ctgtgecagy
ggcaggeegy
gegttgacca
gecagtgaaaa
gaggagaaga
ctgataogaga
ttctteatga
ggcgccatcet
tactoceggeg
gagaaccaga
agegtgacceg

cagctgacca

Leu Leu Pro
10

Val Ala Leu
25

Ile Gln Arg

Asn Gly Lys

Ser Asp Tle
75

Val Glu His
90

Leu Tyr Tyr
105

Arg Val Asn

Arg Asp Met

Gly Ser Gly

155

Val Leu Tro

agacggtcca
tggtggecat
tgeeggtget
acgatggcgg
cccacggett
cgetggagay
acgaccacct
agggattggg
aatccgagtt
togeocaggaa
aggtgtacgg
acaccgtggg
gctacaacct
ccaggaacaa
agttcaagtt

ggctgaacca

gcggetgttg
cgocageaat
gtgcecaggec
caagcaggcg
gaccaoctcag
cattgttgec
cgtogecottg
ggatcctate
gaggcacaag
cagoaccoag
ctacaggggce
ctcoeccccate
gcccategge
gcacatcaac
cctgttegtyg

catcaccaac

cegtgetgte cgtggaggag ctectgateg geggegagat gatcaaggeco

ceetggagga ggtgaggagg aagttcaaca acggegagat caacttegeg

Leu Ala Leu Leu Leu

15

Ala Val Leu Ala Leu
30

Thr Pro Lys Ile Gln

45

Ser Asn Phe Leu Asn

60

Glu Val Asp Leu Leu

80

Ser Asp Leu Ser Phe

95

Thr Glu Phe Thr Pro
110

His Val Thr Leu Ser

125

Gly Gly Gly Gly Ser

140

Gly Gly Gly Ser Met

160

Met Leu Arag Val Val

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640

2700

2760

2820

2832
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Gly

Ser

Phe

Gly

225

Leu

Gln

Val

Val

Leu

305

Trp

Ser

Thr

Pro

Ala

385

Phe

Asn

val

Ser

465

Thr

Leu

Asn

Met

His

Thr

210

Thr

Asp

Asn

Leu

Ala

290

Lys

Leu

Glu

Gln

val

370

Phe

Ile

Pro

Ala

Trp

450

Ser

Met

Phe

Leu

His

Met

195

Tyr

Ile

Gly

Leu

Thr

275

Gly

Asp

Lys

Gly

Trp

355

val

Cys

His

Leu

Ile

Thr

Gly

Thr

Ala

Ala
515

<210> 90

Val
180

Thr

His

Ser

Glu

Leu

260

Trp

Tyr

Asn

Gln

Asp

340

Ser

Lys

Thr

Tyr

Leu

420

Phe

val

Glu

Ile

Phe

500

Phe

165

Leu

Leu

val

Trp

Arg

245

Glu

Thr

Glu

Leu

Asn

325

Thr

val

Gly

Ser

Gly

405

Pro

Cys

Glu

Val

Ser

485

Leu

Ala

170

e,

Arg Tyr Gly Tyr Thr Gly Ile Phe Asp Asp Thr
190

Thr val

Asn Ser
215

Met Ala
230

Ala Lys

Leu Glu

His Glu

Gly Phe
255

Thr Leu
310

Lys Thr

Thr Ile

Ile Tyr

Gly Vval

375

Tyr Gly
3590

Asn Lys

Thr Phe

Asn Gln

Ile Pro
455

Pro Asp

470

Ser Val

His Tyr

Trp Arg

Val

200

Ser

Asn

Gly

Ile

Cys

280

Gly

Trp

Tyr

Gln

Ser

360

Arg

Phe

Ala

Asp

Asn

440

Ile

His

Leu

Phe

Tyr
520

185

Gly

Asp

Val

Asp

Ala

265

Asn

Trp

Thr

Ile

Arg

345

Gly

Asn

Phe

Pro

Gly

425

Tyr

Ser

Pro

Leu

Thr

505

Arg

Ile

