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57 ABSTRACT

The present invention relates to the use of “off-the-shelf”
allogeneic therapeutic cells for immunotherapy in conjunc-
tion with chemotherapy to treat patients with cancer. In
particular, the inventors develop a method of engineering
allogeneic T-cell resistant to chemotherapeutic agents. The
therapeutic benefits afforded by this strategy should be
enhanced by the synergistic effects between chemotherapy
and immunotherapy. In particular, the present invention
relates to a method for modifying T-cells by inactivating at
least one gene encoding T-cell receptor component and by
modifying said T-cells to confer drug resistance. The inven-
tion opens the way to standard and affordable adoptive
immunotherapy strategies for treating cancer.
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METHOD OF ENGINEERING
CHEMOTHERAPY DRUG RESISTANT
T-CELLS FOR IMMUNOTHERAPY

FIELD OF THE INVENTION

[0001] The present invention relates to the use of “off-
the-shelf” allogeneic therapeutic cells for immunotherapy in
conjunction with chemotherapy to treat patients with cancer.
In particular, the inventors developed a method of engineer-
ing allogeneic T-cells resistant to chemotherapeutic agents.
The therapeutic benefits afforded by this strategy should be
enhanced by the synergistic effects between chemotherapy
and immunotherapy. In particular, the present invention
relates to a method for modifying T-cells by inactivating at
least one gene encoding T-cell receptor component and by
modifying said T-cells to confer drug resistance. The inven-
tion opens the way to standard and affordable adoptive
immunotherapy strategies for treating cancer.

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 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).
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. Simi-
larly, isolation and transfer of tumor specific T-cells has been
shown to be successful in treating melanoma. Novel speci-
ficities in T-cells have been successfully generated through
the genetic transfer of transgenic T cell receptors or chimeric
antigen receptors (CARs). CARs are synthetic receptors
consisting of a targeting moiety that is associated with one
or more signaling domains in a single fusion molecule.
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).

[0003] The current protocol for treatment of patients using
adoptive immunotherapy is based on autologous cell trans-
fer. 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. 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 sub-
stantial variations in efficacy and safety.

[0004] 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. However, allogeneic
T-cells are obtained from individuals belonging to the same
species but are genetically dissimilar. Thus, endogenous
TCR specificities of allogeneic cells recognize the host
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tissue as foreign, resulting in graft versus host disease
(GvHD), which can lead to serious tissue damage and death.
T cell receptors (TCR) are cell surface receptors that par-
ticipate in the activation of T cells in response to the
presentation of antigen. 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 anti-
gen 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
cells proliferation and the potential development of GVHD.
In order to effectively use allogeneic cells, the inventors
inactivate the TCRalpha or TCRbeta gene which results in
the elimination of the TCR from the surface of T-cells and
thus prevent recognition of alloantigen and thus GVHD.
[0005] Although outstanding progress has been made in
the fields of cancer detection and tumor cell biology, the
treatment of late-stage and metastatic cancer remains a
major challenge. Cytotoxic chemotherapy agents remain
among the most used and successfully employed anti-cancer
treatments. Several cytotoxic agents such as anti-metabo-
lites, alkylating agents, anthracyclines, DNA methyltrans-
ferase inhibitors, platinum compounds and spindle poisons
have been developed to kill cancer cells. However, they are
not uniformly effective, and the introduction of these agents
with novel therapies, such as immunotherapies, is problem-
atic. For example, chemotherapy agents can be detrimental
to the establishment of robust anti-tumor immunocompetent
cells due to the agents’ non-specific toxicity profiles. Small
molecule-based therapies targeting cell proliferation path-
ways may also hamper the establishment of anti-tumor
immunity. However, if chemotherapy regimens that are
transiently effective can be combined with novel immuno-
competent cell therapies then significant improvement in
anti-neoplastic therapy might be achieved (for review (Das-
gupta, McCarty et al. 2011)).

[0006] Thus, to use “off-the-shelf” allogeneic therapeutic
cells in conjunction with chemotherapy, the inventors
develop a method of engineering allogeneic T-cell resistant
to chemotherapeutic agents. The therapeutic benefits
afforded by this strategy should be enhanced by the syner-
gistic effects between chemotherapy and immunotherapy.
Moreover, drug resistance can also benefit from the ability
to selectively expand the engineered T-cell thereby avoiding
the problems due to inefficient gene transfer to these cells.

SUMMARY OF THE INVENTION

[0007] Inone aspect, the present invention provides meth-
ods for engineering immune cells to make them resistant to
purine nucleotide analogs (PNA) chemotherapy drugs, such
a clorofarabine et fludarabine, so that they can be used in
cancer immunotherapy treatments in patients pre-treated
with conventional chemotherapies. The immune cells can
originate from the patient, such as in the case of TIL (Tumor
Infiltrating Lymphocytes), in view of operating autologous
treatments, or from donors in view of producing allogeneic
cells, which can be used in allogeneic treatments.

[0008] In the later case, when the immune cells are T-cells,
the present invention also provides methods to engineer
T-cells that are made both resistant to chemotherapy drugs
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and allogeneic. Such methods comprise the step of inacti-
vating at least one gene encoding a T-Cell Receptor (TCR)
component, in particular TCRalpha, TCRbeta genes, in
addition to the inactivation of a drug sensitizing gene, such
as dcK and HPRT genes.

[0009] According to another aspect, the resistance to drugs
can be conferred to a T-cell by expressing a drug resistance
gene. Variant alleles of several genes such as dihydrofolate
reductase (DHFR), inosine monophosphate dehydrogenase
2 (IMPDH2), calcineurin or methylguanine transferase
(MGMT) have been identified to confer drug resistance to a
cell according to the invention.

[0010] The present invention encompasses the isolated
cells or cell lines obtainable by the method of the invention,
more particularly isolated immune cells comprising any of
the proteins, polypeptides, allelic variants, altered or deleted
genes or vectors described herein.

[0011] The immune cells of the present invention or cell
lines can further comprise exogenous recombinant poly-
nucleotides, in particular CARs or suicide genes or they can
comprise altered or deleted genes coding for checkpoint
proteins or ligands thereof that contribute to their efficiency
as a therapeutic product, ideally as an “off the shelf” product.
In another aspect, the present invention concerns the method
for treating or preventing cancer in the patient by adminis-
trating an engineered immune cell obtainable by the above
methods.

[0012] FIG. 1 corresponds to a schematic representation of
pathways and cellular toxicity of purine nucleoside analogs
(PNAs); the inactivation of the enzyme deoxycytidine
kinase (dCK) confers resistance to the drugs clofarabine and
fludarabine;

[0013] FIG. 2 shows that the inactivation of the enzyme
hypoxanthine-guanine phosphoribosyltransferase (HPRT)
confers resistance to the drugs 6-Mercaptopurine (6MP) and
6 thio-guanine (6TG);

[0014] FIG. 3A depicts the overall dCK gene architecture
in terms of exons and introns, and

[0015] FIG. 3 B shows sequences of TALE-nuclease target
sites located for the 2 TALE-nuclease pairs in the dCK exon
2;

[0016] FIG. 4 shows the workflow followed to generate
and to characterize HPRT KO T cells; DO represents Day O,
Dn represents Day n; T7 corresponds to the endo T7 assay;
[0017] FIG. 5 represents the results obtained from endo T7
assay to check the processing of the dCK gene; the upper
band corresponds to the non processed WT dCK gene and
the 2 lower bands correspond to the processed dCK gene;
[0018] FIG. 6 represents cell expansion of dCK KO
T-cells treated with 5 pug or 10 pg of mRNA encoding dCK2
TALE-nuclease and WT T-cells controls 1 and 2 over a
period of 14 days after electroporation.

[0019] FIG. 7 represents the endo T7 assay performed at
Day 8 (D8) to check the dCK inactivation in T cells (by
using 5 ug of TALE-nuclease dCK 2 pair) in the presence of
1 uM clofarabine (+) or in the absence of clofarabine (-);
[0020] FIG. 8 represents the percentage of cell viability of
WT and dCK KO T cells (treated with 5 pg or 10 pg of
mRNA encoding dCK2 TALE-nuclease pair) cultured for
two days in the presence of increasing amount of clofarabine
(10 nM to 10 uM). This graph allows to determine the
Clofarabine 1C50 toward both cell populations;

[0021] FIG. 9 shows the 2 workflows used to generate and
characterize clofarabine resistant allogeneic T cells; the
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upper one corresponds to the case when a drug selection was
performed in constrast to the lower one when no drug
selection was done; Day 0 (DO0) is the day when the double
electroporation by TRAC and dCK TALE-nucleases was
realized,

[0022] FIG. 10 corresponds to an endo T7 assay to check
genetically the efficacy of double KO dCK/TRAC in T-cells
at different times after electoporation (D1, D3 and D6). The
primers used for each locus are presented in the example, for
simple KO dCK T-cell (+-) and simple KO TRAC T-cell
(—=+), double KO dCK/TRAC T-cells (++) and WT T cells
(-=-); the lower bands mean a correct dCK and TRAC gene
processing;

[0023] FIG. 11 corresponds to an endo T7 assay and deep
sequencing data to check the efficacy of dCK inactivation in
the presence (+) or in the absence (-) of clofarabine, with (+)
or without (=) TRAC inactivation, the legend is the same
than in FIG. 10; the indel frequency was performed to
evaluate the rate of insertions/deletions at the dCK locus;
[0024] FIG. 12A represents the labeling control experi-
ment performed with T cells in the presence (labeled T cells)
or in the absence of anti TCR mAb-PE (unlabeled T cells);
[0025] FIG. 12B monitors the TCAR negative cells col-
lected after incubation in the presence or in the absence of
clofarabine, before and after TRAC KO T cells purification.
These cells were also inactivated for dCK gene;

[0026] FIG. 13 shows growth rate for simple KO dCK and
TRAC T-cells and double KO dCK/TRAC T cells versus
WT T-cells in the absence of clofarabine for a period of 12
days after electroporation;

[0027] FIG. 14 shows growth rate curves of dCK/TCAR
double KO CAR T-cells in media having different clofara-
bine doses (from 0.1 to 10 uM) compared to CAR T cells
(with or without clofarabine) for a period of 11 days;
[0028] FIG. 15 shows percentage of cell viability for
simple KO dCK or TRAC T cells, double KO dCK/TCAR
T-cells versus WT T-cells in media having different clofara-
bine doses (from 1 nM to 100 uM); this graph allows the
determination of IC50 for clofarabine on each T cells
population;

[0029] FIG. 16 represents the percentage of specific cyto-
toxicity for the double KO TRAC/dCK CAR T cells com-
pared to the CAR FMC63 T cells (both expressing the CD19
antigen) versus double KO TRAC/ACK T cells (without
CAR, so does not express CD19 antigen) and WT T cells (no
KO and no CAR);

[0030] FIG. 17 shows the percentage of cell viability for
double KO dCK/TCAR CAR T-cells versus CAR T-cells
control, when these T-cells were incubated in increasing
doses of clofarabine (10 ng to 100 ng, upper graph), and
fludarabine (10 uM to 100 puM, lower graph). These graphs
allows determination of IC50 for both drugs clofarabine and
fludarabine;

[0031] FIG. 18 corresponds to an endo T7 assay at Day 2
(D2) to check genetically the efficacy of dCK inactivation in
Daudi cells (+) (5 pg of mRNA encoding dCK TALE-
nuclease was used) versus WT cells (-). The upper band
corresponds to the non processed dCK gene whereas the 2
lower bands to the products of dCK inactivation;

[0032] FIG. 19 represents the growth rate (expressed in
x10° cells) for a period of 7 days of KO dCK Daudi cells
versus WT Daudi cells in the absence or presence of
increasing amounts of clofarabine (0.1 to 1 pM);
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[0033] FIG. 20 shows the overall HPRT gene architecture
in terms of exons and introns) and location of different
TALE-nuclease target sites (all of them in Exon 2);

[0034] FIG. 21 depicts the workflow which was used to
generate and characterize HPRT KO T cells;

[0035] FIG. 22 represents an endo T7 assay to check
HPRT gene inactivation in T cells by TALE-nuclease HPRT
pairs n° 1 and T pair n° 2 (2 doses were tested: 5 pug and 10
ug), Day 4 (D4);

[0036] FIG. 23 represents the growth rate (expressed in
%106 cells) for a period of 13 days of KO HPRT T cells, by
using 5 or 10 pg of TALE-nuclease HPRT 1 pair (HPRT1)
or TALE-nuclease HPRT 2 pair (HPRT?2), versus WT T cells
control 1 and control 2;

[0037] FIG. 24 represents an endo T7 assay to check
HPRT gene inactivation in T cells using 5 or 10 ug TALE-
nuclease HPRT pairs n° 1 (TALE-nuclease HPRT 1), versus
WT T cells [symbolized par (-)] at D8 and D18, when these
T-cells were incubated in 1 pM of the drug 6TG;

[0038] FIG. 25 represents an endo T7 assay to check
HPRT gene inactivation in T cells in the presence or in the
absence of 4G7 CAR, this assay was performed without
6TG selection;

[0039] FIG. 26 shows the percentage of specific cytotox-
icity for the KO HPRT CAR T cells compared to the CAR
4G7 T cells (both expressing the CD19 antigen) and WT T
cells (no KO and no CAR);

[0040] FIG. 27 shows the percentage of cell viability for
KO HPRT CAR T-cells versus WT T cells in increasing
doses of 6TG drug (10 ng to 50 uM).

DETAILED DESCRIPTION OF THE
INVENTION

[0041] 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.

[0042] 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. All publications, patent applications,
patents, and other references mentioned herein are incorpo-
rated by reference in their entirety. In case of conflict, the
present specification, including definitions, will prevail.
Further, the materials, methods, and examples are illustra-
tive only and are not intended to be limiting, unless other-
wise specified.

[0043] 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 Labo-
ratory 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
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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 Immu-
nology, Volumes I-IV (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).
[0044] Drug Resistant T-cells

[0045] The terms “therapeutic agent”, “chemotherapeutic
agent”, or “drug” as used herein refers to a compound or a
derivative thereof that can interact with a cancer cell,
thereby reducing the proliferative status of the cell and/or
killing the cell. Examples of chemotherapeutic agents
include, but are not limited to, alkylating agents (e.g.,
cyclophosphamide, ifosamide), metabolic antagonists (e.g.,
purine nucleoside antimetabolite such as clofarabine, flu-
darabine or 2'-deoxyadenosine, methotrexate (MTX),
S-fluorouracil or derivatives thereof), antitumor antibiotics
(e.g., mitomycin, adriamycin), plant-derived antitumor
agents (e.g., vincristine, vindesine, Taxol), cisplatin, carbo-
platin, etoposide, and the like. Such agents may further
include, but are not limited to, the anti-cancer agents
TRIMETHOTRIXATE™ (TMTX), TEMOZOLOMIDE™,
RALTRITREXED™, S-(4-Nitrobenzyl)-6-thioinosine
(NBMPR), 6-benzyguanidine (6-BG), bis-chloronitrosourea
(BCNU) and CAMPTOTHECIN™, or a therapeutic deriva-
tive of any thereof.

[0046] As used herein, a cell which is “resistant or toler-
ant” to an agent means a cell which has been genetically
modified so that the cell proliferates in the presence of an
amount of an agent that inhibits or prevents proliferation of
a cell without the modification.

Expression of Drug Resistance Genes

[0047] In a particular embodiment, said drug resistance
can be conferred to the T-cell by the expression of at least
one drug resistance gene. Said drug resistance gene refers to
a nucleic acid sequence that encodes “resistance” to an
agent, such as a chemotherapeutic agent (e.g. methotrexate).
In other words, the expression of the drug resistance gene in
a cell permits proliferation of the cells in the presence of the
agent to a greater extent than the proliferation of a corre-
sponding cell without the drug resistance gene. A drug
resistance gene of the invention can encode resistance to
anti-metabolite, methotrexate, vinblastine, cisplatin, alkylat-
ing agents, anthracyclines, cytotoxic antibiotics, anti-immu-
nophilins, their analogs or derivatives, and the like.

[0048] Several drug resistance genes have been identified
that can potentially be used to confer drug resistance to
targeted cells (Takebe, Zhao et al. 2001; Sugimoto, Tsuka-
hara et al. 2003; Zielske, Reese et al. 2003; Nivens, Felder
et al. 2004; Bardenheuer, Lehmberg et al. 2005; Kushman,
Kabler et al. 2007).

[0049] One example of drug resistance gene can also be a
mutant or modified form of Dihydrofolate reductase
(DHFR). DHFR is an enzyme involved in regulating the
amount of tetrahydrofolate in the cell and is essential to
DNA synthesis. Folate analogs such as methotrexate (MTX)
inhibit DHFR and are thus used as anti-neoplastic agents in
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clinic. Different mutant forms of DHFR which have
increased resistance to inhibition by anti-folates used in
therapy have been described. In a particular embodiment,
the drug resistance gene according to the present invention
can be a nucleic acid sequence encoding a mutant form of
human wild type DHFR (SEQ ID NO: 14, GenBank:
AAH71996.1) which comprises at least one mutation con-
ferring resistance to an anti-folate treatment, such as metho-
trexate. In particular embodiment, mutant form of DHFR
comprises at least one mutated amino acid at position G15,
L.22, F31 or F34, preferably at positions 1.22 or F31 ((Sch-
weitzer, Dicker et al. 1990); International application
WO094/24277; US. Pat. No. 6,642,043). In a particular
embodiment, said DHFR mutant form comprises two
mutated amino acids at position .22 and F31. Correspon-
dence of amino acid positions described herein is frequently
expressed in terms of the positions of the amino acids of the
form of wild-type DHFR polypeptide set forth in SEQ ID
NO: 14. In a particular embodiment, the serine residue at
position 15 is preferably replaced with a tryptophan residue.
In another particular embodiment, the leucine residue at
position 22 is preferably replaced with an amino acid which
will disrupt binding of the mutant DHFR to antifolates,
preferably with uncharged amino acid residues such as
phenylalanine or tyrosine. In another particular embodi-
ment, the phenylalanine residue at positions 31 or 34 is
preferably replaced with a small hydrophilic amino acid
such as alanine, serine or glycine.

[0050] As used herein, “antifolate agent” or “folate ana-
logs” refers to a molecule directed to interfere with the folate
metabolic pathway at some level. Examples of antifolate
agents include, e.g., methotrexate (MTX); aminopterin;
trimetrexate (Neutrexin™); edatrexate; N10-propargyl-5,8-
dideazafolic acid (CB3717); ZD1694 (Tumodex), 5,8-dide-
azaisofolic acid (IAHQ); 5,10-dideazatetrahydrofolic acid
(DDATHEF); 5-deazafolic acid; PT523 (N alpha-(4-amino-
4-deoxypteroyl)-N delta-hemiphthaloyl-L-ornithine);
10-ethyl-10-deazaaminopterin (DDATHF, lomatrexol); piri-
trexim; 10-EDAM; 7ZD1694; GW1843; Pemetrexate and
PDX (10-propargyl-10-deazaaminopterin).

[0051] Another example of drug resistance gene can also
be a mutant or modified form of ionisine-5'-monophosphate
dehydrogenase 11 (IMPDH2), a rate-limiting enzyme in the
de novo synthesis of guanosine nucleotides. The mutant or
modified form of IMPDH?2 is a IMPDH inhibitor resistance
gene. IMPDH inhibitors can be mycophenolic acid (MPA)
or its prodrug mycophenolate mofetil (MMF). The mutant
IMPDH2 can comprises at least one, preferably two muta-
tions in the MAP binding site of the wild type human
IMPDH2 (SEQ ID NO: 15; NP_000875.2) that lead to a
significantly increased resistance to IMPDH inhibitor. The
mutations are preferably at positions T333 and/or 5351
(Yam, Jensen et al. 2006; Sangiolo, Lesnikova et al. 2007
Jonnalagadda, Brown et al. 2013). In a particular embodi-
ment, the threonine residue at position 333 is replaced with
an isoleucine residue and the serine residue at position 351
is replaced with a tyrosine residue. Correspondence of
amino acid positions described herein is frequently
expressed in terms of the positions of the amino acids of the
form of wild-type human IMPDH2 polypeptide set forth in
SEQ ID NO: 15.

[0052] Another drug resistance gene is the mutant form of
calcineurin. Calcineurin (PP2B) is an ubiquitously
expressed serine/threonine protein phosphatase that is
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involved in many biological processes and which is central
to T-cell activation. Calcineurin is a heterodimer composed
of a catalytic subunit (CnA; three isoforms) and a regulatory
subunit (CnB; two isoforms). After engagement of the T-cell
receptor, calcineurin dephosphorylates the transcription fac-
tor NFAT, allowing it to translocate to the nucleus and active
key target gene such as IL2. FK506 in complex with
FKBP12, or cyclosporine A (CsA) in complex with CyPA
block NFAT access to calcineurin’s active site, preventing its
dephosphorylation and thereby inhibiting T-cell activation
(Brewin, Mancao et al. 2009). The drug resistance gene of
the present invention can be a nucleic acid sequence encod-
ing a mutant form of calcineurin resistant to calcineurin
inhibitor such as FK506 and/or CsA. In a particular embodi-
ment, said mutant form can comprise at least one mutated
amino acid of the wild type calcineurin heterodimer a at
positions: V314, Y341, M347, T351, W352, 1354, K360,
preferably double mutations at positions T351 and [.354 or
V314 and Y341. In a particular embodiment, the valine
residue at position 341 can be replaced with a lysine or an
arginine residue, the tyrosine residue at position 341 can be
replaced with a phenylalanine residue; the methionine at
position 347 can be replaced with the glutamic acid, arginine
or tryptophane residue; the threonine at position 351 can be
replaced with the glutamic acid residue; the tryptophane
residue at position 352 can be replaced with a cysteine,
glutamic acid or alanine residue, the serine at position 353
can be replaced with the histidine or asparagines residue, the
leucine at position 354 can be replaced with an alanine
residue; the lysine at position 360 can be replaced with an
alanine or phenylalanine residue of SEQ ID NO: 16. Cor-
respondence of amino acid positions described herein is
frequently expressed in terms of the positions of the amino
acids of the form of wild-type human calcineurin heterodi-
mer a polypeptide set forth in SEQ ID NO: 16 (GenBank:
ACX34092.1).

[0053] In another particular embodiment, said mutant
form can comprise at least one mutated amino acid of the
wild type calcineurin heterodimer b at positions: V120,
N123, 1124 or K125, preferably double mutations at posi-
tions [.124 and K125. In a particular embodiment, the valine
at position 120 can be replaced with a serine, an aspartic
acid, phenylalanine or leucine residue; the asparagines at
position 123 can be replaced with a tryptophan, lysine,
phenylalanine, arginine, histidine or serine; the leucine at
position 124 can be replaced with a threonine residue; the
lysine at position 125 can be replaced with an alanine, a
glutamic acid, tryptophan, or two residues such as leucine-
arginine or isoleucine-glutamic acid can be added after the
lysine at position 125 in the amino acid sequence SEQ ID
NO: 17. Correspondence of amino acid positions described
herein is frequently expressed in terms of the positions of the
amino acids of the form of wild-type human calcineurin
heterodimer b polypeptide set forth in SEQ ID NO:17
(GenBank: ACX34095.1).