Lys

Ser

Leu

250

Leu

Thr

Asp

Gly

Asp

330

Asn

Phe

Gln

Pro

Asp

410

Thr

Thr

val

Thr

Ala

490

Thr

Lys

Phe Asp

Ala Ser
220

Ala Ala
235

Ile Phe

Gly Tyr

Thr Glu

Gly Glu

300

Pro Asn
315

Gly Lys

Tyr Leu

Gln Thr

Asn Asp

380

Gly Glu

395

Asp Ser

Phe His

Cys Arg

Thr Ser

Gly

205

Ser

Tyr

Asn

Arg

Asn

285

Thr

Tyr

Ile

Lys

Pro

365

Asn

Ile

Glu

Gln

Val

Gln

Arg

Pro

Gln

Ser

270

Gly

Leu

Glu

Lys

Gly

350

val

Arg

Asn

Pro

Gly

430

Thr

445

460

Ala Asn

475

Leu Leu

Leu Lys

Val Arg

Pro

Lys

Leu

Gln

Ser

Asp

His

Ala

Thr

Thr

255

Gln

Ser

Met

Ile

Asn

335

Asn

Thr

Ala

Ile

Gln

415

Cys

His

Phe

Asn

Tyr

240

Glu

Ser

Phe

Glu

Ser

320

Ile

Cys

His

Glu

Thr

400

Cys

Tyr

Gly

Asp Ser

Arg Tyr Asn

Cys

Tyr

480

Ala Leu

495

510

525

Ser

Leu Arg
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<211> 31

0

<212> PRT
<213> Artificial Sequence

<220>

<223> SP-MICAed

<400> 90

Met Gly
1

Ala Leu

Tyr Asn

Leu Thr
50

Gln Lys
65

Gly Asn

Lys Asp

Leu His

Ser Thr
130

Ser Gln
145

Ala Gln

Met Lys

Glu Leu

Pro Pro
210

Thr val
225

Ser Trp

Gly Asp

Thr Arg

His Ser
290

Val Leu
305

<210> 91

Gly

Leu

Leu

35

Glu

Cys

Lys

Leu

Ser
115

Arg

Asn

Thr

Thr

Arg

195

Met

Thr

Arg

Val

Ile

275

Gly

Val

Phe

20

Thr

val

Arg

Thr

Arg

100

Leu

Ser

Leu

Leu

Lys

180

Arg

Val

Cys

Gln

Leu

260

Cys

Asn

Ser

Leu

Pro

Val

His

Ala

Trp

85

Met

Gln

Ser

Glu

Ala

165

Thr

Tyr

Asn

Asp

245

Pro

Gln

His

His

Leu

Ser

Leu

Leu

Lys

70

Asp

Thr

Glu

Gln

Thr

150

Met

His

Leu

Val

Ala

230

Gly

Asp

Gly

Ser

Trp
310

Thr

Met

Ser

Asp

55

Pro

Arg

Leu

Ile

His

135

Lys

Asn

Tyr

Lys

Thr

215

Ser

val

Gly

Glu

Thr
295

Gln

Ala

Trp

40

Gly

Gln

Glu

Ala

Arg
120

Phe

Glu

val

His

Ser

200

Arg

Gly

Ser

Asn

Glu

280

His

Ser

25

Asp

Gln

Gly

Thr

His

105

val

Tyr

Trp

Arg

Ala

185

Gly

Ser

Phe

Leu

Gly

265

Gln

Pro

Thr

10

Met

Gly

Pro

Gln

Arg

920

Ile

Cys

Tyr

Thr

Asn

170

Met

Val

Glu

Tyr

Ser

250

Thr

Arg

Val

Leu

Glu

Ser

Phe

Trp

75

Asp

Lys

Glu

Asp

Met

155

Phe

His

Val

Ala

Pro

235

His

Tyr

Phe

Pro

Leu

Pro

val

Leu

€0

Ala

Leu

Asp

Ile

Gly

140

Pro

Leu

Ala

Leu

Ser

220

Trp

Asp

Gln

Thr

Ser
300

Ser

His

Gln

45

Arg

Glu

Thr

Gln

His

125

Glu

Gln

Lys

Asp

Arg