[0054] Another drug resistance gene is 0(6)-methylgua-
nine methyltransterase (MGMT) encoding human alkyl gua-
nine transferase (hAGT). AGT is a DNA repair protein that
confers resistance to the cytotoxic effects of alkylating
agents, such as nitrosoureas and temozolomide (TMZ).
6-benzylguanine (6-BG) is an inhibitor of AGT that poten-
tiates nitrosourea toxicity and is co-administered with TMZ
to potentiate the cytotoxic effects of this agent. Several
mutant forms of MGMT that encode variants of AGT are
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highly resistant to inactivation by 6-BG, but retain their
ability to repair DNA damage (Maze, Kurpad et al. 1999). In
a particular embodiment, AGT mutant form can comprise a
mutated amino acid of the wild type AGT position P140, in
the amino acid sequence SEQ ID NO: 18 (UniProtKB:
P16455). In a preferred embodiment, said proline at position
140 is replaced with a lysine residue.

[0055] Another drug resistance gene can be multidrug
resistance protein 1 (MDR1) gene. This gene encodes a
membrane glycoprotein, known as P-glycoprotein (P-GP)
involved in the transport of metabolic byproducts across the
cell membrane. The P-Gp protein displays broad specificity
towards several structurally unrelated chemotherapy agents.
Thus, drug resistance can be conferred to cells by the
expression of nucleic acid sequence that encodes MDR-1
(NP_000918).

[0056] Drug resistance gene can also be cytotoxic antibi-
otics, such as ble gene or mcrA gene. Ectopic expression of
ble gene or mcrA in an immune cell gives a selective
advantage when exposed to the chemotherapeutic agent,
respectively the bleomycine or the mitomycin C.

[0057] The most practical approach to gene therapy is the
addition of a gene to engineer T-cell by using efficient gene
delivery with vectors, preferably viral vector. Thus, in a
particular embodiment, said drug resistance gene can be
expressed in the cell by introducing a transgene preferably
encoded by at least one vector into a cell.

[0058] The random insertion of genes into the genome
may lead to the inappropriate expression of the inserted gene
or the gene near the insertion site. Specific gene therapy
using homologous recombination of exogenous nucleic acid
comprising endogenous sequences to target genes to specific
sites within the genome can allow engineering secure
T-cells. As described above, the genetic modification step of
the method can comprise a step of introduction into cells of
an exogeneous nucleic acid comprising at least a sequence
encoding the drug resistance gene and a portion of an
endogenous gene such that homologous recombination
occurs between the endogenous gene and the exogeneous
nucleic acid. In a particular embodiment, said endogenous
gene can be the wild type “drug resistance” gene, such that
after homologous recombination, the wild type gene is
replaced by the mutant form of the gene which confers
resistance to the drug.

[0059] Endonucleolytic breaks are known to stimulate the
rate of homologous recombination. Thus, in a particular
embodiment, the method of the invention further comprises
the step of expressing in the cell a rare-cutting endonuclease
which is able to cleave a target sequence within an endog-
enous gene. Said endogenous gene can encode for examples
DHFR, IMPDH2, calcineurin or AGT. Said rare-cutting
endonuclease can be a TALE-nuclease, a Zinc finger nucle-
ase, a CRISPR/Cas9 endonuclease, a MBBBD-nuclease or a
meganuclease.

Inactivation of Drug Sensitizing Genes

[0060] In another particular embodiment, said drug resis-
tance can be conferred to the T-cell by the inactivation of a
drug sensitizing gene. For the first time, the inventor sought
to inactivate potential drug sensitizing gene to engineer
T-cell for immunotherapy.

[0061] By inactivating a gene it is intended that the gene
of interest is not expressed in a functional protein form. In
particular embodiment, the genetic modification of the
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method relies on the expression, in provided cells to engi-
neer, of one rare-cutting endonuclease such that said rare-
cutting endonuclease specifically catalyzes cleavage in one
targeted gene thereby inactivating said targeted gene. In a
particular embodiment, the step of inactivating at least one
drug sensitizing gene comprises introducing into the cell a
rare-cutting endonuclease able to disrupt at least one drug
sensitizing gene. In a more particular embodiment, said cells
are transformed with nucleic acid encoding a rare-cutting
endonuclease capable of disrupting a drug sensitizing gene,
and said rare-cutting endonuclease is expressed into said
cells. Said rare-cutting endonuclease can be a meganuclease,
a Zinc finger nuclease, CRISPR/Cas9 nuclease, A MBBBD-
nuclease or a TALE-nuclease. In a preferred embodiment,
said rare-cutting endonuclease is a TALE-nuclease.

[0062] In a preferred embodiment, drug sensitizing gene
which can be inactivated to confer drug resistance to the
T-cell is the human deoxycytidine kinase (dCK) gene. This
enzyme is required for the phosphorylation of the deoxyri-
bonucleosides deoxycytidine (dC), deoxyguanosine (dG)
and deoxyadenosine (dA). Purine nucleotide analogs
(PNAs) are metabolized by dCK into mono-, di- and tri-
phosphate PNA. Their triphosphate forms and particularly
clofarabine triphosphate compete with ATP for DNA syn-
thesis, acts as proapoptotic agent and are potent inhibitors of
ribonucleotide reductase (RNR) which is involved in tri-
nucleotide production (cf presumed mechanism of action in
FIG. 1).

[0063] Preferably, the inactivation of dCK in T cells is
mediated by TALE nuclease. To achieve this goal, several
pairs of dCK TALE-nuclease have been designed,
assembled at the polynucleotide level and validated by
sequencing. Examples of TALE-nuclease pairs which can be
used according to the invention are depicted by SEQ ID No
63 and SEQ ID No 64. When this pair of TALE-nuclease is
used, the dCK target sequence corresponds to SEQ ID No
62.

[0064] As shown in the examples, this dCK inactivation in
T cells confers resistance to purine nucleoside analogs
(PNAs) such as clofarabine and fludarabine.

[0065] In another preferred embodiment, the dCK inacti-
vation in T cells is combined with an inactivation of TRAC
genes rendering these double knock out (KO) T cells both
resistant to drug such as clofarabine and allogeneic. This
double features is particularly useful for a therapeutic goal,
allowing “off-the-shelf” allogeneic cells for immunotherapy
in conjunction with chemotherapy to treat patients with
cancer. This double KO inactivation dCK/TRAC can be
performed simultaneously or sequentially. One example of
TALE-nuclease dCK/TRAC pairs which gave success in the
invention is the use of SEQ ID No 63 and SEQ ID No 64 and
SEQ ID No 66 and No 67 respectively, The target sequences
in the 2 loci (dCK and TRAC) are depicted in SEQ ID No
62 and SEQ ID No 65 respectively.

[0066] Another example of enzyme which can be inacti-
vated is human hypoxanthine-guanine phosphoribosyl trans-
ferase (HPRT) gene (Genbank: M26434.1). In particular
HPRT can be inactivated in engineered T-cells to confer
resistance to a cytostatic metabolite, the 6-thioguanine
(6TG) which is converted by HPRT to cytotoxic thioguanine
nucleotide and which is currently used to treat patients with
cancer, in particular leukemias (Hacke, Treger et al. 2013).
Guanines analogs are metabolized by HPRT transferase that
catalyzes addition of phosphoribosyl moiety and enables the
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formation of TGMP (FIG. 2). Guanine analogues including
6 mercapthopurine (6MP) and 6 thioguanine (6TG) are
usually used as lymphodepleting drugs to treat ALL. They
are metabolized by HPRT (hypoxanthine phosphoribosyl
transferase that catalyzes addition of phosphoribosyl moiety
and enables formation TGMP. Their subsequent phospho-
rylations lead to the formation of their triphosphorylated
forms that are eventually integrated into DNA. Once incor-
porated into DNA, thio GTP impairs fidelity of DNA rep-
lication via its thiolate groupment and generate random
point mutation that are highly deleterious for cell integrity.

[0067] In another embodiment, the inactivation of the
CD3 normally expressed at the surface of the T-cell can
confer resistance to anti-CD3 antibodies such as teplizumab.

CD19+/Luc+ Drug Resistant Daudi Cells for Testing the
Cytotoxicity of by Drug Resistant Allogenic CAR T Cells

[0068] The present invention encompasses also a method
for manufacturing target cells which express both a surface
receptor specific to the CAR T cells and a resistance gene.
These target cells are particularly useful for testing the
cytoxicity of CAR T cells. These cells are readily resistant
to clinically relevant dose of clofarabine and harbor lup-
ciferase activity. This combination of features enable traking
them in vivo in a mice model. More particularly, they can be
used to assess the cytotoxicity properties drug resistant T
cells in mice in the presence of clofarabine or other PNAs.
Clofarabine resistant Daudi cells mimick the physiological
state of acute lymphoblastic leukemia (ALL) patients relaps-
ing form induction therapy, that harbor drug resistant B cell
malignancies. Thus, these cells are of great interest to
evaluate the reliability and cytotoxicity of drug resistant
CAR T cells. Preferably, these target cells are CD19+
Luciferase+ Daudi cells. Isolated cell

[0069] The present invention also relates to an isolated cell
obtainable by the method described above. In particular, the
present invention relates to an isolated T-cell resistant to a
drug which comprises at least one disrupted gene encoding
a T-cell receptor component. In a particular embodiment,
said T-cell expresses at least one drug resistance gene,
preferably ble gene or mcrA gene or gene encoding a mutant
DHFR, a mutant IMPDH2, a mutant AGT or a mutant
calcineurin. In another particular embodiment, said T-cell
comprises at least one disrupted drug sensitizing gene such
as dCK or HPRT gene. In a more particular embodiment,
said isolated T-cell comprises a disrupted HPRT gene and
express a DHFR mutant; said isolated T-cell comprises a
disrupted HPRT gene and express a IMPDH2 mutant; said
isolated T-cell comprises a disrupted HPRT gene and
express a calcineurin mutant; said isolated T-cell comprises
a disrupted HPRT gene and express a AGT mutant. In
another preferred embodiment, the said isolated cell
expresses a Chimeric Antigen Receptor (CAR), which can
be CD19 or CD123.

Allogeneic T-Cell Resistant to a Drug

[0070] In particular, the present invention relates to an
allogeneic T-cell resistant to a drug, specifically suitable for
immunotherapy. The resistance of a drug can be confer by
inactivation of drug sensitizing genes or by expression of
drug resistance genes such as previously described. Some
examples of drugs which suit to the invention are the purine
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nucleoside analogues (PNAs) such as clofarabine or fludara-
bine, or other drugs such as 6-Mercaptopurine (6MP) and 6
thio-guanine (6TG).

[0071] Cell according to the present invention refers to a
cell of hematopoietic origin functionally involved in the
initiation and/or execution of innate and/or adaptative
immune response. Cell according to the present invention is
preferably a T-cell obtained from a donor. Said T cell
according to the present invention can be derived from a
stem cell. 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,
totipotent stem cells or hematopoietic stem cells. Represen-
tative human stem cells are CD34+ cells. Said isolated cell
can also be a dendritic cell, killer dendritic cell, a mast cell,
a NK-cell, a B-cell or a T-cell selected from the group
consisting of inflammatory T-lymphocytes, cytotoxic T-lym-
phocytes, regulatory T-lymphocytes or helper T-lympho-
cytes. In another embodiment, said cell can be derived from
the group consisting of CD4+ T-lymphocytes and CD8+
T-lymphocytes. Prior to expansion and genetic modification
of the cells of the invention, a source of cells can be obtained
from a subject through a variety of non-limiting methods.
Cells 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 is preferably derived from a healthy donor. In
another embodiment, said cell is part of a mixed population
of cells which present different phenotypic characteristics.

Multiple Drug Resistance

[0072] In another particular embodiment, the inventors
sought to develop an “off-the shelf” immunotherapy strat-
egy, using allogeneic T-cells resistant to multiple drugs to
mediate selection of engineered T-cells when the patient is
treated with different drugs. The therapeutic efficiency can
be significantly enhanced by genetically engineering mul-
tiple drug resistance allogeneic T-cells. Such a strategy can
be particularly effective in treating tumors that respond to
drug combinations that exhibit synergistic effects. Moreover
multiple resistant engineered T-cells can expand and be
selected using minimal dose of drug agents.

[0073] Thus, the method according to the present inven-
tion can comprise modifying T-cell to confer multiple drug
resistance to said T-cell. Said multiple drug resistance can be
conferred by either expressing more than one drug resistance
gene or by inactivating more than one drug sensitizing gene.
In another particular embodiment, the multiple drug resis-
tance can be conferred to said T-cell by expressing at least
one drug resistance gene and inactivating at least one drug
sensitizing gene. In particular, the multiple drug resistance
can be conferred to said T-cell by expressing at least one
drug resistance gene such as mutant form of DHFR, mutant
form of IMPDH2, mutant form of calcineurin, mutant form
of MGMT, the ble gene, and the mcrA gene and inactivating
at least one drug sensitizing gene such as HPRT gene. In a
preferred embodiment, multiple drug resistance can be con-
ferred by inactivating HPRT gene and expressing a mutant
form of DHFR; or by inactivating HPRT gene and express-
ing a mutant form of IMPDH2; or by inactivating HPRT
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gene and expressing a mutant form of calcineurin; by
inactivating HPRT gene and expressing a mutant form of
MGMT; by inactivating HPRT gene and expressing the ble
gene; by inactivating HPRT gene and expressing the mcrA
gene.

Method of Engineering Drug Resistance Allogeneic T-Cells:

[0074] To improve cancer therapy and selective engraft-
ment of allogeneic T-cells, drug resistance is conferred to
said cells to protect them from the toxic side effects of
chemotherapy agent. The drug resistance of T-cells also
permits their enrichment in or ex vivo, as T-cells which
express the drug resistance gene will survive and multiply
relative to drug sensitive cells. In particular, the present
invention relates to a method of engineering allogeneic and
drug resistance T-cells resistant for immunotherapy com-

prising:

[0075] (a) Providing a T-cell;

[0076] (b) Selecting at least one drug;

[0077] (c) Modifying said T-cell by inactivating at least

one gene encoding a T-cell receptor (TCR) component;

[0078] (d) Modifying T-cell to confer drug resistance to
said T-cell;
[0079] (e) Expanding said engineered T-cell in the pres-

ence of said drug.

[0080] Allogeneic T-Cells

[0081] The present invention relates to allogeneic immu-
notherapy. Engraftment of allogeneic T-cells is possible 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). TCR inactivation
in allogeneic T-cells avoids GvHD. By inactivating a gene it
is intended that the gene of interest 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 one rare-cutting endonu-
clease such that said rare-cutting endonuclease specifically
catalyzes cleavage in one targeted gene thereby inactivating
said targeted gene. The nucleic acid strand breaks caused by
the rare-cutting endonuclease are commonly repaired
through the distinct mechanisms of homologous recombi-
nation 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. In a particular embodiment,
the step of inactivating at least a gene encoding a component
of'the T-cell receptor (TCR) into the cells of each individual
sample comprises introducing into the cell a rare-cutting
endonuclease able to disrupt at least one gene encoding a
component of the T-cell receptor (TCR). In a more particular
embodiment, said cells of each individual sample are trans-
formed with nucleic acid encoding a rare-cutting endonu-
clease capable of disrupting at least one gene encoding a
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component of the T-cell receptor (TCR), and said rare-
cutting endonuclease is expressed into said cells.

[0082] Said rare-cutting endonuclease can be a mega-
nuclease, a Zinc finger nuclease, CRISPR/Cas9 nuclease, a
TALE-nuclease or a MBBBD-nuclease. In a preferred
embodiment, said rare-cutting endonuclease is a TALE-
nuclease. By TALE-nuclease is intended a fusion protein
consisting of a DNA-binding domain derived from a Tran-
scription Activator Like Effector (TALE) and one nuclease
catalytic domain to cleave a nucleic acid target sequence
(Boch, Scholze et al. 2009; Moscou and Bogdanove 2009;
Christian, Cermak et al. 2010; Cermak, Doyle et al. 2011;
Geissler, Scholze et al. 2011; Huang, Xiao et al. 2011; Li,
Huang et al. 2011; Mahfougz, Li et al. 2011; Miller, Tan et al.
2011; Morbitzer, Romer et al. 2011; Mussolino, Morbitzer et
al. 2011; Sander, Cade et al. 2011; Tesson, Usal et al. 2011;
Weber, Gruetzner et al. 2011; Zhang, Cong et al. 2011;
Deng, Yan et al. 2012; Li, Piatek et al. 2012; Mahfouz, i et
al. 2012; Mak, Bradley et al. 2012). In the present invention
new TALE-nucleases have been designed for precisely tar-
geting relevant genes for adoptive immunotherapy strate-
gies.

[0083] Preferred TALE-nucleases according to the inven-
tion are those recognizing and cleaving the target sequence
selected from the group consisting of: SEQ ID NO: 1to 5
(TCRalpha), SEQ ID NO: 6 and 7 (TCRbeta). Said TALE-
nucleases preferably comprise a polypeptide sequence
selected from SEQ ID NO: 8 to SEQ ID NO: 13. In another
embodiment, additional catalytic domain can be further
introduced into the cell with said rare-cutting endonuclease
to increase mutagenesis in order to enhance their capacity to
inactivate targeted genes. In particular, said additional cata-
Iytic domain is a DNA end processing enzyme. Non limiting
examples of DNA end-processing enzymes include 5-3'
exonucleases, 3-5' exonucleases, 5-3' alkaline exonucleases,
5' flap endonucleases, helicases, hosphatase, hydrolases and
template-independent DNA  polymerases. Non limiting
examples of such catalytic domain comprise of a protein
domain or catalytically active derivate of the protein domain
selected from the group consisting of hExol (EXO1_HU-
MAN), Yeast Exol (EXO1_YEAST), E. coli Exol, Human
TREX2, Mouse TREX1, Human TREX1, Bovine TREX1,
Rat TREX1, TdT (terminal deoxynucleotidyl transferase)
Human DNA2, Yeast DNA2 (DNA2_YEAST). In a pre-
ferred embodiment, said additional catalytic domain has a
3'-5"-exonuclease activity, and in a more preferred embodi-
ment, said additional catalytic domain is TREX, more pref-
erably TREX2 catalytic domain (W02012/058458). In
another preferred embodiment, said catalytic domain is
encoded by a single chain TREX2 polypeptide. Said addi-
tional catalytic domain may be fused to a nuclease fusion
protein or chimeric protein according to the invention
optionally by a peptide linker.

[0084] Endonucleolytic breaks are known to stimulate the
rate of homologous recombination. Thus, in another
embodiment, the genetic modification step of the method
further comprises a step of introduction into cells of an
exogeneous nucleic acid comprising at least a sequence
homologous to a portion of the target nucleic acid sequence,
such that homologous recombination occurs between the
target nucleic acid sequence and the exogeneous nucleic
acid. In particular embodiments, said exogenous nucleic
acid comprises first and second portions which are homolo-
gous to region 5' and 3' of the target nucleic acid sequence,
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respectively. Said exogenous nucleic acid in these embodi-
ments also comprises a third portion positioned between the
first and the second portion which comprises no homology
with the regions 5' and 3' of the target nucleic acid sequence.
Following cleavage of the target nucleic acid sequence, a
homologous recombination event is stimulated between the
target nucleic acid sequence and the exogenous nucleic acid.
Preferably, homologous sequences of at least 50 bp, prefer-
ably more than 100 bp and more preferably more than 200
bp are used within said donor matrix. In a particular embodi-
ment, the homologous sequence can be from 200 bp to 6000
bp, more preferably from 1000 bp to 2000 bp. Indeed, shared
nucleic acid homologies are located in regions flanking
upstream and downstream the site of the break and the
nucleic acid sequence to be introduced should be located
between the two arms.

[0085] Ina particular embodiment, said exogenous nucleic
acid can comprise a transgene encoding for the drug resis-
tance gene according to the present invention.

Engineering of Further Possible T-Cells Attributes

[0086] The immune cells according to the invention may
be further engineered to acquire additional attributes that
participate to their more specific or efficient therapeutic use.
[0087] Chimeric Antigen Receptors

[0088] Chimeric Antigen Receptors (CAR) are able to
redirect immune cell specificity and reactivity toward a
selected target exploiting the ligand-binding domain prop-
erties. Thus, in another particular embodiment, the method
further comprises a step of introducing into said lympho-
cytes a Chimeric Antigen Receptor. Said Chimeric Antigen
Receptor combines a binding domain against a component
present on the target cell, for example an antibody-based
specificity for a desired antigen (e.g., tumor antigen) with a
T-cell receptor-activating intracellular domain to generate a
chimeric protein that exhibits a specific anti-target cellular
immune activity. Generally, CAR consists of an extracellular
single chain antibody (scFv) fused to the intracellular sig-
naling domain of the T-cell antigen receptor complex zeta
chain (scFv:E) and have the ability, when expressed in
T-cells, to redirect antigen recognition based on the mono-
clonal antibody’s specificity. One example of CAR used in
the present invention is a CAR directing against CD19
antigen and can comprise as non limiting example the amino
acid sequence: SEQ ID NO: 19 or 20.

[0089] Inactivation of Immune-Checkpoint Genes

[0090] T-cell-mediated immunity includes multiple
sequential steps involving the clonal selection of antigen
specific cells, their activation and proliferation in secondary
lymphoid tissue, their trafficking to sites of antigen and
inflammation, the execution of direct effector function and
the provision of help (through cytokines and membrane
ligands) for a multitude of effector immune cells. Each of
these steps is regulated by counterbalancing stimulatory and
inhibitory signal that fine-tune the response. It will be
understood by those of ordinary skill in the art, that the term
“immune checkpoints” means a group of molecules
expressed by T-cells. These molecules effectively serve as
“brakes” to down-modulate or inhibit an immune response.
Immune checkpoint molecules include, but are not limited to
Programmed Death 1 (PD-1, also known as PDCDI1 or
CD279, accession number: NM_005018), Cytotoxic T-Lym-
phocyte Antigen 4 (CTLA-4, also known as CD152, Gen-
Bank accession number AF414120.1), LAG3 (also known
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as CD223, accession number: NM_002286.5), Tim3 (also
known as HAVCR2, GenBank accession number:
JX049979.1), BTLA (also known as CD272, accession
number: NM_181780.3), BYS55 (also known as CD160,
GenBank accession number: CR541888.1), TIGIT (also
known as VSTM3, accession number: NM_173799), LAIR1
(also known as CD305, GenBank accession number:
CR542051.1, (Meyaard, Adema et al. 1997)), SIGLEC10
(GeneBank accession number: AY358337.1), 2B4 (also
known as CD244, accession number: NM_001166664.1),
PPP2CA, PPP2CB, PTPN6, PTPN22, CD9%6, CRTAM,
SIGLEC7 (Nicoll, Ni et al. 1999), SIGLEC9 (Zhang, Nicoll
et al. 2000; Ikehara, Ikehara et al. 2004), TNFRSF10B,
TNFRSF10A, CASP8, CASP10, CASP3, CASP6, CASP7,
FADD, FAS, TGFBRII, TGFRBRI, SMAD2, SMAD3,
SMAD4, SMADI10, SKI, SKIL, TGIF1, IL10RA, IL10RB,
HMOX2, IL6R, IL6ST, EIF2AK4, CSK, PAGI, SITI,
FOXP3, PRDMI1, BATF (Quigley, Pereyra et al. 2010),
GUCY1A2, GUCY1A3, GUCY1B2, GUCYIB3 which
directly inhibit immune cells. For example, CTLA-4 is a
cell-surface protein expressed on certain CD4 and CDS8
T-cells; when engaged by its ligands (B7-1 and B7-2) on
antigen presenting cells, T-cell activation and effector func-
tion are inhibited. Thus the present invention relates to a
method of engineering allogeneic T-cell resistant to drug,
further comprising modifying T-cells by inactivating at least
one protein involved in the immune check-point, in particu-
lar PD1 and/or CTLA-4. In a preferred embodiment, the step
of inactivating at least one protein involved in the immune
checkpoint is realized by expressing a rare-cutting endonu-
clease able to specifically cleave a target sequence within the
immune checkpoint gene. In a preferred embodiment, said
rare-cutting endonuclease is a TALE-nuclease. For example
said TALE-nuclease can specifically cleave the target
sequence selected from the group consisting of: SEQ ID
NO: 21 to 23 (CTLA-4) and SEQ ID NO: 24 and SEQ ID
NO: 25 (PDCD1), and in a more preferred embodiment said
TALE-nuclease comprises amino acid sequence selected
from the group consisting of SEQ ID NO: 26 to SEQ ID NO:
35.

[0091]

[0092] Allogeneic cells are rapidly rejected by the host
immune system. It has been demonstrated that, allogeneic
leukocytes present in non-irradiated blood products will
persist for no more than 5 to 6 days (Boni, Muranski et al.
2008). Thus, to prevent rejection of allogeneic cells, the
host’s immune system has to be usually suppressed to some
extent. However, in the case of adoptive immunotherapy the
use of immunosuppressive drugs also have a detrimental
effect on the introduced therapeutic T cells. Therefore, to
effectively use an adoptive immunotherapy approach in
these conditions, the introduced cells would need to be also
resistant to the immunosuppressive treatment. Thus, in par-
ticular embodiment, the method according to the present
invention further comprises a step of modifying T-cells to
make them resistant immunosuppressive agent, preferably
by inactivating at least one gene encoding a target for an
immunosuppressive agent. An immunosuppressive agent is
an agent that suppresses immune function by one of several
mechanisms of action. In other words, an immunosuppres-
sive agent is a role played by a compound which is exhibited
by a capability to diminish the extent of an immune
response. The method according to the invention allows
conferring immunosuppressive resistance to T cells for

Immunosuppressive resistant T cells
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immunotherapy by inactivating the target of the immuno-
suppressive agent in T cells. As non limiting examples,
targets for immunosuppressive agent can be a receptor for an
immunosuppressive agent such as: CD52, glucocorticoid
receptor (GR), a FKBP family gene member and a cyclo-
philin family gene member. In particular embodiment, the
genetic modification of the method relies on the expression,
in provided cells to engineer, of one rare-cutting endonu-
clease such that said rare-cutting endonuclease specifically
catalyzes cleavage in one targeted gene thereby inactivating
said targeted gene. Said rare-cutting endonuclease can be a
meganuclease, a Zinc finger nuclease or a TALE-nuclease.
Preferred TALE-nucleases according to the invention are
those recognizing and cleaving the target sequence selected
from the group consisting of: SEQ ID NO: 36 to 41 (GR),
and SEQ ID NO: 54 to 59 (CD52). Said TALE-nucleases
preferably comprise a polypeptide sequence selected from
SEQ ID NO: 42 to SEQ ID NO: 53 and SEQ ID NO: 60 to
SEQ ID NO: 61.

[0093] Suicide Genes

[0094] In another aspect, since engineered T-cells can
expand and persist for years after administration, it is
desirable to include a safety mechanism to allow selective
deletion of administrated T-cells. Thus, in some embodi-
ments, the method of the invention can comprises the
transformation of said T-cells with a recombinant suicide
gene. Said recombinant suicide gene is used to reduce the
risk of direct toxicity and/or uncontrolled proliferation of
said T-cells once administrated in a subject (Quintarelli C,
Vera F, blood 2007; Tey S K, Dotti G., Rooney C M, boil
blood marrow transplant 2007). Suicide genes enable selec-
tive deletion of transformed cells in vivo. In particular, the
suicide gene has the ability to convert a non-toxic pro-drug
into cytotoxic drug or to express the toxic gene expression
product. In other words, “Suicide gene” is a nucleic acid
coding for a product, wherein the product causes cell death
by itself or in the presence of other compounds. A repre-
sentative example of such a suicide gene is one which codes
for thymidine kinase of herpes simplex virus. Additional
examples are thymidine kinase of varicella zoster virus and
the bacterial gene cytosine deaminase which can convert
S5-fluorocytosine to the highly toxic compound 5-fluoroura-
cil. Suicide genes also include as non limiting examples
caspase-9 or caspase-8 or cytosine deaminase. Caspase-9
can be activated using a specific chemical inducer of
dimerization (CID). Suicide genes can also be polypeptides
that are expressed at the surface of the cell and can make the
cells sensitive to therapeutic monoclonal antibodies. As used
herein “prodrug” means any compound useful in the meth-
ods of the present invention that can be converted to a toxic
product. The prodrug is converted to a toxic product by the
gene product of the suicide gene in the method of the present
invention. A representative example of such a prodrug is
ganciclovir which is converted in vivo to a toxic compound
by HSV-thymidine kinase. The ganciclovir derivative sub-
sequently is toxic to tumor cells. Other representative
examples of prodrugs include acyclovir, FIAU [1-(2-deoxy-
2-fluoro-p-D-arabinofuranosyl)-5-iodouracil], 6-methoxy-
purine arabinoside for VZV-TK, and 5-fluorocytosine for
cytosine deaminase.

[0095] Delivery Methods

[0096] The different methods described above involve
expressing a protein of interest such as drug resistance gene,
rare-cutting endonuclease, Chimeric Antigen Receptor
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(CAR), suicide gene into a cell. As non-limiting example,
said protein of interest can be expressed in the cell by its
introduction as a transgene preferably encoded by at least
one plasmid vector. Polypeptides may be expressed in the
cell as a result of the introduction of polynucleotides encod-
ing said polypeptides into the cell. Alternatively, said poly-
peptides could be produced outside the cell and then intro-
duced thereto. Methods for introducing a polynucleotide
construct into cells are known in the art and include as non
limiting examples stable transformation methods wherein
the polynucleotide construct is integrated into the genome of
the cell, transient transformation methods wherein the poly-
nucleotide construct is not integrated into the genome of the
cell and virus mediated methods. Said polynucleotides may
be introduced into a cell by for example, recombinant viral
vectors (e.g. retroviruses, adenoviruses), liposome and the
like. For example, transient transformation methods include
for example microinjection, electroporation or particle bom-
bardment. Said polynucleotides may be included in vectors,
more particularly plasmids or virus, in view of being
expressed in cells. Said plasmid vector can comprise a
selection marker which provides for identification and/or
selection of cells which received said vector. Different
transgenes can be included in one vector. Said vector can
comprise a nucleic acid sequence encoding ribosomal skip
sequence such as a sequence encoding a 2A peptide. 2A
peptides, which were identified in the Aphthovirus subgroup
of picornaviruses, causes a ribosomal “skip” from one codon
to the next without the formation of a peptide bond between
the two amino acids encoded by the codons (see Donnelly et
al., J. of General Virology 82: 1013-1025 (2001); Donnelly
et al., J. of Gen. Virology 78: 13-21 (1997); Doronina et al.,
Mol. And. Cell. Biology 28(13): 4227-4239 (2008); Atkins
et al,, RNA 13: 803-810 (2007)). By “codon” is meant three
nucleotides on an mRNA (or on the sense strand of a DNA
molecule) that are translated by a ribosome into one amino
acid residue. Thus, two polypeptides can be synthesized
from a single, contiguous open reading frame within an
mRNA when the polypeptides are separated by a 2A oligo-
peptide sequence that is in frame. Such ribosomal skip
mechanisms are well known in the art and are known to be
used by several vectors for the expression of several proteins
encoded by a single messenger RNA.

[0097] In a more preferred embodiment of the invention,
polynucleotides encoding polypeptides according to the
present invention can be mRNA which is introduced directly
into the cells, for example by electroporation. The inventors
determined the optimal condition for mRNA electroporation
in T-cell. 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. The technology, based on the use of PulseAgile (BTX
Havard Apparatus, 84 October Hill Road, Holliston, Mass.
01746, USA) electroporation waveforms grants the precise
control of pulse duration, intensity as well as the interval
between pulses (U.S. Pat. No. 6,010,613 and International
PCT application WO2004083379). All these parameters 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 move the
polynucleotide into the cell.
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[0098] Activation and Expansion of T-Cells

[0099] Whether prior to or after genetic modification of
the T-cells, the T-cells can be activated and expanded
generally using methods as described, for example, in U.S.
Pat. Nos. 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 Publica-
tion No. 20060121005. T-cells can be expanded in vitro or
in vivo. Generally, the T cells of the invention are expanded
by contact with an agent that stimulates a CD3 TCR com-
plex and a co-stimulatory molecule on the surface of the
T-cells to create an activation signal for the T-cell. For
example, chemicals such as calcium ionophore A23187,
phorbol 12-myristate 13-acetate (PMA), or mitogenic lectins
like phytohemagglutinin (PHA) can be used to create an
activation signal for the T-cell. As non limiting examples,
T-cell populations may be stimulated in vitro such as by
contact with an anti-CD3 antibody, or antigen-binding frag-
ment 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.
[0100] 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,
1L-21 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, plasm-
anate, and reducing agents such as N-acetyl-cysteine and
2-mercaptoethanol. Media can include RPMI 1640, AIM-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 appro-
priate 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 cul-
tures, 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.

Therapeutic Applications

[0101] In another embodiment, said isolated T-cells
obtained as previously described can be used in allogeneic
adoptive cell immunotherapy. In particular, said T-cells
according to the present invention can be used for treating
cancer, infections or auto-immune disease in a patient in
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need thereof. In another aspect, the present invention relies
on methods for treating patients in need thereof, said method
comprising at least one of the following steps:

[0102] (a) providing an isolated T-cell obtainable by any
one of the methods previously described;

[0103]

[0104] On one embodiment, said T-cells of the invention
can undergo robust in vivo expansion and can persist for an
extended amount of time.

[0105] Said treatment can be ameliorating, curative or
prophylactic. The invention is particularly suited for allo-
geneic immunotherapy, insofar as it enables the transforma-
tion 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
resulting modified T-cells are administrated to one or several
patients, being made available as an “off the shelf” thera-
peutic product.

[0106] Cells that can be used with the disclosed methods
are described in the previous section. Said treatment can be
used to treat patients diagnosed with cancer, viral infection,
autoimmune disorders. Cancers that may be treated include
tumors that are not vascularized, or not yet substantially
vascularized, as well as vascularized tumors. The cancers
may comprise nonsolid tumors (such as hematological
tumors, for example, leukemias and lymphomas) or may
comprise solid tumors. Types of cancers to be treated with
the allogeneic T-cell resistant to drugs 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., sarco-
mas, carcinomas, and melanomas. Adult tumors/cancers and
pediatric tumors/cancers are also included. In an embodi-
ment of the present invention, childhood acute lymphoblas-
tic leukemia (ALL) and amyotrophic myeloma leukemia
(AML) diseases are typically treated by allogeneic drug
resistant T-cells according to the invention. This can be
achieved by using drug resistant KO TRAC CD19* CAR
T-cells and drug resistant KO TRAC CD123* T-cells respec-
tively.

[0107] It can be a treatment in combination with one or
more therapies against cancer selected from the group of
antibodies therapy, chemotherapy, cytokines therapy, den-
dritic cell therapy, gene therapy, hormone therapy, laser light
therapy and radiation therapy.

[0108] According to a preferred embodiment of the inven-
tion, said treatment is administrated into patients undergoing
an immunosuppressive treatment. The present invention
preferably relies on cells or population of cells, which have
been made resistant to at least one drug agent according to
the present invention due to either expression of a drug
resistance gene or the inactivation of a drug sensitizing gene.
In this aspect, the drug treatment should help the selection
and expansion of the T-cells according to the invention
within the patient.

[0109] 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 transplan-
tation. The compositions described herein may be adminis-
tered to a patient subcutaneously, intradermaliy, intratumor-
ally, intranodally, intramedullary, intramuscularly,
intracranially, by intravenous or intralymphatic injection, or

(b) Administrating said cells to said patient.
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intraperitoneally. In one embodiment, the cell compositions
of the present invention are preferably administered by
intravenous injection.

[0110] The administration of the cells or population of
cells can consist of the administration of 10°-10'° cells per
kg body weight, preferably 10° to 10° 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 adminis-
trated as more than one dose over a period time. Timing of
administration is within the judgment of managing physi-
cian 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.

[0111] In another embodiment, said effective amount of
cells or pharmaceutical composition comprising those cells
are administrated parenterally. Said administration can be an
intravenous administration. Said administration can be
directly done by injection within a tumor.

[0112] In certain embodiments of the present invention,
cells are administered 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 inter-
leukin-2, Cytarabine (also known as ARA-C) or nataliz-
iimab 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
used in combination with chemotherapy, radiation, immu-
nosuppressive 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, ste-
roids, FR901228, cytokines, and irradiation. These drugs
inhibit either the calcium dependent phosphatase calcineurin
(cyclosporine and FK506) or inhibit the p70S6 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 administered to a patient in con-
junction 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 anti-
bodies such as OKT3 or CAMPATH, In another embodi-
ment, the cell compositions of the present invention are
administered 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 receive an infusion of the expanded
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immune cells of the present invention. In an additional
embodiment, expanded cells are administered before or
following surgery.

Pharmaceutical Composition

[0113] The isolated T-cells of the present invention may be
administered either alone, or as a pharmaceutical composi-
tion in combination with diluents and/or with other compo-
nents such as IL-2 or other cytokines or cell populations.
Briefly, pharmaceutical compositions of the present inven-
tion may comprise T-cells as described herein, in combina-
tion with one or more pharmaceutically or physiologically
acceptable carriers, diluents or excipients. Such composi-
tions may comprise buffers such as neutral buffered saline,
phosphate buffered saline and the like; carbohydrates such
as glucose, mannose, sucrose or dextrans, mannitol; pro-
teins; polypeptides or amino acids such as glycine; antioxi-
dants; chelating agents such as EDTA or glutathione; adju-
vants (e.g. aluminum hydroxide); and preservatives.
Compositions of the present invention are preferably for-
mulated for intravenous administration. Pharmaceutical
compositions of the present invention may be administered
in a manner appropriate to the disease to be treated (or
prevented). The quantity and frequency of administration
will be determined by such factors as the condition of the
patient, and the type and severity of the patient’s disease,
although appropriate dosages may be determined by clinical
trials.

Method for Testing Cytoxicity of Isolated CAR T Cells and
a Kit for its Use

[0114] Another embodiment of the invention encompasses
a method for testing cytotoxicity of isolated Chimeric Anti-
gen Receptor (CAR) T cells such as described previously
towards drug resistant target cells; both said isolated CAR T
cells expressing a Chimeric Antigen Receptor (CAR) and
target cells expressing at least a particular surface antigen
(and optionally a marker gene such as luciferase), compris-
ing:

[0115] (a) Preparing both said population of T-cells and
target cells;

[0116] (b) Incubating said T-cells population with at
least said specific target cells;

[0117] (c) Determining the viability rate of said specific
target cells.

[0118] The resistance gene can be chosen amongst those
presented in a precedent section. Preferably, said resis-
tance gene is dCK.

[0119] The surface antigen to be chosen in the present
invention is one which can be expressed in T cells by
Chimeric Antigen Receptors (CAR), and depends to the cell
to be targeted and is usually specific to cancerous cells.
Preferably, the surface antigen to be used in the CAR T cell
is CD19, as this antigen appears to be expressed specifically
in certain lymphomas or leukemias such as acute lympho-
cytic leukemia (ALL).

[0120] Finally, the present invention concerns a kit for
performing method for testing cytotoxicity of a CAR T cell
with respect to a target cell, comprising:

[0121] (d) Said T cells population endowed with a CAR
specific for an antigen;

[0122] (e) Said target cells expressing said antigen;

[0123] (f) Optionally a culture medium;
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both T cells and target cells having been made resistant to
chemotherapy drugs according to the invention.

[0124] The present application does not only seek protec-
tion for a general method for engineering T-cells resistant to
purine nucleotide analogs (PNA) drugs and 6TG. It is more
broadly drawn to methods of obtaining T-cells, which are
both resistant to chemotherapy drugs and allogeneic, encom-
passing at least one of the following objects:

[0125] 1) A method of engineering allogeneic and drug
resistant T-cells for immunotherapy comprising:
[0126] (a) Providing a T-cell;

[0127] D) Selecting at least one chemotherapy drug,
said T-cell is sensitive to;

[0128] (c) Modifying said T-cell by inactivating at
least one gene encoding a T-cell receptor (TCR)
component;

[0129] (d) Modifying said T-cell to confer drug resis-
tance to said chemotherapy drug;

[0130] (e) Expanding said engineered T-cell, option-
ally in in the presence of said drug.

[0131] 2) The method of claim 1 wherein at least one
gene encoding a TCR component is inactivated by
expressing a rare-cutting endonuclease able to cleave a
target sequence within at least one gene encoding a
TCR component.

[0132] 3) The method of claim 1 or 2 wherein said drug
resistance is conferred to the T-cell by inactivating at
least one drug sensitizing gene.

[0133] 4) The method of claim 3 wherein said drug
sensitizing gene is inactivated by expressing a rare-
cutting endonuclease able to cleave a target sequence
within said drug sensitizing gene.

[0134] 5) The method of claim 4 wherein said rare-
cutting endonuclease is a TALE-nuclease.

[0135] 6) The method of claims 3 to 5 wherein said drug
sensitizing gene is dCK.

[0136] 7) The method of claim 6 wherein dCK gene is
inactivated by TALE-nucleases.

[0137] 8) The method of claim 7 wherein TALE-nucle-
ases dCK gene inactivation is performed by using the
TALE-nucleases of SEQ ID No 63 and SEQ ID No 64,
and the dCK target sequence is SEQ ID No 62.

[0138] 9) The method of claims 3 to 5 wherein said drug
sensitizing gene is HPRT.

[0139] 10) The method of claim 1 wherein said drug
resistance is conferred to the T-cell by expressing at
least one drug resistance gene.

[0140] 11) The method of claim 10 wherein said drug
resistance gene is a mutated dihydrofolate reductase
(DHFR) protein which confers resistance to an anti-
folate treatment, preferably methotrexate (MTX).

[0141] 12) The method of claim 11 wherein said
mutated DHFR comprises at least one amino acid
mutation at position selected from the group consisting
of: G15, L22, F31, or F34 in the SEQ ID NO: 14.

[0142] 13) The method of claim 12 wherein said
mutated DHFR comprises two amino acid mutations in
position .22 and F31 in the SEQ ID NO: 14.

[0143] 14) The method of claim 10 wherein said drug
resistance gene is a mutated inosine-5'-monophosphate
deshydrogenase 11 (IMPDH2) which confers resistance
to an IMPDH inhibitor, preferably mycophenolate
mofetil (MMF).
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[0144] 15) The method of claim 14 wherein said
mutated IMPDH2 comprises at least one amino acid
mutation at position T333 and/or 5351 in SEQ ID NO:
15.

[0145] 16) The method of claim 10 wherein said drug
resistance gene is a mutated calcineurin (CN) heterodi-
mer a and/or b which confers resistance to calcineurin
inhibitor, preferably FK506 and/or CsA.

[0146] 17) The method of claim 16 wherein said
mutated calcineurin heterodimer a comprises at least
one amino acid mutation at position selected from the
group consisting of: V314, Y341, M347, T351, W352,
1354 and K360 in SEQ ID NO: 16.

[0147] 18) The method of claim 17 wherein said
mutated calcineurin heterodimer a comprises amino
acid mutations at positions: T351 and 1.354 in SEQ ID
NO: 16.

[0148] 19) The method of claim 17 wherein said
mutated calcineurin heterodimer a comprises amino
acid mutations at positions: V314 and Y341 in SEQ ID
NO: 17.

[0149] 20) The method of claim 16 wherein said
mutated calcineurin heteromdimer b comprises at least
one amino acid mutation at position selected from the
group consisting of: V120, N123, [.124 and K125 in
SEQ ID NO: 17.

[0150] 21) The method of claim 20 wherein said
mutated calcineurin heterodimer b comprises amino
acid mutations in positions: [.124 and K125 of SEQ ID
NO: 17.

[0151] 22) The method according to any one of claims
10 to 21 wherein said drug resistance gene is expressed
in the T-cell by introducing into the T-cell a transgene
encoding said drug resistance gene.

[0152] 23) The method according to any one of claims
10 to 21 wherein said drug resistance gene is expressed
in the T-cell, by introducing into the T-cell a donor
matrix which comprises at least one homologous
sequence of an endogenous gene and a sequence encod-
ing drug resistance gene such that homologous recom-
bination occurs between endogenous genes and said
donor matrix.

[0153] 24) The method of claim 23 further comprising
introducing a rare-cutting endonuclease into the T-cell
able to selectively cleave a target sequence within said
endogenous gene, such that homologous recombination
rate is stimulated.

[0154] 25) The method according to claim 24, wherein
said rare-cutting endonuclease is a TALE-nuclease.
[0155] 26) The method according to any one of claims
1 to 25 further comprising expressing in the T-cell a

Chimeric Antigen Receptor.

[0156] 27) The method according to any one of claims
1 to 26 said Chimeric Antigen Receptor is CD19+ or
CD123+.

[0157] 28) The Method according to any one of claims
1 to 27 further comprising inactivating an immune-
checkpoint gene.

[0158] 29) The method according to any one of claims
1 to 28, wherein said engineered T-cells are expanded
in patient’s blood.

[0159] 30) The method according to any one of claims
1 to 28, wherein said engineered T-cells are expanded
in-vitro.
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[0160] 31) The method according to any one of claims
1 to 30, wherein said engineered T-cells are expanded
in presence of said drug.

[0161] 32) An isolated T-cell or cell line obtainable
from the method of any one of claims 1 to 31.

[0162] 33) An isolated T-cell resistant to a drug which
comprises at least one disrupted gene encoding a T-cell
Receptor component.

[0163] 34) The isolated T-cell of claim 33 expressing at
least one drug resistance gene.

[0164] 35) The isolated T-cell of claim 33 wherein said
drug resistance gene is selected from the group con-
sisting of® ble gene, mcrA gene and genes encoding
mutant DHFR, mutant IMPDH2, mutant calcineurin
and mutant AGT.

[0165] 36) The isolated T-cell of claim 33 comprising at
least one disrupted drug sensitizing gene, preferably
HPRT gene.

[0166] 37) The isolated T-cell of any one of claims 32
to 36 wherein said isolated T-cell is endowed with a
Chimeric Antigen Receptor (CAR) specific for an anti-
gen.

[0167] 38) The isolated T-cell of claim 37 wherein said
CAR target CD19+ cells or CD123+ cells;

[0168] 39) An isolated T-cell according to any one of
claims 32 to 38 for its use as a medicament.

[0169] 40) An isolated T-cell according to any of claims
32 to 39 for treating a cancer, an auto-immune condi-
tion or an infection by a pathogen.

[0170] 41) An isolated T-cell according to claim 40 for
its use as a treatment of acute lymphoblasic leukemia
(ALL) or amyotrophic myeloma leukemia (AML).

[0171] 42) A pharmaceutical composition comprising at
least one isolated T-cell according to any one of claims
32 to 41.

[0172] 43) A method for treating a patient in need
thereof comprising:

[0173] (a) Preparing a population of T-cells accord-
ing to the method of any one of claims 1 to 27,
[0174] (b) Administrating said transformed T-cells to

said patient.