205

Glu

Asn

Thr

Thr

Cys

285

Gly

Leu

Ser

30

Ser

Cys

Asp

Gly

Lys

110

Glu

Leu

Ser

Glu

Cys

190

Arg

Gly

Ile

Gln

Trp

270

Tyr

Lys

val

15

Leu

Gly

Asp

val

Asn

95

Glu

Asp

Phe

Ser

Asp

175

Leu

Thr

Asn

Thr

Gln

255

Vval

Met

Val

Leu

Arg

Phe

Arg

Leu

80

Gly

Gly

Asn

Leu

Arg

160

Ala

Gln

val

Ile

Leu

240

Trp

Ala

Glu

Leu
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<211> 313
<212>PRT

<213> Artificial Sequence

<220>
<223> SP-MICBed

<400> 91
Met Gly Gly

1

Ala

Phe

65

Leu

Gly

Gly

Ser

Leu

145

Ala

Gln

Val

Ile

225

Leu

Trp

Ala

Leu
305

Leu

Tyr

Leu

50

Glo

Gly

Gln

Leu

Ser

130

Ser

Ala

Met

Lys

Pro

210

Thr

Thr

Gly

Thr

His
290

Val

Leu

Asn

35

Ala

Lys

Ala

Asp

His

115

Thr

Gln

Gln

Lys

Leu

195

Pro

val

Trp

Bsp

Arg
275

Ser

Leu

<210> 92
<211> 209

val

Phe

20

Leu

Glu

Arg

Lys

Leu

100

Ser

Arg

Asn

Thr

Thr

180

Gln

Met

Thr

Arg

val
260

Ile

Gly

Leu Leu Thr Gln Arg Thr Leu Leu Ser Leu Val Leu

5

Pro

Met

Gly

Arg

Thr

85

Arg

Leu

Gly

Leu

Leu

165

Lys

Arg

val

Cys

Gln

245

Leu

Arg Gln Gly Glu Glu Gln Arg Phe Thr Cys Tyr Met
280

Asn His Gly Thr His Pro Val Pro Ser Gly Lys Val
295

Ser

Val

His

Ala
70

Trp

Arg

Gln

Ser

Glu

150

Ala

Thr

Tyr

Asn

Arg

230

Asp

Pro

Met

Leu

Leu

Lys

Asp

Thr

Glu

Arg

135

Thr

Met

His

Leu

val

215

Ala

Gly

Asp

Ala

Ser

40

Asp

Pro

Thr

Leu

Ile

120

His

Gln

Asn

Tyr

Lys

200

Thr

Ser

val

Gly

Ser

25

Gln

Gly

Gln

Glu

Thr

105

Arg

Phe

Glu

Val

Arg

185

Ser

Cys

Ser

Ser

Asn
265

10

Met

Asp

Gln

Gly

Thr

90

His

Vval

Tyr

Ser

Thr

170

Ala

Gly

Ser

Phe

Leu

250

Gly

Gln Ser Gln Arg Thr Asp

310

Ala

Glu

Pro

Gln

75

Glu

Ile

Cys

Tyr

Thr

155

Asn

Met

Val

Glu

Tyr

235

Ser

Thr

Glu

Ser

Phe

Trp

Asp

Lys

Glu

Asp

140

val

Phe

Gln

Ala

Val

220

Pro

His

Tyr

Pro

Val

45

Leu

Ala

Leu

Asp

Ile

125

Gly

Pro

Trp

Ala

Ile

205

Ser

Arg

Asn

Gln

His

30

Gln

Arg

Glu

Thr

Gln

110

His

Glu

Gln

Lys

Asp

190

Arg

Glu

Asn

Thr

Thr
270

285

300

15

Ser

Ser

Tyr

Asp

Glu

95

Lys

Glu

Leu

Ser

Glu

175

Cys

Arg

Gly

Ile

Gln

255

Trp

Leu

Gly

Asp

val

80

Asn

Gly

Asp

Phe

Ser

160

Asp

Leu

Thr

Asn

Thr

240

Gln

val
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<212> PRT
<213> Artificial Sequence