[0175] 44) The method according to claim 36 wherein
said patient is being treated with said drug used in the
method of claims 1 to 31.

[0176] 45) Method for testing cytotoxicity of isolated
Chimeric Antigen Receptor (CAR) T cells according to
any one of claims 32 to 41 on drug resistant target cells;
both said isolated CAR T cells expressing a Chimeric
Antigen Receptor (CAR) and target cells expressing at
least a particular surface antigen (and optionally a
marker gene such as luciferase), comprising:

[0177] (a) Preparing both said population of T-cells
and target cells;

[0178] (b) Incubating said T-cells population with at
least said specific target cells;

[0179] (c) Determining the viability rate of said spe-
cific target cells.

[0180] 46) A method of claim 45, wherein the said
resistance gene is dCK.

[0181] 47) A method of claim 44 or claim 45 wherein
said surface antigen is CD19.

[0182] 48) A method of claim 47 wherein said target is
CD19+ Luciferase+ Daudi cells.
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[0183] 49) A kit for performing method for testing
cytotoxicity of a CAR T cell with respect to a target
cell, comprising:

[0184] (a) a T cells population endowed with a CAR
specific for an antigen;
[0185] (b) target cells expressing said antigen;
said both T cells and target cells having been made resistant
to a chemotherapy drug.

DEFINITIONS

[0186] In the description above, a number of terms are
used extensively. The following definitions are provided to
facilitate understanding of the present embodiments.

[0187] Amino acid residues in a polypeptide sequence
are designated herein according to the one-letter code,
in which, for example, Q means Gln or Glutamine
residue, R means Arg or Arginine residue and D means
Asp or Aspartic acid residue.

[0188] 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, aort, vrepresents g, a or ¢, b represents g, t or ¢, h
represents a, t or ¢, and n represents g, a, t or c.

[0189] As used herein, “nucleic acid” or “nucleic acid
molecule” 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 nucleo-
tides), or a combination of both. Nucleic acids can be
either single stranded or double stranded.

[0190] 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 spe-
cific protein or segment of protein, small RNA and the
like. A gene typically includes a promoter, a 5' untrans-
lated region, one or more coding sequences (exons),
optionally introns, a 3' untranslated region. The gene
may further comprise a terminator, enhancers and/or
silencers.

[0191] The term “transgene” means a nucleic acid
sequence (encoding, e.g. one or more polypeptides),
which is partly or entirely heterologous, i.e. foreign, to
the host cell into which it is introduced, or, is homolo-
gous to an endogenous gene of the host cell into which
it is introduced, but which can be designed to be
inserted, or can be inserted, into the cell genome in such
a way as to alter the genome of the cell into which it is
inserted (e.g. it is inserted at a location which differs
from that of the natural gene or its insertion results in
a knockout). A transgene can include one or more
transcriptional regulatory sequences and any other
nucleic acid, such as introns, that may be necessary for
optimal expression of the selected nucleic acid encod-
ing polypeptide. The polypeptide encoded by the trans-
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gene can be either not expressed, or expressed but not
biologically active, in cells in which the transgene is
inserted.

[0192] By “genome” it is meant the entire genetic
material contained in a cell such as nuclear genome,
chloroplastic genome, mitochondrial genome.

[0193] By “mutation” is intended the substitution, dele-
tion, insertion of one or more nucleotides/amino acids
in a polynucleotide (cDNA, gene) or a polypeptide
sequence. Said 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.

[0194] 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 endo-
nuclease, 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. The
endonuclease according to the present invention rec-
ognizes and cleaves nucleic acid at specific polynucle-
otide sequences, further referred to as “target
sequence”. The rare-cutting endonuclease can recog-
nize and generate a single- or double-strand break at
specific polynucleotides sequences.

[0195] In a particular embodiment, said rare-cutting endo-
nuclease according to the present invention can be a Cas9
endonuclease. Indeed, recently a new genome engineering
tool has been developed based on the RNA-guided Cas9
nuclease (Gasiunas, Barrangou et al. 2012; Jinek, Chylinski
et al. 2012; Cong, Ran et al. 2013; Mali, Yang et al. 2013)
from the type II prokaryotic CRISPR (Clustered Regularly
Interspaced Short palindromic Repeats) adaptive immune
system (see for review (Sorek, Lawrence et al. 2013)). The
CRISPR Associated (Cas) system was first discovered in
bacteria and functions as a defense against foreign DNA,
either viral or plasmid. CRISPR-mediated genome engineer-
ing first proceeds by the selection of target sequence often
flanked by a short sequence motif, referred as the proto-
spacer adjacent motif (PAM). Following target sequence
selection, a specific crRNA, complementary to this target
sequence is engineered. Trans-activating crRNA (tracrRNA)
required in the CRISPR type II systems paired to the crRNA
and bound to the provided Cas9 protein. Cas9 acts as a
molecular anchor facilitating the base pairing of tracRNA
with cRNA (Deltcheva, Chylinski et al. 2011). In this ternary
complex, the dual tracrRNA:crRNA structure acts as guide
RNA that directs the endonuclease Cas9 to the cognate target
sequence. Target recognition by the Cas9-tracrRNA:crRNA
complex is initiated by scanning the target sequence for
homology between the target sequence and the crRNA. In
addition to the target sequence-crRNA complementarity,
DNA targeting requires the presence of a short motif adja-
cent to the protospacer (protospacer adjacent motif—PAM).
Following pairing between the dual-RNA and the target
sequence, Cas9 subsequently introduces a blunt double
strand break 3 bases upstream of the PAM motif (Garneau,
Dupuis et al. 2010). In the present invention, guide RNA can
be designed for example to specifically target a gene encod-
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ing a TCR component. Following the pairing between the
guide RNA and the target sequence, Cas9 induce a cleavage
within TCR gene.

[0196] 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 endonu-
clease, to a HNH endonuclease, or to a GIY-YIG endonu-
clease. Preferred homing endonuclease according to the
present invention can be an I-Crel 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 inter-
national application WO2006/097854).

[0197] Said rare-cutting endonuclease can be a modular
DNA binding nuclease. By modular DNA binding nuclease
is meant any fusion proteins comprising at least one catalytic
domain of an endonuclease and at least one DNA binding
domain or protein specifying a nucleic acid target sequence.
The DNA binding domain is generally a RNA or DNA-
binding domain formed by an independently folded poly-
peptide or protein domain that contains at least one motif
that recognizes double- or single-stranded polynucleotides.
Many such polypeptides have been described in the art
having the ability to bind specific nucleic acid sequences.
Such binding domains often comprise, as non limiting
examples, helix-turn helix domains, leucine zipper domains,
winged helix domains, helix-loop-helix domains, HMG-box
domains, Immunoglobin domains, B3 domain or engineered
zinc finger domain.

[0198] According to a preferred embodiment of the inven-
tion, the DNA binding domain is derived from a Transcrip-
tion Activator like Effector (TALE), wherein sequence
specificity is driven by a series of 33-35 amino acids repeats
originating from Xanthomonas or Ralstonia bacterial pro-
teins. 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 require-
ment of a first thymine base (T,) of the targeted sequence
and a C-terminal domain that containing a nuclear localiza-
tion 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 recogni-
tion of one nucleotide of said TALE binding site sequence;
equivalent two critical amino acids can be located at posi-
tions 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 nucleo-
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tides 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 par-
ticular 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 trun-
cated 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.

[0199] Other engineered DNA binding domains are modu-
lar base-per-base specific nucleic acid binding domains
(MBBBD) (PCT/US2013/051783). Said MBBBD can be
engineered, for instance, from the newly identified proteins,
namely EAV36_BURRH, ESAW43_BURRH, ESAW45_
BURRH and ESAW46_BURRH proteins from the recently
sequenced genome of the endosymbiont fungi Burkholderia
Rhizoxinica (Lackner, Moebius et al. 2011). MBBBD pro-
teins 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, whereas they present more polypeptides sequence
variability. When they are assembled together, these modu-
lar polypeptides can although target specific nucleic acid
sequences in a quite similar fashion as Xanthomonas TALE-
nucleases. According to a preferred embodiment of the
present invention, said DNA binding domain is an engi-
neered MBBBD binding domain comprising between 10
and 30 modules, preferably between 16 and 20 modules. The
different domains from the above proteins (modules, N and
C-terminals) from Burkholderia and Xanthomonas are use-
ful to engineer new proteins or scaffolds having binding
properties to specific nucleic acid sequences. In particular,
additional N-terminal and C-terminal domains of engineered
MBBBD can be derived from natural TALE like AvrBs3,
PthXo1, AvrHahl, PthA, Tallc as non-limiting examples.

[0200] “TALE-nuclease” or “MBBBD-nuclease” refers
to engineered proteins resulting from the fusion of a
DNA binding domain typically derived from Transcrip-
tion Activator like Effector proteins (TALE) or
MBBBD binding domain, with an endonuclease cata-
Iytic domain. Such catalytic domain is preferably a
nuclease domain and more preferably a domain having
endonuclease activity, like for instance I-Tevl, ColE7,
NucA and Fok-I. In a particular embodiment, said
nuclease is a monomeric TALE-Nuclease or MBBBD-
nuclease. A monomeric Nuclease is a nuclease that
does not require dimerization for specific recognition
and cleavage, such as the fusions of engineered DNA
binding domain with the catalytic domain of I-Tevl
described in W0O2012138927. In another particular
embodiment, said rare-cutting endonuclease is a
dimeric TALE-nuclease or MBBBD-nuclease, prefer-
ably comprising a DNA binding domain fused to Fokl.
TALE-nuclease have been already described and used
to stimulate gene targeting and gene modifications
(Boch, Scholze et al. 2009; Moscou and Bogdanove
2009; Christian, Cermak et al. 2010). Such engineered
TALE-nucleases are commercially available under the
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trade name TALEN™ (Cellectis, 8 rue de la Croix
Jarry, 75013 Paris, France).

[0201] 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.

[0202] By “chimeric antigen receptor” (CAR) it is
meant a chimeric receptor which comprises an extra-
cellular ligand-binding domain, a transmembrane
domain and a signaling transducing domain.

[0203] 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-bind-
ing domain may be chosen to recognize a ligand that
acts as a cell surface marker on target cells associated
with a particular disease state.

[0204] In a preferred embodiment, said extracellular
ligand-binding domain comprises a single chain antibody
fragment (scFv) comprising the light (V) and the heavy
(V) variable fragment of a target antigen specific mono-
clonal antibody joined by a flexible linker. In a preferred
embodiment, said scFV is derived from a CD19 or a CD123
antibody. Preferably, said scFV of the present invention
comprises a scFV derived from a CD19 monoclonal anti-
body 4G7 (Peipp, Saul et al. 2004)

[0205] The signal transducing domain or intracellular
signaling domain of the CAR according to the present
invention is responsible for intracellular signaling fol-
lowing the binding of extracellular ligand binding
domain to the target resulting in the activation of the
immune cell and immune response. Preferred examples
of signal transducing domain for use in a CAR can be
the cytoplasmic sequences of the T-cell receptor and
co-receptors that act in concert to initiate signal trans-
duction following antigen receptor engagement. Signal
transduction domain comprises two distinct classes of
cytoplasmic signaling sequence, those that initiate anti-
gen-dependent primary activation, and those that act in
an antigen-independent manner to provide a secondary
or co-stimulatory signal. Primary cytoplasmic signal-
ing sequence can comprise signaling motifs which are
known as immunoreceptor tyrosine-based activation
motifs of ITAMs. In particular embodiment the signal
transduction domain of the CAR of the present inven-
tion 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. Co-stimu-
latory molecules include, but are not limited to an MHC
class 1 molecule, BTLA and Toll ligand receptor.
Examples of costimulatory molecules include CD27,
CD28, CD8, 4-1BB (CD137), 0X40, CD30, CD40,
PD-1, ICOS, lymphocyte function-associated antigen-1
(LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3 and a
ligand that specifically binds with CD83 and the like.
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[0206] The CAR according to the present invention is
expressed on the surface membrane of the cell. Thus, the
CAR can comprise a transmembrane domain. The distin-
guishing features of appropriate transmembrane domains
comprise the ability to be expressed at the surface of a cell,
preferably in the present invention an immune cell, in
particular lymphocyte cells or Natural killer (NK) cells, and
to interact together for directing cellular response of immune
cell against a predefined target cell. The transmembrane
domain can further comprise a stalk region between said
extracellular ligand-binding domain and said transmem-
brane domain. The term “stalk region” used herein generally
means any oligo- or polypeptide that functions to link the
transmembrane domain to the extracellular ligand-binding
domain. In particular, stalk region are used to provide more
flexibility and accessibility for the extracellular ligand-
binding domain. A stalk region may comprise up to 300
amino acids, preferably 10 to 100 amino acids and most
preferably 25 to 50 amino acids. Stalk region may be derived
from all or part of naturally occurring molecules, such as
from all or part of the extracellular region of CDS8, CD4 or
CD28, or from all or part of an antibody constant region.
Alternatively the stalk region may be a synthetic sequence
that corresponds to a naturally occurring stalk sequence, or
may be an entirely synthetic stalk sequence.

[0207] Downregulation or mutation of target antigens is
commonly observed in cancer cells, creating antigen-loss
escape variants. Thus, to offset tumor escape and render
immune cells more specific to target, the CD19 specific
CAR can comprise another extracellular ligand-binding
domains, to simultaneously bind different elements in target
thereby augmenting immune cell activation and function.
Examples of CD19 specific CAR are ScFv FMC63
(Kochenderfer J N, Wilson W H, Janik J E, et al. Eradication
of B-lineage cells and regression of lymphoma in a patient
treated with autologous T cells genetically engineered to
recognize CD19. Blood 2010; 116(20):4099-410) or ScFv
4G7 CAR (described in the application filed under the
number PCT/EP2014/059662). In one embodiment, the
extracellular ligand-binding domains can be placed in tan-
dem on the same transmembrane polypeptide, and option-
ally can be separated by a linker. In another embodiment,
said different extracellular ligand-binding domains can be
placed on different transmembrane polypeptides composing
the CAR. In another embodiment, the present invention
relates to a population of CARs comprising each one dif-
ferent extracellular ligand binding domains. In a particular,
the present invention relates to a method of engineering
immune cells comprising providing an immune cell and
expressing at the surface of said cell a population of CAR
each one comprising different extracellular ligand binding
domains. In another particular embodiment, the present
invention relates to a method of engineering an immune cell
comprising providing an immune cell and introducing into
said cell polynucleotides encoding polypeptides composing
a population of CAR each one comprising different extra-
cellular ligand binding domains. By population of CARs, it
is meant at least two, three, four, five, six or more CARs
each one comprising different extracellular ligand binding
domains. The different extracellular ligand binding domains
according to the present invention can preferably simulta-
neously bind different elements in target thereby augmenting
immune cell activation and function. The present invention
also relates to an isolated immune cell which comprises a
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population of CARs each one comprising different extracel-
lular ligand binding domains.

[0208] The terms “vector” refer to a nucleic acid mol-
ecule 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 autono-
mous 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.

[0209] By “delivery vector” 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, poly-
meric carriers, lipoplexes, polyplexes, dendrimers,
microbubbles (ultrasound contrast agents), nanopar-
ticles, emulsions or other appropriate transfer vectors.

[0210] Viral vectors include retrovirus, adenovirus, par-
vovirus (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, fowl-
pox and canarypox). Other viruses include Norwalk
virus, togavirus, flavivirus, reoviruses, papovavirus,
hepadnavirus, and hepatitis virus, for example.
Examples of retroviruses include: avian leukosis-sar-
coma, 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).

[0211] By “lentiviral vector” is meant HIV-Based len-
tiviral 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 medi-
ated 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 “integra-
tive 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 effi-
cient gene delivery vectors that do not integrate the
genome of a target cell through the action of the virus
integrase.

[0212] By cell or cells is intended any eukaryotic living
cells, primary cells and cell lines derived from these
organisms for in vitro cultures.

[0213] 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. As
non limiting examples cell lines can be selected from
the group consisting of CHO-K1 cells; HEK293 cells;
Caco2 cells; U2-OS cells; NIH 3T3 cells; NSO cells;
SP2 cells; CHO-S cells; DG44 cells; K-562 cells,
U-937 cells; MRCS5 cells; IMR90 cells; Jurkat cells;
HepG2 cells; Hela cells; HT-1080 cells; HCT-116
cells; Hu-h7 cells; Huvec cells; Molt 4 cells.

[0214] Because some variability may arise from the
genomic data from which these polypeptides derive,
and also to take into account the possibility to substitute
some of the amino acids present in these polypeptides
without significant loss of activity (functional variants),
the invention encompasses polypeptides variants of the
above polypeptides that share at least 70%, preferably
at least 80%, more preferably at least 90% and even
more preferably at least 95% identity with the
sequences provided in this patent application.

[0215] The present invention is thus drawn to polypeptides
comprising a polypeptide sequence that has at least 70%,
preferably at least 80%, more preferably at least 90%, 95%
97% or 99% sequence identity with amino acid sequence
selected from the group consisting of SEQ ID NO: 8 to SEQ
ID NO: 20 and SEQ ID NO: 26 to SEQ ID NO: 35.

[0216] “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 com-
parison. When a position in the compared sequence is
occupied by the same base, 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 at positions shared by the nucleic acid
sequences. Various alignment algorithms and/or pro-
grams 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;

[0217] <<knockout>> means that the gene is mutated to
that extend it cannot be expressed;

[0218] “TRAC” refers to “T cell receptor alpha con-
stant>> and corresponds to TCRa subunit constant
gene.
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[0219] In addition to the preceding features, the invention
comprises further features which will emerge from the
following examples illustrating the method of engineering
allogeneic and resistant T-cells for immunotherapy, as well
as to the appended drawings.

Example 1

Generation and Characterization of Clofarafine
Resistant T Cells

TALE-Nuclease-Mediated Inactivation of dCK

[0220] To inactivate dCK, two pairs of dCK TALE-nucle-
ases were designed, assembled and validated by sequencing;
subsequent work was performed only with the pair named
TALE-nuclease dCK2 and having SEQ ID NO:63 and SEQ
ID NO:64. The details regarding the dCK gene overall
architecture (exons and introns) and the sequences of TALE-
nuclease target sites located in the exon 2 are indicated in
FIG. 3.

[0221] The dCK target sequence for the TALE-nuclease
dCK2 pair corresponds to SEQ ID No 62.

[0222] Once validated, mRNAs encoding the two TALE-
nucleases were produced, polyadenylated and used to elec-
troporate T cells using pulse agile technology (5 or 10 pg of
TALE-nuclease mRNA left and right were used) such as
described in the WO 2013/176915. A cold temperature
shock was performed by incubating T cells at 30° C.
immediately after electroporation and for 24 hours. A reac-
tivation (12.5 pl beads/10° cells) was performed at DS (8
days after the electroporation).

[0223] The resulting T cells were allowed to grow and
eventually characterized genotypically (by Endo T7 assay
and deep sequencing at dCK and TRAC loci) as well as
phenotypically. Their phenotypical characterization con-
sisted of (i), checking their ability to grow in the presence or
absence of drug (ii), determining the IC;, of PNAs, clofara-
bine and fludarabine, toward T cells and (iii), determining
the extent of TRAC inactivation by FACS analysis when
double KO is performed.

Genotypic Characterization of dCK KO T Cells

[0224] To assess the efficiency of dCK gene inactivation,
cells transfected with either 5 or 10 ug of TALE-nuclease
mRNA were grown for 4 days (D4, 4 days after electropo-
ration) and collected to perform T7 assays at the dCK locus
(FIG. 5).

[0225] The sequences for the primers used in these T7
assays correspond to the SEQ ID No 68 and SEQ ID No 69.
The T7 assay protocol is described in Reyon, D., Tsai, S. Q.,
Khayter, C., Foden, J. A., Sander, J. D., and Joung, J. K.
(2012) FLASH assembly of TALE-nucleases for high-
throughput genome editing. Nat Biotechnologies.

[0226] The results from this endo T7 assay show that,
when 5 and 10 pg of left and right dCK2 TALE-nuclease
were transfected, significant gene processing indicating that
dCK is efficiently inactivated.

Determination of Growth Rate of dCK KO T Cells

[0227] As presented in FIG. 6, dCK KO cells display
similar growth rate with respect to WT cells. In addition,
they could be reactivated at D8 with the same efficiency than
WT T cells.
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Selection of dCK KO T Cell in the Presence of Clofarabine

[0228] dCK KO or WT T cells were allowed to grow from
D8 to D13 and then incubated with or without 1 uM
clofarabine until D18. Cells were collected at D8 (before
drug addition) and at D18 (after drug incubation) and were
used to perform an endo T7 assay.

[0229] The results presented in FIG. 7 show that the
presence of 1 uM clofarabine in the media at D18, selec-
tively enriched dCK KO T cells when compared to the WT
T-cell (2 bands of lower molecular weight for the dCK KO
T-cell compared to a single band of higher molecular weight
for the WT T-cells). This indicated that TALE-nuclease-
mediated inactivation of dCK allows selection of drug
resistant T cells over WT T cells. Thus, dCK KO T cells are
able to resist to the presence of 1 uM clofarabine which
corresponds to a clinically relevant dose for the treatment of
acute lymphoblastic leukemia (ALL) according to the C,, .
reported by European Medecines Agency (EMA).

Determination of IC50 for Clofarabine on dCK KO T Cells
Versus WT T Cells

[0230] To further investigate the ability of T cells to resist
to clofarabine, IC50 for this drug was determined on dCK
KO and WT T cells. The cells were collected 3 days after
transfection were incubated for 2 days in the presence of
increasing concentration of clofarabine (0 to 10 uM). At the
end of clofarabine incubation, viability of T cells was
determined by FACS analysis2.

[0231] The results presented in FIG. 8 show clearly that
the processing of dCK gene mediated by TALE-nucleases
efficiently inactivates dCK activity in T cells. Such inacti-
vation correlates to clofarabine resistance, contrasting with
the sensitivity of WT T cells. The IC50 values (amount of
drug to add in the media to decrease cell viability to 50%)
correspond respectively to about 100 nM and 10 uM for WT
and dCK KO T cells.

[0232] Altogether, this first set of data allows to conclude
that TALE-nuclease-mediated inactivation of dCK gene is
efficient. Inactivation of dCK doesn’t impair the growth rate
of engineered T cells while enabling them to resist to
clinically relevant dose of clofarabine.

Example 2

Generation and Characterization of Clofarabine
Resistant Allogeneic T Cells

[0233] To develop and manufacture clofarabine resistant
allogeneic CAR T cells, dCK and TRAC genes are inacti-
vated simultaneously. After having demonstrated in
Example 1 that dCK inactivation was successful, TRAC/
dCK double KO T cells were generated and characterized.
Two workflows presented in FIG. 9 were followed in
parallel. One of them corresponds to a period of 5 days
incubation of cells in the presence of clofarabine.

Genotypic Characterization

[0234] To first assess the efficiency as well as the kinetic
of TRAC and/or dCK gene inactivations, transfected cells
were grown for 6 days and collected at D1, D3 and D6 to
perform T7 assays at the dCK and TRAC loci. To achieve
that, 2 pairs primers having respectively SEQ ID No 68 and
No 69; and SEQ ID No 70 and No 71 were used in the T7
assays for the dCK and TRAC loci.

Dec. 15,2016

[0235] The protocol used in the one described in Reyon,
D., Tsai, S. Q., Khayter, C., Foden, J. A., Sander, J. D., and
Joung, J. K. (2012) FLASH assembly of TALE-nucleases
for high-throughput genome editing. Nat Biotechnol
[0236] The results presented in FIG. 10 show that TALE-
nuclease-mediated single TRAC and dCK KO are highly
efficient even at D1. Even though double KO cells couldn’t
have been characterized as homogeneous population, it
appears that the TRAC/dCK double KO is also highly
efficient.

[0237] The cells were then grown in the presence or in the
absence of 1 uM clofarabine. At D6 (six days after the
transfection) and after 3 days of culture in the presence or in
the absence of clofarabine, cells were collected and dCK KO
efficiency was determined by endo T7 assay and high
throughput DNA sequencing.

[0238] The protocol used for deep sequencing is described
in Shendure, J., & Ji, H. (2008). Next-generation DNA
sequencing. Nature biotechnology, 26(10), 1135-1145.
[0239] The results presented in FIG. 11 show that the
frequency of indels generated at the dCK locus is around
80-90% in all the experiments. This indicated once again
that TALE-nuclease-mediated inactivation of dCK is highly
efficient, even when it is combined with a simultaneous
TRAC inactivation. The presence of 1 uM clofarabine in the
culture media for 5 days does not increase the dCK KO-
specific T7 band as seen in the first set of experiments. This
suggested that in this particular experiment, dCK inactiva-
tion was successful enough to allow engineered T cells to
grow in the presence of clofarabine. Interestingly, this
indicated that if dCK KO is efficient enough, there is no need
to select T cells in the presence of clofarabine to get drug
resistant T cells. Therefore, this feature represents a clear
advantage in the manufacturing of drug resistant allogeneic
T cells.

Phenotypic Assessment of TCAR KO Efficiency

[0240] TRAC KO T cells collected from for the double
KO experiment were analysed and purified by FACS (Clini-
MACS). The results presented in FIG. 12A show labeling
experiment of T cells with or without of anti TCR mAb-PE.
FIG. 12B relates also to mAb-PE labeling of T-cell in media
with or without clofarabine, before and after TRAC KO T
cells purification.

[0241] The results show that the efficiency of TCR KO is
high (around 85%) in T cells treated with TRAC and dCK
mRNA (dCK/TRAC double knock out). The method of
purification allows for efficient selection/purification of TCR
negative cells up to 99.3% of purity.

Phenotypic Characterization of TRAC/dCK KO T Cells

[0242] Growth rate of T-cells in the absence of clofarabine
is shown in FIG. 13. Even if KO dCK T display a slight
growth defect, these could be reactivated at D10 with the
same efficiency than WT T cells.

[0243] Growth rate of T-cells in the presence of Clofara-
bine is shown in FIG. 14. This experiment was performed on
double KO dCK/TCAR T CAR T-cells (FMC63 which is
described in patent application having the filing number
PCT/EP2014/059662.) by culturing these cells during 11
days in media having different clofarabine (from 0.1 pM to
10 uM). The results presented in FIG. 14 show clearly that
cell expansion for the double KO dCK/TCAR CAR T-cells
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is correct up to the 1 uM clofarabine (which corresponds to
Cmax), even if the growth less marked than that of these
cells without drug.

Determination of IC50 for Clofarabine on Engineered T
Cells Versus WT T-Cells

[0244] To further investigate the ability of double KO T
cells to handle clofarabine, IC50 for this drug was deter-
mined. T cells were grown with or without clofarabine
between D3 and D8 (see workflow 2 in FIG. 9), then they
were incubated for 2 days (from D15 to D17) in media with
different concentrations of clofarabine. T cells viability was
then assessed by FACS analysis using the count bright kit.
[0245] The results presented FIG. 15 show that dCK and
dCK/TRAC KO T cells display a significant ability to resist
to clofarabine compared to negative control T cells and to
TRAC simple KO T cells. Noteworthy, cells selection by
using 1 uM clofarabine for 5 days between D3 and D8 (see
workflow 2 in FIG. 9) doesn’t improve their capacity to
resist to clofarabine. This suggests that the dCK inactivation
is efficient enough and that the 5 days incubation for drug
selection is not needed to obtain clofarabine resistant allo-
geneic CAR T cells.

Cytotoxicity of Drug Resistant Allogeneic CAR T Cells

[0246] The cytotoxicity assay was performed as follows:
10 CAR T cells (FMC63, see above for the reference) were
incubated with DAUDI cells (specific targets) and K562
cells (non specific targets) for 5 hours. Cells were then
collected and viability of DAUDI and K562 cells were
determinated by calculating the frequency of targeted cell
lysis.

[0247] The results presented in FIG. 16 show that dCK/
TRAC double KO CAR T cells display similar targeted
cytotoxicity than WT CAR T cells (35% of targeted cyto-
toxicity). This indicated that inactivation of dCK and TRAC
genes do not influence the cytotoxicity of CAR FMC63 T
cells.

[0248] These cells were then used to determined their
sensitivity for clofarabine and fludarabine as performed
before. The results presented in FIG. 17 show that dCK/
TRAC KO CAR T cells have a significant ability to resist to
clofarabine compared to CAR T cells negative control
(IC5,=500 nM and 0.1 nM respectively). Similar results
were obtained with fludarabine (IC5,=400 uM and 10 uM
for double KO CAR T cells and T CAR respectively).

Conclusions

[0249] Altogether, these experiments show that a simul-
taneous inactivation of dCK and TRAC genes is highly
efficient and allows to generate more than 70% of double
KO T cells with a single round of electroporation. Interest-
ingly, due to this high efficiency, there is no need for time
consuming selection step. Engineered T cells display
marked capacity to resist to clofarabine and remained at
their maximum of viability under the pressure of clinically
relevant clofarabine dose.

Example 3

Generation of Clofarabine-Resistant Daudi Cells

[0250] The objective is to prepare drug resistant CD19"/
Luc* Daudi target cells to assess the cytotoxicity of clofara-
bine resistant allogeneic CAR T cells.
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Genotypic Characterization of dCK KO Daudi Cells

[0251] dCK TALE-nuclease mRNA were prepared and
Daudi cells were electroporated by dCK TALE-nuclease
mRNA according to the protocols described in the WO2013/
176915.

[0252] An endo T7 assay has been performed to assess
dCK KO efficiency such as in Example 1. The analysis was
performed 2 days post transfection. The primers have SEQ
ID No 68 and No 69.

[0253] The results presented in FIG. 18 show a high
inactivation of dCK gene.

Phenotypic Characterization of dCK KO Daudi Cells

[0254] Daudi cells were cultured in media having different
concentrations of clofarabine (0; 0.1; 0.25; 0.5 and 1 uM) for
several days and counted at each passage.

[0255] The results presented in FIG. 19 show that dCK
KO Daudi cells were able to grow in the presence of up to
1 uM clofarabine. Their growth rate was similar to the one
of WT T cells grown in the absence of clofarabine suggest-
ing that dCK inactivation doesn’t impair the ability of Daudi
to grow. As expected, WT Daudi cells growth was clearly
impaired. This results demonstrate that dCK KO-CD19*-
Luc*-GFP™ cells were successtully generated.

Example 4

Generation and Characterization of 6TG Resistant
T Cells

[0256] To develop 6MP and 6TG resistant T cells (HPRT
KO T cells), HPRT gene was TALE-nuclease-mediated
inactivated as follows. Overall HPRT gene architecture
(exons and introns) and location of different TALE-nuclease
target sites are shown in FIG. 20.

TALE-Nuclease-Mediated Inactivation of HPRT Gene

[0257] The workflow used in this experiment to generate
and characterize HPRT single KO T cells is reported in FIG.
21. To inactivate the HPRT gene, 2 pairs of HPRT TALE-
nucleases was designed, assembled and wvalidated by
sequencing (for HPRT 1: SEQ ID No 74 and SEQ ID No 75;
for HPRT2: SEQ ID No 77 and SEQ ID No 78). The details
regarding the HPRT gene overall architecture (exons and
introns) and the location of TALE-nuclease target sites are
indicated in FIG. 20. The target sequences for HPRT1 and
HPRT?2 TALE-nucleases pairs correspond to SEQ ID No 76
and SEQ ID No 79 respectively.

Genotypic Characterization of HPRT KO T Cells

[0258] HPRT KO T cells were genotypically characterized
at D4 by an endo T7 assay showing HPRT gene inactivation
in T cells. The pair of primers used in this assay have SEQ
ID No 72 and SEQ ID No 73. The results presented in FIG.
22 show that the pair of HPRT TALE-nucleases was able to
highly efficiently process HPRT gene.

Growth Rate of HPRT KO T Cells

[0259] According to the results presented in FIG. 23, KO
HPRT cells show a growth rate similar to WT T cells despite
a bit lower for the TALE-nuclease HPRT2 pair (performed
with 10 pg of TALE-nuclease). Nevertheless, T cells inac-
tivated by 10 pg of TALE-nuclease HPRT2 pair were
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reactivated at D10 with the same efficiency than WT T cells,
indicating that HPRT inactivation doesn’t significantly
impair T cells growth. The TALE-nuclease HPRT1 pair was
chosen in the following experiments.

Selection of HPRT KO T Cells in the Presence of 6TG

[0260] HPRT KO or WT T cells were allowed to grow
from D8 to D13 and then incubated in the presence or in the
absence of 1 uM 6TG until D18 (workflow shown in FIG.
22). Cells were collected at D8 (before drug addition) and at
D18 (after drug incubation) and were used to perform an
endo T7 assay. The pair of primers used have the sequences
SEQ ID No 72 and SEQ ID No 73. The results presented in
FIG. 24 show that the presence of 1 uM 6TG in the media
allows the selective enrichment of HPRT KO T cells (as seen
by the less dense WT band in the presence of 6TG at D18).

Generation of HPRT KO CAR T Cells

[0261] To investigate the influence of HPRT inactivation
on cytotoxic activity of CAR T cells, T cells transduced with
CAR 4G7 lentiviral vector (such as described in the appli-
cation filed under the number PCT/EP2014/059662) were
electroporated with TALE-nuclease HPRT1 encoding
mRNA. All the experiments described below were per-
formed with engineered T cells generated without any 6TG
selection. The efficiency of HPRT processing was assessed
by endo T7 assay. The pair of primers used for this assay
correspond to SEQ ID No 72 and SEQ ID No 73. The results
presented in FIG. 25 show that HPRT gene was successfully
inactivated in the presence or in the absence of CAR 4G7.
A better inactivation of HPRT is obtained in T cells than in
CAR T cells.

Cytotoxic Properties of HPRT KO CAR-T Cells to Daudi
Cells

[0262] The cytotoxicity assay was performed as schemati-
cally represented in FIG. 27. A set of 10 CAR T cells are
incubated during 5 hours with Daudi cells (specific targets)
and K562 cells (non specific targets). Cells are then col-
lected and viability of Daudi and K562 cells were determi-
nated for calculating the frequency of targeted cell lysis. The
results presented in FIG. 26 show that HPRT KO CAR T
cells have a targeted cytotoxicity similar to that of WT CAR
T cells. This indicates that the inactivation of HPRT gene
does not influence the cytotoxicity of CAR 4G7 T cells.

Determination of IC50 for 6TG on Engineered T Cells
Versus WT T Cells

[0263] The results presented in FIG. 27 show that pro-
cessing of HPRT gene (as seen earlier by T7 assay) effi-
ciently inactivates HPRT activity in T cells. Such inactiva-
tion confers 6TG resistance that contrasts with the
sensitivity of WT T cells to this drug. IC50 can be approxi-
mately determined to 10 nM and >100 uM for WT and
HPRT KO T cells respectively.

Conclusion

[0264] Altogether, these results show that the inactivation
of HPRT gene is efficient. Such inactivation enables T cells
to resist to high dose of 6TG without the need to purify by
a time consuming process. It is shown also that HPRT
inactivation can be performed in CAR T cell to a slightly

Dec. 15,2016

lower extent. Such inactivation doesn’t impair the cytotoxic
properties of CAR T cells to Daudi cells.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 79

<210> SEQ ID NO 1

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within T cell receptor alpha
chain gene (TRAC_TO1)

<400> SEQUENCE: 1

ttgtcccaca gatatccaga accctgacce tgecgtgtac cagetgaga 49

<210> SEQ ID NO 2

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within T cell receptor alpha
chain gene (TRAC_TO02)

<400> SEQUENCE: 2

tttagaaagt tcctgtgatg tcaagetggt cgagaaaage tttgaaaca 49

<210> SEQ ID NO 3

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within T cell receptor alpha
chain gene (TRAC_TO03)

SEQUENCE: 3

tccagtgaca agtctgtetg cctattcace gattttgatt ctcaaacaa 49

<210> SEQ ID NO 4

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within T cell receptor alpha
chain gene (TRAC_TO04)

<400> SEQUENCE: 4

tatatcacag acaaaactgt gctagacatg aggtctatgg acttcaaga 49

<210> SEQ ID NO 5

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within T cell receptor alpha
chain gene (TRAC_TO5)

<400> SEQUENCE: 5
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-continued

tgaggtctat ggacttcaag agcaacagtg ctgtggectg gagcaacaa 49

<210> SEQ ID NO 6

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within T cell receptor beta
chain gene (TRBC_TO1

<400> SEQUENCE: 6

tgtgtttgag ccatcagaag cagagatcte ccacacccaa aaggccaca 49

<210> SEQ ID NO 7

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within T cell receptor beta
chain gene (TRBC_T02)

<400> SEQUENCE: 7

ttcccacceg aggtegetgt gtttgageca tcagaagcag agatctccca 50

<210> SEQ ID NO 8

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat TRAC_TO1-L

<400> SEQUENCE: 8

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190
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-continued

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 9

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat TRAC_TO01l-R

<400> SEQUENCE: 9
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-continued

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
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-continued

405 410 415

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

530

<210> SEQ ID NO 10

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat TRBC_TO1l-L

<400> SEQUENCE: 10

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
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-continued

210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
340 345 350

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 11

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat TRBC_TO01l-R

<400> SEQUENCE: 11

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
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-continued

20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430
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Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 12

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat TRBC_T02-L

<400> SEQUENCE: 12

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
195 200 205

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240
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Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 13

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat TRBC_T02-R

<400> SEQUENCE: 13

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly
35 40 45
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Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445
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Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 14

<211> LENGTH: 186

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Dihydrofolate reductase protein

<400> SEQUENCE: 14

Val Gly Ser Leu Asn Cys Ile Val Ala Val Ser Gln Asn Met Gly Ile
1 5 10 15

Gly Lys Asn Gly Asp Leu Pro Trp Pro Pro Leu Arg Asn Glu Phe Arg
20 25 30

Tyr Phe Gln Arg Met Thr Thr Thr Ser Ser Val Glu Gly Lys Gln Asn
35 40 45

Leu Val Ile Met Gly Lys Lys Thr Trp Phe Ser Ile Pro Glu Lys Asn
50 55 60

Arg Pro Leu Lys Gly Arg Ile Asn Leu Val Leu Ser Arg Glu Leu Lys
65 70 75 80

Glu Pro Pro Gln Gly Ala His Phe Leu Ser Arg Ser Leu Asp Asp Ala

Leu Lys Leu Thr Glu Gln Pro Glu Leu Ala Asn Lys Val Asp Met Val
100 105 110

Trp Ile Val Gly Gly Ser Ser Val Tyr Lys Glu Ala Met Asn His Pro
115 120 125

Gly His Leu Lys Leu Phe Val Thr Arg Ile Met Gln Asp Phe Glu Ser
130 135 140

Asp Thr Phe Phe Pro Glu Ile Asp Leu Glu Lys Tyr Lys Leu Leu Pro
145 150 155 160

Glu Tyr Pro Gly Val Leu Ser Asp Val Gln Glu Glu Lys Gly Ile Lys
165 170 175

Tyr Lys Phe Glu Val Tyr Glu Lys Asn Asp
180 185

<210> SEQ ID NO 15

<211> LENGTH: 514

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<223> OTHER INFORMATION: inosine-5'-monophosphate dehydrogenase 2

<400> SEQUENCE: 15
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Met Ala Asp Tyr Leu Ile Ser Gly Gly Thr Ser Tyr Val Pro Asp Asp
1 5 10 15

Gly Leu Thr Ala Gln Gln Leu Phe Asn Cys Gly Asp Gly Leu Thr Tyr
20 25 30

Asn Asp Phe Leu Ile Leu Pro Gly Tyr Ile Asp Phe Thr Ala Asp Gln
35 40 45

Val Asp Leu Thr Ser Ala Leu Thr Lys Lys Ile Thr Leu Lys Thr Pro
Leu Val Ser Ser Pro Met Asp Thr Val Thr Glu Ala Gly Met Ala Ile
65 70 75 80

Ala Met Ala Leu Thr Gly Gly Ile Gly Phe Ile His His Asn Cys Thr
85 90 95

Pro Glu Phe Gln Ala Asn Glu Val Arg Lys Val Lys Lys Tyr Glu Gln
100 105 110

Gly Phe Ile Thr Asp Pro Val Val Leu Ser Pro Lys Asp Arg Val Arg
115 120 125

Asp Val Phe Glu Ala Lys Ala Arg His Gly Phe Cys Gly Ile Pro Ile
130 135 140

Thr Asp Thr Gly Arg Met Gly Ser Arg Leu Val Gly Ile Ile Ser Ser
145 150 155 160

Arg Asp Ile Asp Phe Leu Lys Glu Glu Glu His Asp Cys Phe Leu Glu
165 170 175

Glu Ile Met Thr Lys Arg Glu Asp Leu Val Val Ala Pro Ala Gly Ile
180 185 190

Thr Leu Lys Glu Ala Asn Glu Ile Leu Gln Arg Ser Lys Lys Gly Lys
195 200 205

Leu Pro Ile Val Asn Glu Asp Asp Glu Leu Val Ala Ile Ile Ala Arg
210 215 220

Thr Asp Leu Lys Lys Asn Arg Asp Tyr Pro Leu Ala Ser Lys Asp Ala
225 230 235 240

Lys Lys Gln Leu Leu Cys Gly Ala Ala Ile Gly Thr His Glu Asp Asp
245 250 255

Lys Tyr Arg Leu Asp Leu Leu Ala Gln Ala Gly Val Asp Val Val Val
260 265 270

Leu Asp Ser Ser Gln Gly Asn Ser Ile Phe Gln Ile Asn Met Ile Lys
275 280 285

Tyr Ile Lys Asp Lys Tyr Pro Asn Leu Gln Val Ile Gly Gly Asn Val
290 295 300

Val Thr Ala Ala Gln Ala Lys Asn Leu Ile Asp Ala Gly Val Asp Ala
305 310 315 320

Leu Arg Val Gly Met Gly Ser Gly Ser Ile Cys Ile Thr Gln Glu Val
325 330 335

Leu Ala Cys Gly Arg Pro Gln Ala Thr Ala Val Tyr Lys Val Ser Glu
340 345 350

Tyr Ala Arg Arg Phe Gly Val Pro Val Ile Ala Asp Gly Gly Ile Gln
355 360 365

Asn Val Gly His Ile Ala Lys Ala Leu Ala Leu Gly Ala Ser Thr Val
370 375 380

Met Met Gly Ser Leu Leu Ala Ala Thr Thr Glu Ala Pro Gly Glu Tyr
385 390 395 400

Phe Phe Ser Asp Gly Ile Arg Leu Lys Lys Tyr Arg Gly Met Gly Ser
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405 410 415

Leu Asp Ala Met Asp Lys His Leu Ser Ser Gln Asn Arg Tyr Phe Ser
420 425 430

Glu Ala Asp Lys Ile Lys Val Ala Gln Gly Val Ser Gly Ala Val Gln
435 440 445

Asp Lys Gly Ser Ile His Lys Phe Val Pro Tyr Leu Ile Ala Gly Ile
450 455 460

Gln His Ser Cys Gln Asp Ile Gly Ala Lys Ser Leu Thr Gln Val Arg
465 470 475 480

Ala Met Met Tyr Ser Gly Glu Leu Lys Phe Glu Lys Arg Thr Ser Ser
485 490 495

Ala Gln Val Glu Gly Gly Val His Ser Leu His Ser Tyr Glu Lys Arg
500 505 510

Leu Phe

<210> SEQ ID NO 16

<211> LENGTH: 521

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct: Calcineurin A

<400> SEQUENCE: 16

Met Ser Glu Pro Lys Ala Ile Asp Pro Lys Leu Ser Thr Thr Asp Arg
1 5 10 15

Val Val Lys Ala Val Pro Phe Pro Pro Ser His Arg Leu Thr Ala Lys
20 25 30

Glu Val Phe Asp Asn Asp Gly Lys Pro Arg Val Asp Ile Leu Lys Ala
35 40 45

His Leu Met Lys Glu Gly Arg Leu Glu Glu Ser Val Ala Leu Arg Ile
50 55 60

Ile Thr Glu Gly Ala Ser Ile Leu Arg Gln Glu Lys Asn Leu Leu Asp
Ile Asp Ala Pro Val Thr Val Cys Gly Asp Ile His Gly Gln Phe Phe
85 90 95

Asp Leu Met Lys Leu Phe Glu Val Gly Gly Ser Pro Ala Asn Thr Arg
100 105 110

Tyr Leu Phe Leu Gly Asp Tyr Val Asp Arg Gly Tyr Phe Ser Ile Glu
115 120 125

Cys Val Leu Tyr Leu Trp Ala Leu Lys Ile Leu Tyr Pro Lys Thr Leu
130 135 140

Phe Leu Leu Arg Gly Asn His Glu Cys Arg His Leu Thr Glu Tyr Phe
145 150 155 160

Thr Phe Lys Gln Glu Cys Lys Ile Lys Tyr Ser Glu Arg Val Tyr Asp
165 170 175

Ala Cys Met Asp Ala Phe Asp Cys Leu Pro Leu Ala Ala Leu Met Asn
180 185 190

Gln Gln Phe Leu Cys Val His Gly Gly Leu Ser Pro Glu Ile Asn Thr
195 200 205

Leu Asp Asp Ile Arg Lys Leu Asp Arg Phe Lys Glu Pro Pro Ala Tyr
210 215 220

Gly Pro Met Cys Asp Ile Leu Trp Ser Asp Pro Leu Glu Asp Phe Gly
225 230 235 240
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Asn Glu Lys Thr Gln Glu His Phe Thr His Asn Thr Val Arg Gly Cys
245 250 255