<220>
<223> SP-ULBP1ed

<400> 92
Met Gly Gly Vval Leu Leu
1 5

Ala Leu Leu Phe Pro Ser
20

Cys Leu Cys Tyr Asp Phe
35

Gln Trp Cys Glu Val Gln
50

Tyr Asp Cys Val Asn His
65 70

Lys Val Asn Val Thr Lys
85

Asp Val Val Asp Phe Leu
100

Asn Leu Ile Pro Ile Glu
115

Glu His Glu Ala His Gly
130

Asn Gly Gln Lys Phe Leu
145 150

Ala Leu His Pro Gly Ala
165

Arg Asp Val Thr Met Phe
180

Met Trp Leu Glu Glu Phe
195

Thr

<210> 93

<211> 211

<212> PRT

<213> Artificial Sequence

<220>
<223> SP-ULBP2ed

<400> 93
Met Gly Gly Val Leu Leu
1 5

Ala Leu Leu Phe Pro Ser
20

Ser Leu Cys Tyr Asp Ile
35

Arg Trp Cys Ala Val Gln
50

Thr Gln Arg Thr Leu Leu
10

Met Ala Ser Met Gly Trp
25

Ile Ile Thr Pro Lys Ser
40

Gly Leu Val Asp Glu Arg
55 60

Lys Ala Lys Ala Phe Ala
75

Thr Trp Glu Glu Gln Thr
90

Lys Gly Gln Leu Leu Asp
105

Pro Leu Thr Leu Gln Ala
120

His Gly Arg Gly Ser Trp
135 140

Leu Phe Asp Ser Asn Asn
155

Lys Lys Met Thr Glu Lys
170

Phe Gln Lys Ile Ser Leu
185

Leu Met Tyr Trp Glu Gln
200

Thr Gln Arg Thr Leu Leu
10

Met Ala Ser Met Gly Arg
25

Thr val Ile Pro Lys Phe
40

Gly Gln Val Asp Glu Lys
55 &0

Ser Leu

Val Asp
30

Arg Pro
45

Pro Phe

Ser Leu

Glu Thr

Ile Gln
110

Arg Met
125

Gln Phe

Arg Lys

Trp Glu

Gly Asp
190

Met Leu
205

Ser Leu

Ala Asp
30

Arg Pro
45

Thr Phe

Val

15

Thr

Glu

Leu

Gly

Leu

95

Val

Ser

Leu

Trp

Lys
175

Cys

Asp

Val

15

Pro

Gly

Leu

Leu

His

Pro

His

Lys

80

Arg

Glu

Cys

Phe

Thr
160

Asn

Lys

Pro

Leu

His

Pro

His
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Tyr Asp Cys Gly
65

Lys Leu Asn Val

Glu Val Val Asp
100

Asn Tyr Thr Pro
115

Glu Gln Lys Ala
130

Asp Gly Gln Tle
145

Thr val His Pro

Lys Val Val Ala
180

Gly Trp Leu Glu
195

Ser Ala Gly
210
<210> 94
<211> 206
<212> PRT

Asn

Thr

85

Ile

Lys

Glu

Phe

Gly
165

Met

Asp

Lys

70

Thr

Leu

Glu

Gly

Leu

150

Ala

Ser

Phe

<213> Artificial Sequence

<220>

<223> SP-ULBP3ed

<400> 94
Met Gly Gly Val
1

Ala Leu Leu Phe
20

Tyr Asn Phe Thr
35

Glu Val Gln Ser
50

Gly Ser Asp Lys
€5

Ala Thr Asp Ala

Gln Arg Leu Arg
100

Pro Ser Gly Pro
115

Ala Asp Gly Tyr

130

Lys Phe Leu Leu
148

Leu

Pro

Ile

Gln

Val

Trp

85

Leu

Leu

Ile

Phe

Leu

Ser

Ile

Val

Leu

70

Gly

Glu

Thr

Arg

Asp
150

Thr

Ala

Thr

Pro

His

135

Leu

Arg

Phe

Leu

Thr

Met

His

Asp

55

Ser

Lys

Leu

Leu

Gly

135

Ser

Vval

Trp

Glu

Leu

120

Ser

Phe

Lys

His

Met
200

Gln

Ala

Leu

40

Gln

Met

Gln

Ala

Gln

120

Ser

Asn

Thr

Lys

Gln

105

Thr

Ser

Asp

Met

Tyr

185

Gly

Arg

Ser

25

Pro

Lys

Gly

Leu

Asp

105

Val

Trp

Asn

Pro

Ala

20

Leu

Leu

Gly

Ser

Lys

170

Phe

Met

Thr

10

Met

Arg

Asn

His

Glu

20

Thr

Arg

Gln

A!‘_‘g

val

75

Gln

Arg

Gln

Ser

Glu

155

Glu

Ser

Asp

Leu

Asp

His

Phe

Ieu

75

Met

Glu

Met

Phe

Lys
155

Ser

Asn

Asp

Ala

Trp
140

Lys

Lys

Met

Ser

Leu

Ala

Gly

Leu

€0

Glu

Leu

Leu

Ser

Ser

140

Trp

Pro

Pro

Ile

Arg

125

Gln

Trp

Gly

Thr
205

Ser

His

Gln

45

Ser

Glu

arg

Glu

Cys

125

Phe

Thr

Leu

Val

Gln

110

Met

Phe

Met

Glu

Asp

190

Leu

Leu

Ser

Gln

Tyr

Gln

Glu

Asp

110

Glu

Asp

val

Gly

Leu

95

Leu

Ser

Ser

Trp

Asn

175

Cys

Glu

val

15

Len

Trp

Asp

Leu

val

95

Phe

Cys

Gly

val

Lys

80

Arg

Glu

Cys

Phe

Thr

160

Asp

Ile

Pro

Leu

Trp

Cys

Cys

Tyr

80

Gly

Thr

Glu

Arg

His
160
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Ala Gly Ala Arg Arg Met
165

Thr Thr Phe Phe Lys Met
180

Arg Asp Phe Leu Met His
195

<210> 95

<211> 221

<212>PRT

<213> Artificial Sequence

<220>
<223> SP-N2DL4ed

<400> 95
Met Gly Gly Val Leu Leu
1 5

Ala Leu Leu Phe Pro Ser
20

Phe Thr Ile Lys Ser Leu

Gln Val Phe Leu Asn Lys
50

Asn Met Val Lys Pro Leu
65 70

Ser Thr Trp Gly Glu Leu
85

Leu Arg Met Leu Leu Cys
100

Pro Ser Thr Leu Gln Val
115

Cys Thr Gly Ala Ser Trp
130

Leu Phe Asp Ala Met Asn
145 150

Ser Lys Ile Lys Glu Thr
165

Phe Arg Lys Leu Ser Lys
180

Leu Gly His Trp Glu Ala
185

Ala Ser Asp Ile His Trp
210

<210> 96

<211> 224

<212>PRT

<213> Artificial Sequence

<220>
<223> SP-RETIGed

Lys

Val

Arg

Thr

Met

Ser

Asn

55

Gly

Thr

Asp

Glu

Gln
135

Met

Trp

Gly

Met

Ser
215

Glu

Ser

Lys
200

Gln

Ala

Arg

40

Leu

Leu

Gln

Ile

Met

120

Phe

Thr

Lys

Asp

Pro

200

Ser

Lys

Met

185

Lys

Arg

Ser

25

Pro

Phe

Leu

Thr

Lys

105

Phe

Ala

Trp

Lys

Cys

185

Glu

Ser

Trp
170

Arg

Arg

Thr

10

Met

Gly

Leu

Gly

Leu

90

Pro

Cys

Thr

Thr

Asp

170

Asp

Pro

Ser

Glu

Asp

Leu

Leu

His

Gln

Gln

Lys

75

Gly

Gln

Gln

Asn

Val

155

Arg

His

Thr

Leu

Lys

Cys

Glu

Leu

Ser

Pro

Tyr

60

Lys

Glu

Ile

Arg

Gly
140

Ile

Gly

Trp

Val

Pro
220

Asp

Lys

Pro
205

Ser

Leu

Trp

45

Asgn

Val

val

Lys

Glu

125

Glu

Asn

Leu

Leu

Ser

205

Asp

Ser

Ser

190

Thr

Leu

Cys

30

Cys

Ser

Tyr

Gly

Thr

110

Ala

Lys

His

Glu

Arg

190

Pro

Gly
175

Trp

Val

15

Phe

Glu

Asp

aAla

Arg

95

Ser

Glu

Ser

Glu

Lys

175

Glu

Val

Leu

Leu

Leu

Asn

Ala

Asn

Thr

80

Asp

Asp

Arg

Leu

Ala

160

Tyr

Phe

Asn
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<400> 96

Met Gly
1

Ala Leu

Ser Leu

Arg Trp
50

Tyr Asp
65

Lys Leu

Glu Vval

Asn Tyr

Glu Gln
130

Asp Gly

145

Thr val

Lys Asp

Gly Trp

Ser Ala
210

Gly

Leu

Cys

35

Cys

Cys

Asn

Val

Ile
115

Lys

Gln

His

Met

Leu

195

Gly

<210> 97
<211> 211
<212> PRT
<213> Artificial Sequence

<220>

Val

Phe

20

Tyr

Ala

Gly

val

Asp

100

Pro

Ala

Ile

Pro

Thr

180

Glu

Ala

Leu

Fro

Asp

Val

Ser

Thr

85

Ile

Lys

Glu

Phe

Gly

165

Met

Asp

Pro