Ser Tyr Phe Tyr Ser Tyr Pro Ala Val Cys Glu Phe Leu Gln His Asn
260 265 270

Asn Leu Leu Ser Ile Leu Arg Ala His Glu Ala Gln Asp Ala Gly Tyr
275 280 285

Arg Met Tyr Arg Lys Ser Gln Thr Thr Gly Phe Pro Ser Leu Ile Thr
290 295 300

Ile Phe Ser Ala Pro Asn Tyr Leu Asp Val Tyr Asn Asn Lys Ala Ala
305 310 315 320

Val Leu Lys Tyr Glu Asn Asn Val Met Asn Ile Arg Gln Phe Asn Cys
325 330 335

Ser Pro His Pro Tyr Trp Leu Pro Asn Phe Met Asp Val Phe Thr Trp
340 345 350

Ser Leu Pro Phe Val Gly Glu Lys Val Thr Glu Met Leu Val Asn Val
355 360 365

Leu Asn Ile Cys Ser Asp Asp Glu Leu Gly Ser Glu Glu Asp Gly Phe
370 375 380

Asp Gly Ala Thr Ala Ala Ala Arg Lys Glu Val Ile Arg Asn Lys Ile
385 390 395 400

Arg Ala Ile Gly Lys Met Ala Arg Val Phe Ser Val Leu Arg Glu Glu
405 410 415

Ser Glu Ser Val Leu Thr Leu Lys Gly Leu Thr Pro Thr Gly Met Leu
420 425 430

Pro Ser Gly Val Leu Ser Gly Gly Lys Gln Thr Leu Gln Ser Ala Thr
435 440 445

Val Glu Ala Ile Glu Ala Asp Glu Ala Ile Lys Gly Phe Ser Pro Gln
450 455 460

His Lys Ile Thr Ser Phe Glu Glu Ala Lys Gly Leu Asp Arg Ile Asn
465 470 475 480

Glu Arg Met Pro Pro Arg Arg Asp Ala Met Pro Ser Asp Ala Asn Leu
485 490 495

Asn Ser Ile Asn Lys Ala Leu Thr Ser Glu Thr Asn Gly Thr Asp Ser
500 505 510

Asn Gly Ser Asn Ser Ser Asn Ile Gln
515 520

<210> SEQ ID NO 17

<211> LENGTH: 170

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct: Calcineurin B

<400> SEQUENCE: 17

Met Gly Asn Glu Ala Ser Tyr Pro Leu Glu Met Cys Ser His Phe Asp
1 5 10 15

Ala Asp Glu Ile Lys Arg Leu Gly Lys Arg Phe Lys Lys Leu Asp Leu
20 25 30

Asp Asn Ser Gly Ser Leu Ser Val Glu Glu Phe Met Ser Leu Pro Glu
35 40 45

Leu Gln Gln Asn Pro Leu Val Gln Arg Val Ile Asp Ile Phe Asp Thr
50 55 60
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Asp Gly Asn Gly Glu Val Asp Phe Lys Glu Phe Ile Glu Gly Val Ser
65 70 75 80

Gln Phe Ser Val Lys Gly Asp Lys Glu Gln Lys Leu Arg Phe Ala Phe
85 90 95

Arg Ile Tyr Asp Met Asp Lys Asp Gly Tyr Ile Ser Asn Gly Glu Leu
100 105 110

Phe Gln Val Leu Lys Met Met Val Gly Asn Asn Leu Lys Asp Thr Gln
115 120 125

Leu Gln Gln Ile Val Asp Lys Thr Ile Ile Asn Ala Asp Lys Asp Gly
130 135 140

Asp Gly Arg Ile Ser Phe Glu Glu Phe Cys Ala Val Val Gly Gly Leu
145 150 155 160

Asp Ile His Lys Lys Met Val Val Asp Val
165 170

<210> SEQ ID NO 18

<211> LENGTH: 207

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<223> OTHER INFORMATION: Alkyl guanine transferase

<400> SEQUENCE: 18

Met Asp Lys Asp Cys Glu Met Lys Arg Thr Thr Leu Asp Ser Pro Leu
1 5 10 15

Gly Lys Leu Glu Leu Ser Gly Cys Glu Gln Gly Leu His Glu Ile Lys
20 25 30

Leu Leu Gly Lys Gly Thr Ser Ala Ala Asp Ala Val Glu Val Pro Ala
35 40 45

Pro Ala Ala Val Leu Gly Gly Pro Glu Pro Leu Met Gln Cys Thr Ala
50 55 60

Trp Leu Asn Ala Tyr Phe His Gln Pro Glu Ala Ile Glu Glu Phe Pro
65 70 75 80

Val Pro Ala Leu His His Pro Val Phe Gln Gln Glu Ser Phe Thr Arg
85 90 95

Gln Val Leu Trp Lys Leu Leu Lys Val Val Lys Phe Gly Glu Val Ile
100 105 110

Ser Tyr Gln Gln Leu Ala Ala Leu Ala Gly Asn Pro Lys Ala Ala Arg
115 120 125

Ala Val Gly Gly Ala Met Arg Gly Asn Pro Val Pro Ile Leu Ile Pro
130 135 140

Cys His Arg Val Val Cys Ser Ser Gly Ala Val Gly Asn Tyr Ser Gly
145 150 155 160

Gly Leu Ala Val Lys Glu Trp Leu Leu Ala His Glu Gly His Arg Leu
165 170 175

Gly Lys Pro Gly Leu Gly Gly Ser Ser Gly Leu Ala Gly Ala Trp Leu
180 185 190

Lys Gly Ala Gly Ala Thr Ser Gly Ser Pro Pro Ala Gly Arg Asn
195 200 205

<210> SEQ ID NO 19
<211> LENGTH: 495
<212> TYPE: PRT
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<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: 4G7-CAR version 1
<400> SEQUENCE: 19

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu
1 5 10 15

His Ala Ala Arg Pro Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu
20 25 30

Ile Lys Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr
35 40 45

Thr Phe Thr Ser Tyr Val Met His Trp Val Lys Gln Lys Pro Gly Gln
50 55 60

Gly Leu Glu Trp Ile Gly Tyr Ile Asn Pro Tyr Asn Asp Gly Thr Lys
65 70 75 80

Tyr Asn Glu Lys Phe Lys Gly Lys Ala Thr Leu Thr Ser Asp Lys Ser
85 90 95

Ser Ser Thr Ala Tyr Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Ser
100 105 110

Ala Val Tyr Tyr Cys Ala Arg Gly Thr Tyr Tyr Tyr Gly Ser Arg Val
115 120 125

Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val Ser Ser Gly Gly
130 135 140

Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Val
145 150 155 160

Met Thr Gln Ala Ala Pro Ser Ile Pro Val Thr Pro Gly Glu Ser Val
165 170 175

Ser Ile Ser Cys Arg Ser Ser Lys Ser Leu Leu Asn Ser Asn Gly Asn
180 185 190

Thr Tyr Leu Tyr Trp Phe Leu Gln Arg Pro Gly Gln Ser Pro Gln Leu
195 200 205

Leu Ile Tyr Arg Met Ser Asn Leu Ala Ser Gly Val Pro Asp Arg Phe
210 215 220

Ser Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu Arg Ile Ser Arg Val
225 230 235 240

Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gln His Leu Glu Tyr
245 250 255

Pro Phe Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Ala Asp
260 265 270

Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala
275 280 285

Ser Gln Pro Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly
290 295 300

Gly Ala Val His Thr Arg Gly Leu Asp Phe Ala Cys Asp Ile Tyr Ile
305 310 315 320

Trp Ala Pro Leu Ala Gly Thr Cys Gly Val Leu Leu Leu Ser Leu Val
325 330 335

Ile Thr Leu Tyr Cys Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe
340 345 350

Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly
355 360 365

Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg
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370 375 380

Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln
385 390 395 400

Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp
405 410 415

Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro
420 425 430

Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp
435 440 445

Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg
450 455 460

Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr
465 470 475 480

Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
485 490 495

<210> SEQ ID NO 20

<211> LENGTH: 495

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide:4G7-CAR version 2

<400> SEQUENCE: 20

Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro
1 5 10 15

Gly Ser Thr Gly Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Ile
20 25 30

Lys Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr
35 40 45

Phe Thr Ser Tyr Val Met His Trp Val Lys Gln Lys Pro Gly Gln Gly
50 55 60

Leu Glu Trp Ile Gly Tyr Ile Asn Pro Tyr Asn Asp Gly Thr Lys Tyr
65 70 75 80

Asn Glu Lys Phe Lys Gly Lys Ala Thr Leu Thr Ser Asp Lys Ser Ser
85 90 95

Ser Thr Ala Tyr Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala
100 105 110

Val Tyr Tyr Cys Ala Arg Gly Thr Tyr Tyr Tyr Gly Ser Arg Val Phe
115 120 125

Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val Ser Ser Gly Gly Gly
130 135 140

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Val Met
145 150 155 160

Thr Gln Ala Ala Pro Ser Ile Pro Val Thr Pro Gly Glu Ser Val Ser
165 170 175

Ile Ser Cys Arg Ser Ser Lys Ser Leu Leu Asn Ser Asn Gly Asn Thr
180 185 190

Tyr Leu Tyr Trp Phe Leu Gln Arg Pro Gly Gln Ser Pro Gln Leu Leu
195 200 205

Ile Tyr Arg Met Ser Asn Leu Ala Ser Gly Val Pro Asp Arg Phe Ser
210 215 220

Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu Arg Ile Ser Arg Val Glu
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225 230 235 240

Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gln His Leu Glu Tyr Pro
245 250 255

Phe Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Ser Asp Pro
260 265 270

Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala
275 280 285

Ser Gln Pro Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly
290 295 300

Gly Ala Val His Thr Arg Gly Leu Asp Phe Ala Cys Asp Ile Tyr Ile
305 310 315 320

Trp Ala Pro Leu Ala Gly Thr Cys Gly Val Leu Leu Leu Ser Leu Val
325 330 335

Ile Thr Leu Tyr Cys Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe
340 345 350

Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly
355 360 365

Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg
370 375 380

Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln
385 390 395 400

Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp
405 410 415

Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro
420 425 430

Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp
435 440 445

Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg
450 455 460

Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr
465 470 475 480

Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
485 490 495

<210> SEQ ID NO 21

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within CTLA4 gene

<400> SEQUENCE: 21

tggccctgea ctetectgtt ttttettete tteatcectg tettetgea 49

<210> SEQ ID NO 22

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within CTLA4 gene

<400> SEQUENCE: 22

ttttccatge tagcaatgca cgtggeccag cctgetgtgg tactggeca 49
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<210> SEQ ID NO 23

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within CTLA4 gene

<400> SEQUENCE: 23

tccatgctag caatgcacgt ggcccagect getgtggtac tggecagea

<210> SEQ ID NO 24

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within PDCD1 gene

<400> SEQUENCE: 24

ttcteccccag cectgetegt ggtgaccgaa ggggacaacg ccaccttea

<210> SEQ ID NO 25

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within PDCD1 gene

<400> SEQUENCE: 25

tacctetgtyg gggecatcte cctggeccee aaggegcaga tcaaagaga

<210> SEQ ID NO 26

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide: Repeat CTLA4_TOlL

<400> SEQUENCE: 26

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser
65 70 75

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile
100 105 110

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val
130 135 140

Lys

Ala

Gly

Cys

His

80

Val

Ala

Leu

Ala

49

49

49
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Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530
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<210> SEQ ID NO 27

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide: Repeat CTLA4_TOlR

<400> SEQUENCE: 27

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
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355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 28

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide: Repeat CTLA4_TO3L

<400> SEQUENCE: 28

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
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165 170 175

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 29

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polypeptide: Repeat CTLA4_TO3R

<400> SEQUENCE: 29

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380
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Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 30

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide: Repeat CTLA4_TO04L

<400> SEQUENCE: 30

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190
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Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 31

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide: Repeat CTLA4_TO04R

<400> SEQUENCE: 31
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Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
195 200 205

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400
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Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 32

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide: Repeat PDCD1_TOlR

<400> SEQUENCE: 32

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
195 200 205
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Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
340 345 350

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 33

<211> LENGTH: 529

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide: Repeat PDCD1_TOlL

<400> SEQUENCE: 33

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
1 5 10 15
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Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Gly Gly Lys Gln
275 280 285

Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His
290 295 300

Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly
305 310 315 320

Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln
325 330 335

Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly
340 345 350

Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu
355 360 365

Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser
370 375 380

Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro
385 390 395 400

Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile
405 410 415

Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu
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420 425 430

Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val
435 440 445

Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln
450 455 460

Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln
465 470 475 480

Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr
485 490 495

Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro
500 505 510

Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala Leu
515 520 525

Glu

<210> SEQ ID NO 34

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide: Repeat PDCD1_TO3R

<400> SEQUENCE: 34

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys

Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240
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Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 35

<211> LENGTH: 529

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide: Repeat PDCD1_TO3L

<400> SEQUENCE: 35

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
35 40 45
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Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu
420 425 430

Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val
435 440 445
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Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln
450 455 460

Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln
465 470 475 480

Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr
485 490 495

Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro
500 505 510

Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala Leu
515 520 525

Glu

<210> SEQ ID NO 36

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within glucocorticoid receptor
gene (GRex2)

<400> SEQUENCE: 36

tattcactga tggactccaa agaatcatta actcctggta gagaagaaa 49

<210> SEQ ID NO 37

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within glucocorticoid receptor
gene (GRex3T2)

<400> SEQUENCE: 37

tgcctggtgt getcectgatga agettcagga tgtcattatg gagtcttaa 49

<210> SEQ ID NO 38

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within glucocorticoid receptor
gene (GRex3T4)

<400> SEQUENCE: 38

tgctctgatg aagcttcagg atgtcattat ggagtcttaa cttgtggaa 49

<210> SEQ ID NO 39

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within glucocorticoid receptor
gene (GRex5T1)

<400> SEQUENCE: 39

tggtgtcact gttggaggtt attgaacctyg aagtgttata tgcaggata 49

<210> SEQ ID NO 40
<211> LENGTH: 49
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<212>
<213>
<220>
<221>
<223>

<400>

TYPE: DNA

ORGANISM: Homo sapiens

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: Target sequence within glucocorticoid receptor
gene (GRex5T2)

SEQUENCE: 40

tatgatagct ctgttccaga ctcaacttgg aggatcatga ctacgctca 49

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 41

LENGTH: 49

TYPE: DNA

ORGANISM: Homo sapiens

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: Target sequence within glucocorticoid receptor
gene (GRex5T3)

SEQUENCE: 41

ttatatgcag gatatgatag ctctgtteca gactcaactt ggaggatca 49

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 530

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: synthetic polypeptide: Repeat-GRex2-LPT9-L1

SEQUENCE: 42

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys

1

5 10 15

Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala

20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly

35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys

50

55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn

65

70 75 80

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val

85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala

100 105 110

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu

115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala

145

150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val

165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val

180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln

195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220
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Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 43

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat-GRex2-LPT9-R1

<400> SEQUENCE: 43

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30
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His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
340 345 350

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
420 425 430
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Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 44

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat-GRex3T2-L1

<400> SEQUENCE: 44

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240
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Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
340 345 350

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 45

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat-GRex3T2-R1

<400> SEQUENCE: 45

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
35 40 45
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Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
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450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 46

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat-GRex3T4-L1

<400> SEQUENCE: 46

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
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260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 47

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat-GRex3T4-R1

<400> SEQUENCE: 47

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
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65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480
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Gln

Thr

Pro

Leu

Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
485 490

Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
500 505

Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
515 520

Glu
530

<210> SEQ ID NO 48

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide:

<400> SEQUENCE: 48

Leu
1

Gln

Gly

Gln

65

Gly

Leu

Ser

Pro

Ile

145

Leu

Gln

Gln

Thr

225

Pro

Leu

Leu

Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
5 10

Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
20 25

Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
35 40

Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
50 55 60

Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
70 75

Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
85 90

Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
100 105

Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
115 120

Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
130 135 140

Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
150 155

Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
165 170

Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala
180 185

Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
195 200

Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys
210 215 220

Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala
230 235

Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
245 250

Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
260 265

Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
275 280

Gln Ala Leu

495

His Gly Leu

510

Gly Arg Pro

525

Repeat-GRex5T1-LPT8-L1

Asn

Leu

Ser

45

Pro

Ile

Leu

Val

Gln

125

Gln

Thr

Pro

Leu

Leu

205

Gln

His

Gly

Gln

Gly
285

Gly

Cys

30

Asn

Val

Ala

Leu

Ala

110

Arg

Val

Val

Glu

Glu

190

Thr

Ala

Gly

Lys

Ala
270

Gly

Gly

15

Gln

Asn

Leu

Ser

Pro

95

Ile

Leu

Val

Gln

Gln

175

Thr

Pro

Leu

Leu

Gln
255

His

Gly

Glu

Thr

Ala

Lys

Ala

Gly

Cys

Asn

80

Val

Ala

Leu

Ala

Arg

160

Val

Val

Glu

Glu

Thr

240

Ala

Gly

Lys
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Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 49

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat-GRex5T1-LPT8-R1

<400> SEQUENCE: 49

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys

Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95
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Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
195 200 205

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
485 490 495
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Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 50

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat-GRex5T2-L1

<400> SEQUENCE: 50

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys

Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300
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His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 51

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat-GRex5T2-R1

<400> SEQUENCE: 51

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110
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Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
130 135 140

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
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Leu

<210>
<211>
<212>
<213>
<220>
<223>

Glu
530

515

PRT

<400> SEQUENCE:

Gly

Gln

65

Gly

Leu

Ser

Pro

Ile

145

Leu

Gln

Gln

Thr

225

Pro

Leu

Leu

Gln

His

305

Gly

Thr

Ala

Gly

Lys

50

Ala

Gly

Cys

Asn

Val

130

Ala

Leu

Ala

Arg

Val

210

Val

Glu

Glu

Thr

Ala
290

Gly

Lys

Pro

Leu

Leu

35

Gln

His

Gly

Gln

Ile

115

Leu

Ser

Pro

Ile

Leu

195

Val

Gln

Gln

Thr

Pro
275
Leu

Leu

Gln

Gln

Glu

20

Thr

Ala

Gly

Lys

Ala

100

Gly

Cys

Asn

Val

Ala

180

Leu

Ala

Arg

Val

Val

260

Gln

Glu

Thr

Ala

SEQ ID NO 52
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

530

52

Gln

Thr

Pro

Leu

Leu

Gln

85

His

Gly

Gln

Gly

Leu

165

Ser

Pro

Ile

Leu

Val

245

Gln

Gln

Thr

Pro

Leu

Val

Val

Glu

Glu

Thr

70

Ala

Gly

Lys

Ala

Gly

150

Cys

Asn

Val

Ala

Leu

230

Ala

Ala

Val

Val

Gln
310

Glu

520

synthetic polypeptide:

Val

Gln

Gln

Thr

55

Pro

Leu

Leu

Gln

His

135

Gly

Gln

Asn

Leu

Ser

215

Pro

Ile

Leu

Val

Gln
295

Gln

Thr

Ala

Arg

Val

Val

Gln

Glu

Thr

Ala

120

Gly

Lys

Ala

Gly

Cys

200

His

Val

Ala

Leu

Ala
280
Arg

Val

Val

Ile

Leu

25

Val

Gln

Gln

Thr

Pro

105

Leu

Leu

Gln

His

Gly

185

Gln

Asp

Leu

Ser

Pro

265

Ile

Leu

Val

Gln

Ala

10

Leu

Ala

Ala

Val

Val

90

Glu

Glu

Thr

Ala

Gly

170

Lys

Ala

Gly

Cys

Asn

250

Val

Ala

Leu

Ala

Arg

Ser

Pro

Ile

Leu

Val

75

Gln

Gln

Thr

Pro

Leu

155

Leu

Gln

His

Gly

Gln

235

Ile

Leu

Ser

Pro

Ile
315

Leu

Asn

Val

Ala

Leu

60

Ala

Arg

Val

Val

Gln

140

Glu

Thr

Ala

Gly

Lys

220

Ala

Gly

Cys

Asn

Val
300

Ala

Leu

525

Repeat-GRex5T3-L1

Gly

Leu

Ser

Pro

Ile

Leu

Val

Gln

125

Gln

Thr

Pro

Leu

Leu

205

Gln

His

Gly

Gln

Asn
285
Leu

Ser

Pro

Gly

Cys

30

Asn

Val

Ala

Leu

Ala

110

Ala

Val

Val

Gln

Glu

190

Thr

Ala

Gly

Lys

Ala

270

Gly

Cys

Asn

Val

Gly

15

Gln

Ile

Leu

Ser

Pro

95

Ile

Leu

Val

Gln

Gln

175

Thr

Pro

Leu

Leu

Gln

255

His

Gly

Gln

Asn

Leu

Lys

Ala

Gly

Cys

Asn

80

Val

Ala

Leu

Ala

Arg

160

Val

Val

Glu

Glu

Thr

240

Ala

Gly

Lys

Ala

Gly
320

Cys
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325 330 335

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 53

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat-GRex5T3-R1

<400> SEQUENCE: 53

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
65 70 75 80

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
100 105 110

Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
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130 135 140

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
195 200 205

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530
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<210> SEQ ID NO 54

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within CD52 gene (CD52_TO01)

<400> SEQUENCE: 54

ttcectettee tectaccace atcagectee tttacctgta ccataac 47

<210> SEQ ID NO 55

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within CD52 gene (CD52_T02)

<400> SEQUENCE: 55

ttcctectac tcaccatcag cctectggtt atggtacagg taagagcaa 49

<210> SEQ ID NO 56

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within CD52 gene (CD52_T04)

<400> SEQUENCE: 56

ttcectectac tcaccacage ctectggtet tacctgtace ata 43

<210> SEQ ID NO 57

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within CD52 gene (CD52_TO05)

<400> SEQUENCE: 57

tcctactcac catcagetee tggttatttg ctettacctg tac 43

<210> SEQ ID NO 58

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within CD52 gene (CD52_TO06)

<400> SEQUENCE: 58

ttatcccact tctectetac agatacaaac tttttgtect gagagte 47

<210> SEQ ID NO 59

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Target sequence within CD52 gene (CD52_TO07)

<400> SEQUENCE: 59
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tggactctca ggacaaacga caccagccaa atgctgaggg getgetg 47

<210> SEQ ID NO 60

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat CD52_T02-L

<400> SEQUENCE: 60

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
165 170 175

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335
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Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
340 345 350

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Ala Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
405 410 415

Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530

<210> SEQ ID NO 61

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide: Repeat CD52_T02-R

<400> SEQUENCE: 61

Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn Asn Gly
35 40 45

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
50 55 60

Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His
65 70 75 80

Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
85 90 95

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
100 105 110

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
115 120 125

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val Val Ala
130 135 140
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Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
145 150 155 160

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val
165 170 175

Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val
180 185 190

Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln
195 200 205

Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu
210 215 220

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
225 230 235 240

Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala
245 250 255

Leu Glu Thr Val Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly
260 265 270

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys
275 280 285

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
290 295 300

His Gly Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly
305 310 315 320

Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys
325 330 335

Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala Ser Asn
340 345 350

Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val
355 360 365

Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala Ile Ala
370 375 380

Ser Asn Asn Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg Leu Leu
385 390 395 400

Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Gln Gln Val Val Ala
405 410 415

Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr Val Gln Arg
420 425 430

Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu Gln Val
435 440 445

Val Ala Ile Ala Ser Asn Ile Gly Gly Lys Gln Ala Leu Glu Thr Val
450 455 460

Gln Ala Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
465 470 475 480

Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu
485 490 495

Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala His Gly Leu Thr
500 505 510

Pro Gln Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Arg Pro Ala
515 520 525