<223> SP-RAETILed

<400> 97

Met Gly
1

Ala Leu

Ser Leu

Arg Trp
50

Tyr Asp
65

Lys Leu

Gly

Leu

Cys

35

Cys

Cys

Asn

val

Phe

20

Tyr

Ala

Gly

Val

Leu

Fro

Asp

val

Asn

Thr
ar

Leu

Ser

Ile

Gln

Lys

70

Thr

Leu

Glu

Gly

Leu

150

aAla

Ser

Phe

Pro

Leu

Ser

Ile

Gln

Lys

70

Met

Thr

Met

Thr

Gly

55

Thr

Ala

Thr

Pro

His
135

Leu

Phe

Leu

Thir
215

Thr

Met

Thr

Gly

55

Thr

Ala

Gln

Ala

Val

40

Gln

val

Trp

Glu

Leu
120

Gly

Phe

Lys

His

Met

200

Met

Gln

Ala

Val

40

Gln

Val

Trp

Ser

25

Ile

Val

Thr

Lys

Gln

105

Thr

Ser

Asp

Met

Tyr

185

Gly

Ser

Arg

Ser

25

Ile

Val

Thr

Lys

Thr

10

Met

Pro

Asp

Pro

Ala

20

Leu

Leu

Gly

Ser

Lys

170

Ile

Met

Ser

Thr

1¢

Met

Pro

Asp

Pro

Ala
an

Leu

Gly

Lys

Glu

val

75

Gln

Leu

Gln

Ser

Glu

155

Glu

Ser

Asp

Gly

Leu

Aryg

Lys

Glu

Val

75

Gln

Leu

Leu

Phe

Lys

€0

Ser

Asn

Asp

Ala

Trp

140

Asn

Lys

Met

Ser

Thr
220

Leu

Arg

Phe

Lys

€0

Ser

Asn

Ser

Ala

Arg

45

Thr

Pro

Pro

Ile

Arg
125

Gln

Arg

Trp

Gly

Thr

205

Ala

Ser

Asp

Arg

45

Thr

Pro

Pro

Leu

Asp

30

Pro

Phe

Leu

Val

Gln

110

Met

Leu

Met

Glua

Asp

190

Leu

Gln

Leu

Asp

30

Pro

Phe

Leu

Val

val

15

Pro

Gly

Leu

Gly

Leu

95

Leu

Ser

Ser

Trp

Asn

175

Cys

Glu

Pro

val

15

Pro

Gly

Leu

Gly

Leu
QR

Leu

His

Pro

His

Lys

80

Arg

Glu

Cys

Phe

Thr

160

Asp

Thr

Pro

Arg

Leu

His

Pro

His

Lys

80

Arg
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Glu val

Asn Tyr

Glu Gln
130

Asp Gly

145

Thr Val

Lys Asp

Gly Trp

Ser Ala
210

REFERENCES CITED IN THE DESCRIPTION

val

Thr

115

Lys

Gln

His

Val

Leu

135

Gly

Asp
100

Pro

Ala

Thr

Pro

Ala

180

Glu

Ile

Lys

Glu

Phe

Gly

165

Met

Asp

Leu

Glu

Gly

Leu

150

Ala

Ser

Phe

Thr

Pro

His

135

Leu

Arg

Phe

Leu

Glu

Leu

120

Ser

Phe

Lys

His

Met
200

Gln
105

Thr

Ser

Asp

Met

Tyr

185

Gly

sy

Leu

Leu

Gly

Ser

Lys

170

Ile

Met

Leu

Gln

Ser

Glu

155

Glu

Ser

Asp

Asp

Ala

Trp

140

Lys

Lys

Met

Ser

Ile

arg
125

Gln

Trp

Gly

Thr
205

Gln
110

Met

Phe

Met

)