Leu Glu
530
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<210> SEQ ID NO 62
<211> LENGTH: 49
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(49)
<223> OTHER INFORMATION: Target dCK2
<400> SEQUENCE: 62
tggttcectga acctgttgee agatggtgca atgttcaaag tactcaaga 49
<210> SEQ ID NO 63
<211> LENGTH: 2814
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: TALEN dCK2 LEFT
<400> SEQUENCE: 63
atgggcgatce ctaaaaagaa acgtaaggtce atcgattacc catacgatgt tccagattac 60
getatcgata tcgccgatcet acgcacgete ggctacagee agcagcaaca ggagaagatc 120
aaaccgaagg ttegttegac agtggegeag caccacgagg cactggtegg ccacgggttt 180
acacacgcge acatcgttge gttaagecaa cacceggeag cgttagggac cgtegetgte 240
aagtatcagg acatgatcge agegttgeca gaggegacac acgaagcegat cgttggegte 300

ggcaaacagt ggtccggege acgegetetyg gaggecttge tcacggtgge gggagagttg 360

agaggtccac cgttacagtt ggacacagge caacttcteca agattgcaaa acgtggegge 420
gtgaccgcag tggaggcagt gcatgcatgg cgcaatgcac tgacgggtge ccegetcaac 480
ttgaccccce agcaggtggt ggccategece agcaataatg gtggcaagca ggegetggag 540
acggtccage ggctgttgee ggtgetgtge caggeccacg gettgaccce ccagcaggtg 600
gtggccatceg ccagcaataa tggtggcaag caggcegctgg agacggtceca geggetgttg 660
ceggtgetgt gecaggecca cggettgace ccccageagg tggtggecat cgecagcaat 720

ggceggtggeca agcaggeget ggagacggte cageggetgt tgecceggtget gtgecaggec 780
cacggcttga ccccccagea ggtggtggee ategecagea atggeggtgg caagcaggeg 840
ctggagacgg tccagegget gttgeeggtyg ctgtgecagg cecacggett gaccceceggag 900
caggtggtgyg ccatcgecag ccacgatgge ggcaageagg cgctggagac ggtccagegg 960
ctgttgccgg tgctgtgcca ggcccacggce ttgacceegg agcaggtggt ggccatcgcece 1020
agccacgatyg gcggcaagca ggcgetggag acggtccage ggetgttgee ggtgetgtge 1080
caggcccacg gcttgaccee ccagcaggtyg gtggecateg ccagcaatgg cggtggcaag 1140
caggcgcetgg agacggtcecca geggcetgttg ccggtgetgt geccaggccca cggcttgace 1200
cceccagecagg tggtggecat cgecagcaat aatggtggea agcaggeget ggagacggte 1260
cagcggcetgt tgccggtget gtgccaggcce cacggcttga ccccggagca ggtggtggece 1320
atcgccagca atattggtgg caagcaggcg ctggagacgg tgcaggcgcet gttgeceggtg 1380
ctgtgccagg cccacggett gaccccggag caggtggtgg ccatcgccag caatattggt 1440
ggcaagcagg cgctggagac ggtgcaggeyg ctgttgeegg tgectgtgeca ggeccacgge 1500
ttgacccegyg agcaggtggt ggecategece agecacgatg geggcaagcea ggegetggag 1560

acggtccage ggctgttgece ggtgctgtge caggcccacg gcecttgaccee ggagcaggtg 1620
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gtggccateyg ccagecacga tggeggcaag caggcgetgg agacggteca geggetgttg 1680
ceggtgetgt gecaggecca cggcttgace ceccagcagg tggtggcecat cgccagcaat 1740
ggcggtggea agcaggcgcet ggagacggtce cageggetgt tgcceggtget gtgecaggece 1800
cacggettga ccccccagca ggtggtggece atcgecagea ataatggtgyg caagcaggcg 1860
ctggagacgg tccagcggct gttgceggtg ctgtgccagg cccacggctt gaccccccag 1920
caggtggtgg ccatcgecag caatggeggt ggcaagcagg cgctggagac ggtccagcegg 1980
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccectce agcaggtggt ggccatcgcece 2040
agcaatggcg gcggcaggcece ggcgctggag agcattgttg cccagttatce tegecctgat 2100
ccggegttgg cecgegttgac caacgaccac ctegtcecgect tggcectgect cggegggegt 2160
cctgegetgg atgcagtgaa aaagggattg ggggatccta tcagccgtte ccagetggtg 2220
aagtccgage tggaggagaa gaaatccgag ttgaggcaca agctgaagta cgtgecccac 2280
gagtacatcyg agctgatcga gatcgeccgg aacagcaccce aggaccgtat cctggagatg 2340
aaggtgatgg agttcttcat gaaggtgtac ggctacaggg gcaagcacct gggcggctcce 2400
aggaagccceg acggegecat ctacaccegtg ggetccceca tegactacgyg cgtgategtg 2460
gacaccaagyg cctactccgg cggctacaac ctgcccatceg gecaggecga cgaaatgcag 2520
aggtacgtgg aggagaacca gaccaggaac aagcacatca accccaacga gtggtggaag 2580
gtgtacceccect ccagcecgtgac cgagttcaag ttcecctgtteg tgtccggeca cttcaagggce 2640
aactacaagg cccagctgac caggctgaac cacatcacca actgcaacgyg cgccgtgcetg 2700
tcegtggagg agcetectgat cggcggegag atgatcaagg ceggcaccct gaccctggag 2760
gaggtgagga ggaagttcaa caacggcgag atcaacttcg cggccgactg ataa 2814
<210> SEQ ID NO 64

<211> LENGTH: 2814

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: TALEN dCK2 RIGHT

<400> SEQUENCE: 64

atgggcgatce ctaaaaagaa acgtaaggtce atcgattacc catacgatgt tccagattac 60
getatcgata tcgccgatcet acgcacgete ggctacagee agcagcaaca ggagaagatc 120
aaaccgaagg ttegttegac agtggegeag caccacgagg cactggtegg ccacgggttt 180
acacacgcge acatcgttge gttaagecaa cacceggeag cgttagggac cgtegetgte 240
aagtatcagg acatgatcge agegttgeca gaggegacac acgaagcegat cgttggegte 300

ggcaaacagt ggtccggege acgegetetyg gaggecttge tcacggtgge gggagagttg 360

agaggtccac cgttacagtt ggacacagge caacttcteca agattgcaaa acgtggegge 420
gtgaccgcag tggaggcagt gcatgcatgg cgcaatgcac tgacgggtge ccegetcaac 480
ttgacccegyg agcaggtggt ggecategece agecacgatg geggcaagcea ggegetggag 540
acggtccage ggctgttgee ggtgetgtge caggeccacg gettgaccce ccagcaggtg 600

gtggccateg ccagcaatgg cggtggcaag caggcegctgg agacggtceca geggetgttg 660

ceggtgetgt gecaggecca cggettgace ccccageagg tggtggecat cgecagcaat 720

ggceggtggeca agcaggeget ggagacggte cageggetgt tgecceggtget gtgecaggec 780
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cacggcttga ccccccagca ggtggtggec atcgccageca ataatggtgg caagcaggceg 840
ctggagacgg tccagecggcet gttgceggtg ctgtgccagg cccacggett gaccccggag 900

caggtggtgg ccatcgecag caatattggt ggcaagecagg cgctggagac ggtgcaggeg 960
ctgttgccgg tgctgtgcca ggcccacggce ttgacccecece agcaggtggt ggccatcgcece 1020
agcaataatg gtggcaagca ggcgctggag acggtccagce ggctgttgece ggtgcetgtgce 1080
caggcccacg gcttgaccee ccagcaggtyg gtggecateg ccagcaatgg cggtggcaag 1140
caggcgcetgg agacggtcecca geggcetgttg ccggtgetgt geccaggccca cggcttgace 1200
ccggageagyg tggtggecat cgecagcaat attggtggea agcaggeget ggagacggtg 1260
caggcgcetgt tgccggtgcet gtgccaggce cacggcttga ccccggagca ggtggtggece 1320
atcgccagece acgatggegg caagcaggeg ctggagacgg tecagegget gttgeeggtg 1380
ctgtgccagyg cccacggett gaccccccag caggtggtgg ccatcgecag caatggeggt 1440
ggcaagcagg cgctggagac ggtccagegyg ctgttgeegg tgctgtgeca ggeccacgge 1500
ttgaccccce agcaggtggt ggecategee agcaatggeg gtggcaagea ggegetggag 1560
acggtccage ggctgttgece ggtgctgtge caggcccacg gcecttgaccee ccagcaggtg 1620
gtggccateg ccagcaatgg cggtggcaag caggcegctgg agacggtceca geggetgttg 1680
ceggtgetgt gecaggecca cggettgace ccccageagg tggtggecat cgecagcaat 1740
aatggtggca agcaggcgct ggagacggtc cagecggcetgt tgccggtget gtgceccaggcece 1800
cacggcttga ccccggagea ggtggtggee atcgecagea atattggtgg caagcaggeg 1860
ctggagacgg tgcaggcgct gttgceggtg ctgtgccagg cccacggctt gaccceccggag 1920
caggtggtgg ccatcgecag caatattggt ggcaagecagg cgctggagac ggtgcaggeg 1980
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccectce agcaggtggt ggccatcgcece 2040
agcaatggcg gcggcaggcece ggcgctggag agcattgttg cccagttatce tegecctgat 2100
ccggegttgg cecgegttgac caacgaccac ctegtcecgect tggcectgect cggegggegt 2160
cctgegetgg atgcagtgaa aaagggattg ggggatccta tcagccgtte ccagetggtg 2220
aagtccgage tggaggagaa gaaatccgag ttgaggcaca agctgaagta cgtgcecccac 2280
gagtacatcg agctgatcga gatcgecegyg aacagcaccce aggaccgtat cctggagatg 2340
aaggtgatgg agttcttcat gaaggtgtac ggctacaggg gcaagcacct gggcggctcce 2400
aggaagcccg acggegecat ctacaccgtg ggetecccca tegactacgg cgtgategtg 2460
gacaccaagg cctactccgg cggctacaac ctgcccateg gecaggccga cgaaatgeag 2520
aggtacgtgg aggagaacca gaccaggaac aagcacatca accccaacga gtggtggaag 2580
gtgtacceccect ccagcecgtgac cgagttcaag ttcecctgtteg tgtccggeca cttcaagggce 2640
aactacaagg cccagctgac caggctgaac cacatcacca actgcaacgg cgecgtgetg 2700
tcegtggagyg agctectgat cggeggegag atgatcaagg ceggcacect gacccetggag 2760

gaggtgagga ggaagttcaa caacggcgag atcaacttcg cggccgactg ataa 2814

<210> SEQ ID NO 65

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
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<222> LOCATION: (1)..(59

<400> SEQUENCE: 65

tgatcctett gtcccacaga tatccagaac cctgaccctg cegtgtacca getgagaga
<210> SEQ ID NO 66

<211> LENGTH: 2832

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: TALEN TRAC LEFT

<400> SEQUENCE: 66

atgggcgatce ctaaaaagaa acgtaaggtce atcgataagg agaccgcege tgccaagtte
gagagacagc acatggacag catcgatatc gccgatctac gcacgctegyg ctacagecag
cagcaacagg agaagatcaa accgaaggtt cgttecgacag tggegcagca ccacgaggca
ctggteggee acgggtttac acacgegeac ategttgegt taagccaaca cceggcageg
ttagggaccg tcgctgtcaa gtatcaggac atgatcgcag cgttgecaga ggcgacacac
gaagcgatcg ttggegtcegg caaacagtgyg tccggegcac gegetetgga ggecttgete
acggtggegyg gagagttgag aggtccacceg ttacagttgg acacaggeca acttctcaag
attgcaaaac gtggceggegt gaccgcagtyg gaggcagtge atgecatggeg caatgcactg
acgggtgcce cgctcaactt gaccceggag caggtggtgg ccatcgecag ccacgatgge
ggcaagcagg cgctggagac ggtccagegyg ctgttgeegg tgctgtgeca ggeccacgge
ttgaccccce agcaggtggt ggecategee agcaatggeg gtggcaagea ggegetggag
acggtccage ggctgttgee ggtgetgtge caggeccacg gettgaccce ggagcaggtg
gtggccateg ccagccacga tggeggcaag caggcegcetgg agacggtoca geggetgttg
ceggtgetgt gecaggecca cggettgace ccggageagg tggtggecat cgecagcaat
attggtggca agcaggegcet ggagacggtyg caggegetgt tgeeggtget gtgccaggece
cacggcttga ccccccagea ggtggtggee atcgecagea ataatggtgg caagcaggeg
ctggagacgg tccagegget gttgeeggtyg ctgtgecagg cecacggett gaccceceggag
caggtggtgyg ccatcgecag ccacgatgge ggcaageagg cgctggagac ggtccagegg
ctgttgeegyg tgctgtgeca ggcccacgge ttgaccecee agcaggtggt ggecatcegece
agcaatggeg gtggcaagca ggcgetggag acggtccage ggetgttgee ggtgetgtge
caggcccacg gcttgaccee ccagcaggtyg gtggecateg ccagcaataa tggtggcaag
caggcgetgyg agacggteca geggetgttyg ceggtgetgt gecaggecca cggcettgace
cceccagecagg tggtggecat cgecagcaat aatggtggea agcaggeget ggagacggte
cagceggetgt tgceggtget gtgecaggece cacggettga ceccccagea ggtggtggece
atcgccagca atggeggtgg caagcaggeg ctggagacgg tecagegget gttgeeggtg
ctgtgccagyg cccacggett gaccceggag caggtggtgg ccatcgecag caatattggt
ggcaagcagg cgctggagac ggtgcaggeyg ctgttgeegg tgectgtgeca ggeccacgge
ttgacccegyg agcaggtggt ggecategece agecacgatg geggcaagcea ggegetggag

acggtccage ggctgttgee ggtgetgtge caggeccacg gettgaccce ggagcaggtg

gtggccatceg ccagcaatat tggtggcaag caggcegctgg agacggtgca ggegetgttg

59

60

120

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
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ceggtgetgt gecaggecca cggcttgace ceggagcagg tggtggcecat cgccagecac 1860
gatggcggcea agcaggcgct ggagacggtce cageggetgt tgcceggtget gtgecaggece 1920
cacggettga ccccccagca ggtggtggece atcgecagea ataatggtgyg caagcaggcg 1980
ctggagacgg tccagcggct gttgceggtg ctgtgccagg cccacggctt gacccectcag 2040
caggtggtgg ccatcgecag caatggegge ggcaggcecgyg cgcetggagag cattgttgee 2100
cagttatctc geccctgatee ggecgttggce gcgttgacca acgaccacct cgtecgecttg 2160
gcctgecteg gegggegtcee tgcegctggat gcagtgaaaa agggattggg ggatcctatce 2220
agccegttece agetggtgaa gtccgagetg gaggagaaga aatccgagtt gaggcacaag 2280
ctgaagtacg tgccccacga gtacatcgag ctgatcgaga tcegeccggaa cagcacccag 2340
gaccgtatce tggagatgaa ggtgatggag ttcttcatga aggtgtacgg ctacaggggce 2400
aagcacctgg gcggctcecag gaagcccgac ggegecatet acaccgtggyg ctcecccecate 2460
gactacggeyg tgatcgtgga caccaaggcce tactceggeg gctacaacct geccatcgge 2520
caggccgacg aaatgcagag gtacgtggag gagaaccaga ccaggaacaa gcacatcaac 2580
cccaacgagt ggtggaaggt gtacccctce agecgtgaccg agttcaagtt cectgttegtg 2640
tceggecact tcaagggcaa ctacaaggece cagcetgacca ggctgaacca catcaccaac 2700
tgcaacggcg cecgtgctgte cgtggaggag ctectgateg geggcgagat gatcaaggcece 2760
ggcaccctga cectggagga ggtgaggagg aagttcaaca acggcgagat caacttcgeg 2820
gccgactgat aa 2832
<210> SEQ ID NO 67

<211> LENGTH: 2814

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: TALEN TRAC RIGHT

<400> SEQUENCE: 67

atgggcgatce ctaaaaagaa acgtaaggtce atcgattacc catacgatgt tccagattac 60
getatcgata tcgccgatcet acgcacgete ggctacagee agcagcaaca ggagaagatc 120
aaaccgaagg ttegttegac agtggegeag caccacgagg cactggtegg ccacgggttt 180
acacacgcge acatcgttge gttaagecaa cacceggeag cgttagggac cgtegetgte 240
aagtatcagg acatgatcge agegttgeca gaggegacac acgaagcegat cgttggegte 300

ggcaaacagt ggtccggege acgegetetyg gaggecttge tcacggtgge gggagagttg 360

agaggtccac cgttacagtt ggacacagge caacttcteca agattgcaaa acgtggegge 420
gtgaccgcag tggaggcagt gcatgcatgg cgcaatgcac tgacgggtge ccegetcaac 480
ttgaccccce agcaggtggt ggecategee agcaatggeg gtggcaagea ggegetggag 540
acggtccage ggctgttgee ggtgetgtge caggeccacg gettgaccce ccagcaggtg 600
gtggccatceg ccagcaataa tggtggcaag caggcegctgg agacggtceca geggetgttg 660
ceggtgetgt gecaggecca cggettgace ccccageagg tggtggecat cgecagcaat 720

ggceggtggeca agcaggeget ggagacggte cageggetgt tgecceggtget gtgecaggec 780
cacggcttga ccccggagea ggtggtggee ategecagece acgatggegg caagcaggeg 840

ctggagacgg tccagegget gttgeeggtyg ctgtgecagg cecacggett gaccceceggag 900
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caggtggtgyg ccatcgecag ccacgatgge ggcaageagg cgctggagac ggtccagegg 960
ctgttgccgg tgctgtgcca ggcccacggce ttgacceegg agcaggtggt ggccatcgcece 1020
agccacgatyg gcggcaagca ggcgetggag acggtccage ggetgttgee ggtgetgtge 1080
caggcccacg gcttgaccee ggagcaggtg gtggecateg ccagcaatat tggtggcaag 1140
caggcgcetgg agacggtgca ggcgctgttg ccggtgetgt geccaggccca cggcttgace 1200
ccggagecagyg tggtggecat cgecagecac gatggeggea agcaggeget ggagacggte 1260
cagcggcetgt tgccggtget gtgccaggcce cacggcttga ccccggagca ggtggtggece 1320
atcgccagca atattggtgg caagcaggcg ctggagacgg tgcaggcgcet gttgeceggtg 1380
ctgtgccagg cccacggcett gaccccccag caggtggtgg ccatcgccag caataatggt 1440
ggcaagcagg cgctggagac ggtccagegyg ctgttgeegg tgctgtgeca ggeccacgge 1500
ttgaccecgg agcaggtggt ggccatcgcce agcaatattg gtggcaagca ggcgctggag 1560
acggtgcagg cgctgttgec ggtgctgtge caggcccacg gcecttgaccee ccagcaggtg 1620
gtggccateg ccagcaatgg cggtggcaag caggcegctgg agacggtceca geggetgttg 1680
ceggtgetgt gecaggecca cggettgace ccggageagg tggtggecat cgecagcaat 1740
attggtggca agcaggcgct ggagacggtg caggcgcetgt tgccggtget gtgccaggcece 1800
cacggcttga ccccccagea ggtggtggee ategecagea atggeggtgg caagcaggeg 1860
ctggagacgg tccagcggct gttgceggtg ctgtgccagg cccacggctt gaccceccggag 1920
caggtggtgyg ccatcgecag ccacgatgge ggcaageagg cgctggagac ggtccagegg 1980
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccectce agcaggtggt ggccatcgcece 2040
agcaatggcg gcggcaggcece ggcgctggag agcattgttg cccagttatce tegecctgat 2100
ccggegttgg cecgegttgac caacgaccac ctegtcecgect tggcectgect cggegggegt 2160
cctgegetgg atgcagtgaa aaagggattg ggggatccta tcagccgtte ccagetggtg 2220
aagtccgage tggaggagaa gaaatccgag ttgaggcaca agctgaagta cgtgcecccac 2280
gagtacatcg agctgatcga gatcgecegyg aacagcaccce aggaccgtat cctggagatg 2340
aaggtgatgg agttcttcat gaaggtgtac ggctacaggg gcaagcacct gggcggctcce 2400
aggaagcccg acggegecat ctacaccgtg ggetecccca tegactacgg cgtgategtg 2460
gacaccaagg cctactccgg cggctacaac ctgcccateg gecaggccga cgaaatgeag 2520
aggtacgtgg aggagaacca gaccaggaac aagcacatca accccaacga gtggtggaag 2580
gtgtacceccect ccagcecgtgac cgagttcaag ttcecctgtteg tgtccggeca cttcaagggce 2640
aactacaagg cccagctgac caggctgaac cacatcacca actgcaacgg cgecgtgetg 2700
tcegtggagyg agctectgat cggeggegag atgatcaagg ceggcacect gacccetggag 2760

gaggtgagga ggaagttcaa caacggcgag atcaacttcg cggccgactg ataa 2814

<210> SEQ ID NO 68

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligo T7 DEEP Forward dcK 2 locus

<400> SEQUENCE: 68

ccatctcate cctgegtgte tecgactecag tagagacgag tgcttaatga aattgggcag 60
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dgagce

<210> SEQ ID NO 69

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligo T7 DEEP Reverse dcK 2 locus

<400> SEQUENCE: 69

cctatccect gtgtgecttyg geagtctecag tgaaacccat tgatatggag agec

<210> SEQ ID NO 70

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligo T7 DEEP Forward TRAC locus

<400> SEQUENCE: 70

ccatctcate cctgegtgte tecgactcag tagagacgag ttggccaaga ttgatagett

gtgce

<210> SEQ ID NO 71

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligo T7 DEEP Reverse TRAC locus

<400> SEQUENCE: 71

cctatccect gtgtgecttg geagtctcag aagtcagatt tgttgetcca ggeca

<210> SEQ ID NO 72

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligo T7 DEEP Forward HPRT locus

<400> SEQUENCE: 72

ccatctcate cctgegtgte tecgactecag agcactgtag cacctaaatt tctctgatag

actaagg

<210> SEQ ID NO 73

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligo T7 DEEP Reverse HPRT locus

<400> SEQUENCE: 73

cctatccect gtgtgecttyg gecagtctecag actaagtaat tagtaaggee ctec

<210> SEQ ID NO 74

<211> LENGTH: 2814

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: TALEN HPRT 1 LEFT

<400> SEQUENCE: 74

65

54

60

65

55

60

67

54
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atgggcgatc ctaaaaagaa acgtaaggtc atcgattacc catacgatgt tccagattac 60
gctatcgata tcgccgatct acgcacgctc ggctacagece agcagcaaca ggagaagatc 120
aaaccgaagg ttecgttcgac agtggcgcag caccacgagg cactggtcgg ccacgggttt 180
acacacgcgc acatcgttge gttaagccaa cacccggcag cgttagggac cgtegetgte 240
aagtatcagg acatgatcgc agcgttgcca gaggcgacac acgaagcgat cgttggegtce 300

ggcaaacagt ggtccggege acgegetetyg gaggecttge tcacggtgge gggagagttg 360

agaggtccac cgttacagtt ggacacagge caacttcteca agattgcaaa acgtggegge 420
gtgaccgcag tggaggcagt gcatgcatgg cgcaatgcac tgacgggtge ccegetcaac 480
ttgaccccce agcaggtggt ggccategece agcaataatg gtggcaagca ggegetggag 540
acggtccage ggctgttgee ggtgetgtge caggeccacg gettgaccce ggagcaggtg 600
gtggccatceg ccagcaatat tggtggcaag caggcegctgg agacggtgca ggegetgttg 660
ceggtgetgt gecaggecca cggettgace ccggageagg tggtggecat cgecagecac 720

gatggceggca agcaggcegcet ggagacggte cageggetgt tgeceggtget gtgecaggec 780
cacggcttga ccccggagea ggtggtggee ategecagece acgatggegg caagcaggeg 840
ctggagacgg tccagegget gttgeeggtyg ctgtgecagg cecacggett gaccccccag 900
caggtggtgg ccatcgecag caatggeggt ggcaageagg cgctggagac ggtccagegg 960
ctgttgccgg tgctgtgcca ggcccacggce ttgacccecece agcaggtggt ggccatcgcece 1020
agcaatggcg gtggcaagca ggcgctggag acggtccage ggctgttgece ggtgcetgtge 1080
caggcccacg gcttgaccee ccagcaggtyg gtggecateg ccagcaataa tggtggcaag 1140
caggcgcetgg agacggtcecca geggcetgttg ccggtgetgt geccaggccca cggcttgace 1200
ccggageagyg tggtggecat cgecagcaat attggtggea agcaggeget ggagacggtg 1260
caggcgcetgt tgccggtget gtgccaggcce cacggcttga ccccccagca ggtggtggece 1320
atcgccagca atggeggtgg caagcaggeg ctggagacgg tecagegget gttgeeggtg 1380
ctgtgccagyg cccacggett gaccccccag caggtggtgg ccatcgecag caatggeggt 1440
ggcaagcagg cgctggagac ggtccagegyg ctgttgeegg tgctgtgeca ggeccacgge 1500
ttgaccccce agcaggtggt ggecategee agcaatggeg gtggcaagea ggegetggag 1560
acggtccage ggctgttgece ggtgctgtge caggcccacg gcecttgaccee ggagcaggtg 1620
gtggccatcg ccagcaatat tggtggcaag caggcgctgg agacggtgca ggcgctgttg 1680
ceggtgetgt gecaggecca cggettgace ccccageagg tggtggecat cgecagcaat 1740
ggceggtggeca agcaggeget ggagacggte cageggetgt tgecceggtget gtgecaggec 1800
cacggcttga ccccccagea ggtggtggee ategecagea atggeggtgg caagcaggeg 1860
ctggagacgg tccagcggct gttgceggtg ctgtgccagg cccacggctt gaccccccag 1920
caggtggtgg ccatcgecag caatggeggt ggcaageagg cgctggagac ggtccagegg 1980
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccectce agcaggtggt ggccatcgcece 2040
agcaatggcg gcggcaggcece ggcgctggag agcattgttg cccagttatce tegecctgat 2100
ccggegttgg cecgegttgac caacgaccac ctegtcecgect tggcectgect cggegggegt 2160
cctgegetgg atgcagtgaa aaagggattg ggggatccta tcagccgtte ccagetggtg 2220

aagtccgage tggaggagaa gaaatccgag ttgaggcaca agctgaagta cgtgcecccac 2280
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gagtacatcyg agctgatcga gatcgeccgg aacagcaccce aggaccgtat cctggagatg 2340
aaggtgatgg agttcttcat gaaggtgtac ggctacaggg gcaagcacct gggcggctcce 2400
aggaagccceg acggegecat ctacaccegtg ggetccceca tegactacgyg cgtgategtg 2460
gacaccaagyg cctactccgg cggctacaac ctgcccatceg gecaggecga cgaaatgcag 2520
aggtacgtgg aggagaacca gaccaggaac aagcacatca accccaacga gtggtggaag 2580
gtgtacceccect ccagcecgtgac cgagttcaag ttcecctgtteg tgtccggeca cttcaagggce 2640
aactacaagg cccagctgac caggctgaac cacatcacca actgcaacgyg cgccgtgcetg 2700
tcegtggagg agcetectgat cggcggegag atgatcaagg ceggcaccct gaccctggag 2760
gaggtgagga ggaagttcaa caacggcgag atcaacttcg cggccgactg ataa 2814
<210> SEQ ID NO 75

<211> LENGTH: 2814

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: TALEN HPRT 1 RIGHT

<400> SEQUENCE: 75

atgggcgatce ctaaaaagaa acgtaaggtce atcgattacc catacgatgt tccagattac 60
getatcgata tcgccgatcet acgcacgete ggctacagee agcagcaaca ggagaagatc 120
aaaccgaagg ttegttegac agtggegeag caccacgagg cactggtegg ccacgggttt 180
acacacgcge acatcgttge gttaagecaa cacceggeag cgttagggac cgtegetgte 240
aagtatcagg acatgatcge agegttgeca gaggegacac acgaagcegat cgttggegte 300

ggcaaacagt ggtccggege acgegetetyg gaggecttge tcacggtgge gggagagttg 360

agaggtccac cgttacagtt ggacacagge caacttcteca agattgcaaa acgtggegge 420
gtgaccgcag tggaggcagt gcatgcatgg cgcaatgcac tgacgggtge ccegetcaac 480
ttgaccccce agcaggtggt ggecategee agcaatggeg gtggcaagea ggegetggag 540
acggtccage ggctgttgee ggtgetgtge caggeccacg gettgaccce ggagcaggtg 600
gtggccateg ccagccacga tggeggcaag caggcegcetgg agacggtoca geggetgttg 660
ceggtgetgt gecaggecca cggettgace ccggageagg tggtggecat cgecagecac 720

gatggceggca agcaggcegcet ggagacggte cageggetgt tgeceggtget gtgecaggec 780
cacggcttga ccccggagea ggtggtggee atcgecagea atattggtgg caagcaggeg 840
ctggagacgg tgcaggeget gttgeeggtyg ctgtgecagg cecacggett gaccceceggag 900
caggtggtgg ccatcgecag caatattggt ggcaagecagg cgctggagac ggtgcaggeg 960
ctgttgccgg tgctgtgcca ggcccacggce ttgacceegg agcaggtggt ggccatcgcece 1020
agcaatattg gtggcaagca ggcgctggag acggtgcagg cgctgttgcce ggtgctgtgce 1080
caggcccacg gcttgaccee ccagcaggtyg gtggecateg ccagcaatgg cggtggcaag 1140
caggcgcetgg agacggtcecca geggcetgttg ccggtgetgt geccaggccca cggcttgace 1200
ccggagecagyg tggtggecat cgecagecac gatggeggea agcaggeget ggagacggte 1260
cagcggcetgt tgccggtget gtgccaggcce cacggcttga ccccggagca ggtggtggece 1320
atcgccagece acgatggegg caagcaggeg ctggagacgg tecagegget gttgeeggtg 1380

ctgtgccagyg cccacggett gaccccccag caggtggtgg ccatcgecag caatggeggt 1440
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ggcaagcagyg cgctggagac ggtccagegg ctgttgecgg tgctgtgeca ggeccacgge 1500
ttgacccegg agcaggtggt ggccatcgece agecacgatyg geggcaagca ggcgetggag 1560
acggtccage ggctgttgece ggtgctgtge caggcccacg gcecttgaccee ggagcaggtg 1620
gtggccatcg ccagcaatat tggtggcaag caggcgctgg agacggtgca ggcgctgttg 1680
ceggtgetgt gecaggecca cggcttgace ceccagcagg tggtggcecat cgccagcaat 1740
aatggtggca agcaggcgct ggagacggtc cagecggcetgt tgccggtget gtgceccaggcece 1800
cacggettga cccecggagca ggtggtggece atcgecagece acgatggegyg caagcaggcg 1860
ctggagacgg tccagcggct gttgceggtg ctgtgccagg cccacggctt gaccceccggag 1920
caggtggtgg ccatcgecag caatattggt ggcaagcagyg cgctggagac ggtgcaggceg 1980
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccectce agcaggtggt ggccatcgcece 2040
agcaatggcg gcggcaggcece ggcgctggag agcattgttg cccagttatce tegecctgat 2100
ccggegttgg cecgegttgac caacgaccac ctegtcecgect tggcectgect cggegggegt 2160
cctgegetgg atgcagtgaa aaagggattg ggggatccta tcagccgtte ccagetggtg 2220
aagtccgage tggaggagaa gaaatccgag ttgaggcaca agctgaagta cgtgecccac 2280
gagtacatcyg agctgatcga gatcgeccgg aacagcaccce aggaccgtat cctggagatg 2340
aaggtgatgg agttcttcat gaaggtgtac ggctacaggg gcaagcacct gggcggctcce 2400
aggaagccceg acggegecat ctacaccegtg ggetccceca tegactacgyg cgtgategtg 2460
gacaccaagyg cctactccgg cggctacaac ctgcccatceg gecaggecga cgaaatgcag 2520
aggtacgtgg aggagaacca gaccaggaac aagcacatca accccaacga gtggtggaag 2580
gtgtacceccect ccagcecgtgac cgagttcaag ttcecctgtteg tgtccggeca cttcaagggce 2640
aactacaagg cccagctgac caggctgaac cacatcacca actgcaacgyg cgccgtgcetg 2700
tcegtggagg agcetectgat cggcggegag atgatcaagg ceggcaccct gaccctggag 2760
gaggtgagga ggaagttcaa caacggcgag atcaacttcg cggccgactg ataa 2814
<210> SEQ ID NO 76

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(49

<400> SEQUENCE: 76

tgaccttgat ttattttgca tacctaatca ttatgctgag gatttggaa 49
<210> SEQ ID NO 77

<211> LENGTH: 3201

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: TALEN HPRT 2 LEFT

<400> SEQUENCE: 77

atgggcgatce ctaaaaagaa acgtaaggtce atcgattacc catacgatgt tccagattac 60
getatcgata tcgccgacce cattcgtteg cgcacaccaa gtectgeceyg cgagettetg 120
ccecggacccee aacccgatgg ggttcageceg actgeagate gtggggtgte tceegectgece 180

ggeggeccee tggatggett gecggetegyg cggacgatgt cccggacceyg getgecatet 240
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cceectgece cctcacctge gttceteggeg ggcagcettea gtgacctgtt acgtcagtte 300
gatccgtcac tttttaatac atcgecttttt gattcattge ctecccttegg cgctcaccat 360

acagaggctyg ccacaggcga gtgggatgag gtgcaategg gtetgeggge agecgacgece 420

ccececaccca ccatgegegt ggetgtecact geegegegge cecegegege caagecggeg 480
ccgegacgac gtgctgegea accctecgac gettegeegg cggegeaggt ggatctacge 540
acgctegget acagccagca gcaacaggag aagatcaaac cgaaggtteg ttcegacagtg 600
gegecagcace acgaggcact ggteggecac gggtttacac acgcgcacat cgttgegtta 660
agccaacacce cggcagegtt agggaccgte getgtcaagt atcaggacat gatcgcageg 720
ttgccagagg cgacacacga agcgategtt ggegteggea aacagtggte cggegcacgce 780
getetggagg ccttgctcac ggtggeggga gagttgagag gtccaccgtt acagttggac 840
acaggccaac ttctcaagat tgcaaaacgt ggeggegtga cegecagtgga ggcagtgeat 900
gecatggegca atgcactgac gggtgcccceg ctcaacttga ccccccageca ggtggtggec 960

atcgccagca ataatggtgg caagcaggcg ctggagacgg tccagecgget gttgeceggtg 1020
ctgtgccagg cccacggett gaccccggag caggtggtgg ccatcgccag caatattggt 1080
ggcaagcagg cgctggagac ggtgcaggeyg ctgttgeegg tgectgtgeca ggeccacgge 1140
ttgaccccce agcaggtggt ggccategece agcaataatg gtggcaagca ggegetggag 1200
acggtccage ggctgttgece ggtgctgtge caggcccacg gcecttgaccee ccagcaggtg 1260
gtggccatecg ccagcaataa tggtggcaag caggcgctgg agacggtcca gcggctgttyg 1320
ceggtgetgt gecaggecca cggettgace ccggageagg tggtggecat cgecagcaat 1380
attggtggca agcaggcgct ggagacggtg caggcgcetgt tgccggtget gtgccaggcece 1440
cacggcttga ccccccagea ggtggtggee ategecagea atggeggtgg caagcaggeg 1500
ctggagacgg tccagcggct gttgceggtg ctgtgccagg cccacggctt gaccccccag 1560
caggtggtgg ccatcgecag caatggeggt ggcaageagg cgctggagac ggtccagegg 1620
ctgttgccgg tgctgtgcca ggcccacggce ttgacccecece agcaggtggt ggccatcgcece 1680
agcaatggcg gtggcaagca ggcgctggag acggtccage ggctgttgece ggtgcetgtge 1740
caggcccacg gcttgaccee ccagcaggtyg gtggecateg ccagcaataa tggtggcaag 1800
caggcgcetgg agacggtcecca geggcetgttg ccggtgetgt geccaggccca cggcttgace 1860
cceccagecagg tggtggecat cgecagcaat aatggtggea agcaggeget ggagacggte 1920
cagcggcetgt tgccggtget gtgccaggcce cacggcttga ccccggagca ggtggtggece 1980
atcgccagca atattggtgg caagcaggcg ctggagacgg tgcaggcgcet gttgeceggtg 2040
ctgtgccagg cccacggett gaccccggag caggtggtgg ccatcgccag caatattggt 2100
ggcaagcagg cgctggagac ggtgcaggeyg ctgttgeegg tgectgtgeca ggeccacgge 2160
ttgaccecgg agcaggtggt ggccatcgcce agcaatattg gtggcaagca ggcgctggag 2220
acggtgcagg cgctgttgec ggtgctgtge caggcccacg gcecttgaccee ccagcaggtg 2280
gtggccatecg ccagcaataa tggtggcaag caggcgctgg agacggtcca gcggctgttyg 2340
ceggtgetgt gecaggecca cggettgace ccccageagg tggtggecat cgecagcaat 2400
aatggtggca agcaggcgct ggagacggtc cagecggcetgt tgccggtget gtgceccaggcece 2460

cacggcttga ccectcagea ggtggtggee ategecagea atggeggegg caggecggeg 2520
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ctggagagca ttgttgccca gttatctcecge cctgatceccga gtggcagcgg aagtggcggg 2580
gatcctatca geccgtteccca gctggtgaag tccgagctgg aggagaagaa atccgagttg 2640
aggcacaagc tgaagtacgt gccccacgag tacatcgage tgatcgagat cgcccggaac 2700
agcacccagg accgtatcct ggagatgaag gtgatggagt tcttcatgaa ggtgtacggce 2760
tacaggggca agcacctggg cggctccagg aagceccgacyg gegecatcta caccgtggge 2820
tcececcateg actacggegt gatcgtggac accaaggect actccggcecgg ctacaacctg 2880
ccecateggee aggcecgacga aatgcagagg tacgtggagg agaaccagac caggaacaag 2940
cacatcaacc ccaacgagtg gtggaaggtg tacccctceca gecgtgaccga gttcaagttce 3000
ctgttcecgtgt cecggccactt caagggcaac tacaaggcecc agctgaccag gctgaaccac 3060
atcaccaact gcaacggcgce cgtgctgtce gtggaggagce tcecctgatcgg cggcgagatg 3120
atcaaggcceg gcaccctgac cctggaggag gtgaggagga agttcaacaa cggcgagatce 3180
aacttcgcgg ccgactgata a 3201
<210> SEQ ID NO 78

<211> LENGTH: 3201

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: TALEN HPRT 2 RIGHT

<400> SEQUENCE: 78

atgggcgatc ctaaaaagaa acgtaaggtc atcgattacce catacgatgt tccagattac 60
gctatcgata tegecgacce cattegtteg cgcacaccaa gtectgeccg cgagettetg 120
cceggaccee aacccgatgg ggttcageceg actgcagate gtggggtgte tcecgectgee 180
ggeggeccee tggatggett gecggetegg cggacgatgt cecggacceg getgecatet 240
cceectgece cctcacctge gttceteggeg ggcagcettea gtgacctgtt acgtcagtte 300
gatccgtcac tttttaatac atcgecttttt gattcattge ctecccttegg cgctcaccat 360

acagaggctyg ccacaggcga gtgggatgag gtgcaategg gtetgeggge agecgacgece 420

ccececaccca ccatgegegt ggetgtecact geegegegge cecegegege caagecggeg 480
ccgegacgac gtgctgegea accctecgac gettegeegg cggegeaggt ggatctacge 540
acgctegget acagccagca gcaacaggag aagatcaaac cgaaggtteg ttcegacagtg 600
gegecagcace acgaggcact ggteggecac gggtttacac acgcgcacat cgttgegtta 660
agccaacacce cggcagegtt agggaccgte getgtcaagt atcaggacat gatcgcageg 720
ttgccagagg cgacacacga agcgategtt ggegteggea aacagtggte cggegcacgce 780
getetggagg ccttgctcac ggtggeggga gagttgagag gtccaccgtt acagttggac 840
acaggccaac ttctcaagat tgcaaaacgt ggeggegtga cegecagtgga ggcagtgeat 900
gecatggegca atgcactgac gggtgcccceg ctcaacttga ccccggagca ggtggtggec 960

atcgccagece acgatggegg caagcaggeg ctggagacgg tecagegget gttgeeggtg 1020

ctgtgccagyg cccacggett gaccceggag caggtggtgg ccatcgecag ccacgatgge 1080

ggcaagcagg cgctggagac ggtccagegyg ctgttgeegg tgctgtgeca ggeccacgge 1140

ttgaccecgg agcaggtggt ggccatcgcce agcaatattg gtggcaagca ggcgctggag 1200

acggtgcagg cgctgttgec ggtgctgtge caggcccacg gcecttgaccee ccagcaggtg 1260
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gtggccateg ccagcaatgg cggtggcaag caggcegctgg agacggtceca geggetgttg 1320
ceggtgetgt gecaggecca cggettgace ccggageagg tggtggecat cgecagcaat 1380
attggtggca agcaggcgct ggagacggtg caggcgcetgt tgccggtget gtgccaggcece 1440
cacggcttga ccccggagea ggtggtggee atcgecagea atattggtgg caagcaggeg 1500
ctggagacgg tgcaggcgct gttgceggtg ctgtgccagg cccacggctt gaccccccag 1560
caggtggtgg ccatcgecag caatggeggt ggcaageagg cgctggagac ggtccagegg 1620
ctgttgccgg tgctgtgcca ggcccacggce ttgacccecece agcaggtggt ggccatcgcece 1680
agcaatggcg gtggcaagca ggcgctggag acggtccage ggctgttgece ggtgcetgtge 1740
caggcccacg gcttgaccee ggagcaggtg gtggecateg ccagcaatat tggtggcaag 1800
caggcgcetgg agacggtgca ggcgctgttg ccggtgetgt geccaggccca cggcttgace 1860
cceccagecagg tggtggecat cgecagcaat aatggtggea agcaggeget ggagacggte 1920
cagcggcetgt tgccggtget gtgccaggcce cacggcttga ccccccagca ggtggtggece 1980
atcgccagca atggeggtgg caagcaggeg ctggagacgg tecagegget gttgeeggtg 2040
ctgtgccagyg cccacggett gaccceggag caggtggtgg ccatcgecag ccacgatgge 2100
ggcaagcagg cgctggagac ggtccagegyg ctgttgeegg tgctgtgeca ggeccacgge 2160
ttgacccegyg agcaggtggt ggecategece agecacgatg geggcaagcea ggegetggag 2220
acggtccage ggctgttgece ggtgctgtge caggcccacg gcecttgaccee ggagcaggtg 2280
gtggccatcg ccagcaatat tggtggcaag caggcgctgg agacggtgca ggcgctgttg 2340
ceggtgetgt gecaggecca cggettgace ccccageagg tggtggecat cgecagcaat 2400
ggceggtggeca agcaggeget ggagacggte cageggetgt tgecceggtget gtgecaggec 2460
cacggcttga ccectcagea ggtggtggee ategecagea atggeggegg caggecggeg 2520
ctggagagca ttgttgccca gttatctcecge cctgatceccga gtggcagcgg aagtggcggg 2580
gatcctatca geccgtteccca gctggtgaag tccgagctgg aggagaagaa atccgagttg 2640
aggcacaagc tgaagtacgt gecccacgag tacatcgage tgatcgagat cgeccggaac 2700
agcacccagg accgtatcct ggagatgaag gtgatggagt tcttcatgaa ggtgtacggce 2760
tacaggggca agcacctggg cggctecagg aageccgacg gegecatcta caccgtggge 2820
tcececcateg actacggegt gatcgtggac accaaggect actccggcecgg ctacaacctg 2880
cccateggece aggccgacga aatgcagagg tacgtggagg agaaccagac caggaacaag 2940
cacatcaacc ccaacgagtg gtggaaggtg tacccctceca gecgtgaccga gttcaagttce 3000
ctgttcecgtgt cecggccactt caagggcaac tacaaggcecc agctgaccag gctgaaccac 3060
atcaccaact gcaacggcgce cgtgctgtce gtggaggagce tcecctgatcgg cggcgagatg 3120
atcaaggcceg gcaccctgac cctggaggag gtgaggagga agttcaacaa cggcgagatce 3180

aacttcgcgg ccgactgata a 3201

<210> SEQ ID NO 79

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(45)
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<400> SEQUENCE: 79

tgaggatttg gaaagggtgt ttattcctca tggactaatt atgga

45

1-32. (canceled)

33. A method of producing ex-vivo immune cells that are
resistant to a purine analogue drug, comprising:

(a) providing an immune cell;

(b) transfecting said immune cell with a nucleic acid
sequence encoding a rare-cutting endonuclease specifi-
cally targeting a gene expressing an enzyme having
deoxycytidine kinase activity (dcK—EC 2.7.1.74);

(c) expressing said endonuclease into said immune cells
to obtain targeted inactivation of said dcK gene; and

(d) expanding the engineered immune cells obtained in
step ¢).

34. The method of claim 33, wherein the immune cells are

primary cells.

35. The method of claim 33, wherein the immune cells are
T-cells.

36. The method of claim 33, wherein the immune cells are
TIL (Tumor Infiltrating Cells).

37. The method of claim 33, wherein the immune cells
originate from a patient diagnosed with cancer.

38. The method according to claim 33, wherein the
immune cells are further inactivated in their genes encoding
TCRalpha or TCRbeta, to make them allogeneic.

39. The method according to claim 33, wherein the
rare-cutting endonuclease is a TALE-nuclease.

40. The method according to claim 35, further comprising
expressing in the T-cell a Chimeric Antigen Receptor.

41. The method according to claim 33, further comprising
inactivating an immune-checkpoint gene.

42. An isolated immune cell obtainable by the method of
claim 33, which is resistant to a purine analogue drug and
has the drug sensitizing gene dCK inactivated by using a rare
cutting endonuclease.

43. An isolated T-cell resistant to a purine analogue,
wherein the T-cell comprises at least one disrupted gene
encoding a T-cell Receptor component; and/or wherein the
T-cell has the drug sensitizing gene dCK inactivated by

using a rare cutting endonuclease and the T-cell is endowed
with a Chimeric Antigen Receptor (CAR) specific for an
antigen.

44. The isolated T-cell of claim 43, wherein the TCR
inactivation is by use of a rare-cutting endonuclease.

45. An isolated T-cell of claim 44, wherein the rare-
cutting endonuclease is a TALE-nuclease.

46. A pharmaceutical composition comprising at least one
isolated T-cell according to claim 42.

47. A pharmaceutical composition comprising at least one
isolated T-cell according to claim 43.

48. A method for treating a patient in need thereof
comprising:

(a) preparing a population of T-cells according to claim

42; and

(b) administering the T-cells to the patient.

49. A method for treating a patient in need thereof
comprising:

(a) preparing a population of T-cells according to claim

43; and

(b) administering the T-cells to the patient.

50. The method for treating a patient according to claim
48, further comprising administering a purine analog drug to
the patient.

51. The method for treating a patient according to claim
49, further comprising administering a purine analog drug to
the patient.

52. A population of T cells, which has a frequency of
indels generated by using a rare-cutting endonuclease at the
dCK locus higher than 80% and has at least one feature
selected from: (a) the population is resistant to a dose of
clofarabine of at least 1 uM, (b) the population is resistant
to a dose of fludarabine of at least 100 uM, (c) the population
has an 1050 for clofarabine of at least 10 pM, and (d) the
population has an 1050 for fludarabine of at least 400 pM.
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