Leu

Ser

Ser

Trp

Glu Asn

Asp
190

Leu

175

Cys

Glu

Glu

Cys

Ile

Thr

160

Asp

Ile

Pro
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Patentkrav

1. Fremgangsmade til fremstilling af en eendret T-celle omfattende trinnene
med at:

a) inhibere ekspressionen af beta 2-mikroglobulin (B2M) og/eller klasse Il ma-
jor histokompatibilitetskompleks-transaktivator (CIITA) i en T-celle, som er ble-
vet tilvejebragt; og

b) inaktivere mindst et gen, der koder for en komponent af T-celle-receptoren
(TCR) i T-cellen; og

c) indfere i T-cellen et eksogent nukleinsyremolekyle omfattende en nu-
kleotidsekvens, der koder for en kimeerisk antigenreceptor (CAR) rettet mod
mindst et antigen eksprimeret pa overfladen af en malign eller inficeret celle.

2. Fremgangsmade ifglge krav 1, hvor ekspressionen af B2M og/eller CIITA
inhiberes ved at anvende en sjeelden-skeerende endonuklease, som selektivt
kan inaktivere genet, der koder for B2M og/eller CIITA, ved DNA-spaltning.

3. Fremgangsmade ifalge krav 1 eller 2, hvor inaktiveringen af det mindst ene
gen, der koder for en komponent af T-celle-receptoren (TCR), udfgres ved at
anvende en sjeelden-skeerende endonuklease, som selektivt kan inaktivere ge-
net, der koder for TCR-komponenten, ved DNA-spaltning.

4. Fremgangsmade ifalge krav 2 eller 3, hvor den sjeelden-skeerende endonu-
klease er en TAL-nuklease, meganuklease, zing-finger-nuklease (ZFN) eller
RNA-ledet endonuklease.

5. Fremgangsmade ifelge et af kravene 1 til 3, endvidere omfattende et trin
med disruption af PD1 (Programmed cell death protein 1).

6. Fremgangsmade ifalge et af kravene 1 til 5, endvidere omfattende trinnet
med at eksprimere mindst et ikke-endogent immunsuppressivt polypeptid i T-
cellen.
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7. Fremgangsmade ifalge krav 6, hvor det ikke-endogene immunsuppressive
polypeptid er et viralt MHC-homolog eller en NKG2D-ligand.

8. Fremgangsmade ifglge et af kravene 1 til 7, hvor T-cellen er et cytotoksisk
T-lymfocyt.

9. Endretisoleret T-celle, der eksprimerer en kimeerisk antigenreceptor (CAR)
rettet mod mindst et antigen eksprimeret pa overfladen af en malign eller infi-
ceret celle, hvor T-cellen endvidere er kendetegnet ved, at i) ekspressionen
af beta 2-mikroglobulin (B2M) og/eller klasse || major histokompatibilitetskom-
pleks-transaktivator (CIITA) er inhiberet; og ii) mindst et gen, der koder for en
komponent af T-celle-receptoren (TCR), er inaktiveret.

10. AEndret T-celle ifalge krav 9, hvor genet, der koder for B2M, er inaktiveret
gennem ekspressionen i T-cellen af en sjeelden-skeerende endonuklease, som
selektivt kan inaktivere genet, der koder for B2M, ved DNA-spaltning.

11. /ndret T-celle ifalge krav 9 eller 10, endvidere kendetegnet ved, at PD1
er afbrudt.

12. /Endret T-celle ifglge krav 9, hvor T-cellen har faenotypen [b2m][TCR]
[PD1][CAR]".

13. /£ndret T-celle ifslge et af kravene 9 til 12, hvor T-cellen eksprimerer
mindst et ikke-endogent immunsuppressivt polypeptid.

14. /Endret T-celle ifelge krav 13, hvor det ikke-endogene immunsuppressive
polypeptid er et viralt MHC-homolog eller en NKG2D-ligand.

15. /Endret T-celle ifglge et af kravene 9 til 14, hvor T-cellen er et cytotoksisk
T-lymfocyt.
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16. /£ndret T-celle ifelge et af kravene 9 til 15 til anvendelse som et medika-

ment.

17. Sammensaetning omfattende mindst en eendret T-celle ifelge et af kravene
9 til 15.
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